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Abstract                  

 

The objective of this study was to design and validate a 

measurement instrument, called OSTETUG, to know university 

students' perception of the topics covered in Group Tutoring. The 

research was conducted using a quantitative approach, with a 

descriptive scope and a non-experimental, cross-sectional design. 

The instrument was administered to a non-probability sample of 

272 students. Psychometric tests were performed to ensure 

construct validity through an exploratory factor analysis, which 

proved to be relevant (KMO = 0.927), and reliability was 

measured using Cronbach's alpha. The main contribution is the 

validated OSTETUG instrument, composed of 20 items with 

high reliability (alpha = 0.904), grouped into three factors: Self-

actualization, Personal Aspects, and Academic Aspects.  
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Resumen 

 

El objetivo de este estudio fue diseñar y validar un instrumento 

de medida, llamado OSTETUG, para conocer la percepción de 

los estudiantes universitarios sobre los temas impartidos en la 

Tutoría Grupal. La investigación se desarrolló bajo un enfoque 

cuantitativo, con alcance descriptivo y diseño no experimental 

transaccional. El instrumento se aplicó a una muestra no 

probabilística de 272 estudiantes. Se realizaron pruebas 

psicométricas para asegurar la validez de constructo mediante un 

análisis factorial exploratorio, demostrando ser pertinente 

(KMO=0.927), y se midió la confiabilidad con el Alfa de 

Cronbach. La contribución principal es el instrumento 

OSTETUG validado, compuesto por 20 ítems con una alta 

fiabilidad (Alfa = 0.904), agrupados en tres factores: 

Autorrealización, Aspectos Personales y Aspectos Académicos.  

 

 
 

Validación de instrumento, Tutoría grupal, Percepción 

estudiantil 
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Introduction 

 

A review of research conducted at various higher 

education institutions in Mexico and other 

countries has revealed different ways of 

delivering tutoring. Some refer to tutoring as 

peer-to-peer support, where students help each 

other with their studies. Other institutions focus 

solely on the academic aspect, where students 

are free to seek out a teacher-tutor to reinforce a 

topic in any subject in their degree programme. 

[Delgado, J., 2023] Today, commitment and 

attention are essential to creating a positive 

educational environment. It is essential that 

tutors not only take an interest in identifying 

students' weaknesses or difficulties, but also 

strive to help them overcome any obstacles that 

arise in the learning process. This involves 

making appropriate use of the support and tools 

necessary for each student to reach their full 

potential, both academically and personally. In 

other words, creating a teacher-student 

connection that fosters a positive educational 

environment. 

 

[Ponce Ceballos, S., & Aceves 

Villanueva, Y., 2020]. They conducted a study 

on the Exploration of the Behaviour of an 

Instrument to Evaluate the Function of 

Academic Tutoring in the Context of Teacher 

Training Colleges. This study was published in 

the Ibero-American Journal of Educational 

Evaluation, 13(1), 139-155. In this study, not 

only is an instrument applied, but its 

psychometric properties (validity and reliability) 

are analysed in a specific context (teacher 

training colleges), demonstrating the importance 

of adapting and validating existing instruments. 

 

[Martínez, C., Pérez, P., Cusó, J. & 

Martínez, J. 2014] from the University of 

Murcia, Spain, conducted research on the 

perceptions of undergraduate students and 

tutors, with the aim of providing suggestions for 

improving the tutoring system, which helps 

students' comprehensive training and guides 

them in their professional training, favouring the 

new educational approach focused on the student 

and their learning. The results found were: 75% 

of students consider the presence of a tutor to be 

important for their academic development, and 

teachers express the need to recognise the 

tutorial function, since otherwise it runs the risk 

of being relegated to a task that depends on the 

availability and commitment of the teacher. 

 

These authors conducted another study in 

2015 on university student satisfaction with 

tutoring and the design and validation of an 

instrument. 

 

The results regarding the validation of 

the instrument yielded the following results: In 

the reliability analysis performed using 

Cronbach's alpha coefficient, a reliability level 

of a= .958 was found by eliminating some items 

3, 5, 15, 16, 18, 20, 21, and 25. With regard to 

student satisfaction with tutoring, it was found 

that younger students, on the scale referring to 

the tutor and the organisation, are more satisfied 

than students over the age of 25. The difficulty 

of continuing their studies is much greater for 

this type of student than for younger students, as 

they face greater social and family pressure and 

have different responsibilities, both at work and 

in their personal lives. 

 

On the other hand, [León, J., Hevia, F., 

Vergara-Lope, S., Vinacur, T., & Zoido, P., 

2022]. This source is valuable because of its 

current context. It addresses the validation of an 

instrument designed to measure the 

effectiveness of remote tutoring, a crucial aspect 

in the post-pandemic era. The objective was to 

develop an inexpensive, easy-to-use, and quick-

to-apply instrument that would at least provide a 

reliable indication of whether the interventions 

were having an impact on fundamental and 

essential learning in mathematics among the 

most vulnerable population with the greatest 

learning gaps. 

 

Similarly, [García, R., Cuevas, O., Vales, 

J., and Cruz, I., 2012] conducted research at the 

Technological Institute of Sonora on the impact 

of tutoring on students, focusing specifically on 

the academic tutoring received by students who 

participate in counselling of their own volition. 

 

These authors found in their research that 

students who attend tutoring sessions fail less 

than those who do not. Of the students who did 

not receive tutoring, 53.78% failed subjects and 

46.22% passed their subjects. In contrast, only 

29.53% of students who attend tutoring failed 

subjects, and 70.47% did not fail any subjects. 

Therefore, the research by these authors 

demonstrates that there is a highly significant 

influence in attending tutoring sessions. 

 

 

 

https://repository.ucc.edu.co/entities/publication/a6dcc313-8e74-4912-9020-82412c99b5c0
https://doi.org/10.15366/riee2020.13.1.006
https://doi.org/10.15366/riee2020.13.1.006
http://web.b.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=10&sid=6e1b14f0-9289-47c9-93a1-42d54bbc76e8%40sessionmgr103&hid=118
http://web.b.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=10&sid=6e1b14f0-9289-47c9-93a1-42d54bbc76e8%40sessionmgr103&hid=118
https://doi.org/10.18235/0004624
https://doi.org/10.18235/0004624
https://doi.org/10.18235/0004624
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1607-40412012000100007
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Also, [Salomón and Castillo, 2016] 

conducted research to evaluate the tutoring 

programme through student satisfaction in the 

Academic Division of Health Sciences in the 

Bachelor of Medicine and Surgery programme at 

the Juárez Autonomous University of Tabasco. 

The Technological University of Southern 

Sonora conducts this evaluation of tutors every 

four months through student satisfaction, in 

which they found that the average age is 21 

among 335 students. In terms of gender, 53% 

were female and 47% were male. With regard to 

credits earned, at the time of data collection, 

students who had earned 0-20%, 21.40%, and 

61-80% of credits were more represented. 

Regarding student satisfaction with their tutor, 

an average of 70% was found with respect to the 

tutor's attitude and attention, and 58% with 

respect to knowledge. Slightly more than 70% of 

students expressed satisfaction with the tutor's 

attention, attitude, and knowledge, although only 

58% considered the tutoring programme useful 

in helping them solve their problems. 

 

On the other hand, [Alegre Bravo, A, 

2025] conducted a study called ‘University 

Tutoring Service Assessment Scale (EVSTU): 

Construction and Validation,’ focused on the 

creation of the ‘EVSTU,’ a specific scale for 

students to assess the tutoring service they 

receive. It details the construction process and 

the validity (exploratory and confirmatory 

factorial) and reliability (Cronbach's alpha) tests. 

Finally, [Benavides, C. A., 2022], in his 

research, analyses perceptions of academic 

tutoring and their impact on undergraduate 

students in the Faculty of Education at a private 

university.  

 

A mixed-methods descriptive approach 

was used in this research. A survey was 

implemented to evaluate sociodemographic 

aspects, the tutoring experience, and its 

projection. A sample of 118 students was 

surveyed. In the first aspect, it was observed that 

only 55% of students demonstrated that they had 

the necessary resources to participate in these 

spaces; however, only 38% of them had the time 

necessary to attend the tutorials. Although the 

university has spaces available, only 41% attend 

sporadically. In the second aspect, it was evident 

that one of the reasons for attending tutorials is a 

lack of understanding of a specific topic, with 

25% showing an improvement in their academic 

performance, highlighting the relevance of 

resources.  

The third aspect analyses the strategies 

used by the tutor, and students project tutoring as 

a space for autonomous learning. After analysis, 

it was observed that these spaces are 

underutilised, with evidence suggesting that this 

tends to be due to students' availability or lack of 

knowledge. From this, it can be concluded that 

these spaces are conceived as a good training 

strategy, but are not being taken advantage of. 

 

Methodology 

 

Before describing how the validity and 

reliability of the instrument were assessed, it is 

important to mention that this research was 

conducted using a quantitative approach 

because, in order to carry it out, data had to be 

collected to validate the measurement 

instrument on the perception of students of 

different TSU courses at a technological 

university on the group tutoring topics proposed 

by the Institutional Tutoring Programme (PIT) 

coordination to tutors for development in the 

classroom week after week, based on numerical 

measurement and statistical analysis to establish 

behaviour patterns. 

 

The scope of this research is descriptive 

because it seeks to specify important properties, 

characteristics and features of the phenomenon 

to be analysed and describes trends in a group or 

population. The research design is non-

experimental, transactional or cross-sectional. 

This methodological choice implies that the 

study will be carried out without intentional 

manipulation of the variables by the researcher. 

The focus is exclusively on observing, 

describing and analysing the phenomena as they 

occur in their natural environment and real 

context, and then analysing them. 

 

This design is ideal for describing a 

population at a given moment or for establishing 

correlations between variables without 

establishing a direct and controlled causal 

relationship. The research was carried out in a 

group tutorial class with the students who 

attended university that day. They were provided 

with a link to answer the instrument from the 

device they had available at the time, indicating 

how they had to enter and what the study in 

progress was about, so their full cooperation was 

required to answer it. Similarly, the link was 

provided to the rest of the tutors so that they 

could administer the questionnaire to the 

different groups of students who participated in 

answering it. 

https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-74672016000200055
https://revistas.unife.edu.pe/index.php/avancesenpsicologia/article/view/3410/3561
https://revistas.unife.edu.pe/index.php/avancesenpsicologia/article/view/3410/3561
https://redcol.minciencias.gov.co/Record/COOPER2_9614af7af09b9d12a9c2a15c36ba7ce7/Description
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The sample is non-probabilistic, as the 

choice of elements does not depend on 

probability, but on causes related to the 

characteristics of the research. [Hernández S., 

2014]. The population was all students enrolled 

in the Higher Technical University (TSU) 

courses in Business Development, 

Mechatronics, Industrial Processes, and 

Information and Communication Technologies, 

as well as the Aeronautical Manufacturing 

course during the September-December 2024 

semester.  

 

The final sample consisted of 272 

students from a population of 633 of both sexes, 

of whom 460 were men and 173 were women 

from all educational programmes who were at 

the university at the time of the application. 

Their ages ranged from 18 to 22 years old, with 

no distinction based on sex or any other data that 

would discriminate against students 

participating in the survey. 

 

A measurement instrument (OSTETUG) 

was designed, initially consisting of 22 items on 

a Likert scale. The purpose of the instrument is 

to measure students' perceptions of the topics 

taught in group tutorials. 

 

Each item is rated on a 5-point scale (1 = 

Strongly disagree, 2 = Disagree, 3 = Neither 

agree nor disagree, 4 = Agree, 5 = Strongly 

agree). Scores close to 5 indicate that the student 

perceives the topics covered in group tutoring as 

highly useful for their personal, academic and 

self-fulfilment. 

 

Subsequently, the psychometric 

properties of the instrument, such as reliability 

and validity, were analysed. To ensure construct 

validity, an exploratory factor analysis was 

performed. Following this analysis, the final 

instrument consisted of 20 items, grouped into 

three factors: Factor 1, Self-fulfilment: 

Composed of 12 items, it explains the highest 

percentage of variance. Factor 2 on Personal 

Aspects, composed of 5 items, explains the 

second highest percentage of variance. Factor 3 

on Academic Aspects, composed of 3 items, 

explains the lowest percentage of variance. 

 

The following section shows the results 

obtained with the reliability and validity of the 

instrument applied to university students 

belonging to one of the 191 universities in the 

technological system. 

 

Results 

 

For the design and validation of the 

measurement instrument, KMO and Bartlett 

tests were used to confirm the relevance of the 

factor analysis. As shown in Table 1, these 

statistics confirmed that the correlations between 

the variables are adequate and that the proposed 

model is statistically viable. The KMO index is 

a value between 0 and 1. The closer the value is 

to 1, the more relevant the factor analysis is 

(KMO=0.927). 

  
 

Box 1 
 

Table 1  

KMO and Bartlett test 

 

Kaiser-Meyer-Olkin measure of 

sampling adequacy 

.927 

Bartlett sphericity 

test. 

Approx. Chi-

Square 

3031.266 

Gl 190 

 Sig. 0.000 

 

Source: Own Elaboration 

 

Specifically, the KMO statistic indicates 

the proportion of variance in its variables that 

could be caused by common underlying factors, 

while Bartlett's test assesses whether the partial 

correlations between variables are sufficiently 

small, i.e., it verifies whether the variables are 

significantly intercorrelated in order to proceed 

with factor analysis. 

 

Next, factor analysis was obtained using 

the principal component method as the extraction 

method. In this method, the extracted factors are 

eigenvectors of the rescaled correlation matrix. 

According to Table 2, all extracted items have 

eigenvalues between 0.439 and 0.770. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://books.google.com.pe/books/about/Metodolog%C3%ADa_de_la_investigaci%C3%B3n_6a_ed.html?id=Pcu0AQAACAAJ
https://books.google.com.pe/books/about/Metodolog%C3%ADa_de_la_investigaci%C3%B3n_6a_ed.html?id=Pcu0AQAACAAJ
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Box 2 
 
Table 2 

Extraction method: principal component análisis 
 

Ítems Initial Extraction 

1. They lead to reflection and discussion within 

the group.  

1.000  .439  

3. They help me reaffirm my desire to belong to 

the school. 

1.000  .683  

4. They lead me to reflect on asking for help 

when I am unclear about the content of a 

subject. 

1.000  .770  

5. They do not help me identify my academic 
strengths and weaknesses. 

1.000  .512  

6. They help me raise my grade point average.  1.000  .534  

7. They are useful as support for solving 

problems in the academic environment. 

1.000  .498  

8. They help me to learn independently. 1.000  .631  

9. They encourage me to reflect on my life. 1.000  .536  

10. They do not help me to develop as a person. 1.000  .624  

11. They help me to express personal situations. 1.000  .566  

12. They can be applied to everyday life. 1.000  .645  

13. They disrupt my reflection on my self-

esteem. 

1.000  .578  

14. They help develop thought processes. 1.000  .718  

15. They lead me to reflect on my behaviour. 1.000  .623  

16. They do not contribute to my health care. 1.000  .599  

17. They provide sufficient tools to be applied 

in the workplace. 

1.000  .694  

18. They are not related to my personal, social, 

or professional life at all. 

1.000  .560  

19. They provide ideas for solving problems in 

the workplace. 

1.000  .635  

21. They help build rapport with future 

colleagues. 

1.000  .657  

22. They encourage you to analyse and reflect 

on the importance of teamwork. 

1.000  .642  

 

Source: Own Elaboration 

 

To ensure the reliability of the 

instrument, Cronbach's alpha coefficient was 

calculated, yielding a coefficient of 0.904 for the 

instrument as a whole, which indicates a high 

degree of consistency in the measurements. 

Therefore, it can be stated that the instrument 

provides highly reliable measurements with very 

little margin for error. As can be seen in Table 3. 

 

Box 3 
 
Table 3 

Reliability statistics 

 
Cronbach's alpha N. Of elements 

.904 20 

 
Source: Own Elaboration 

 

Likewise, Table 4 and Table 5 show the 

coefficients corresponding to each of the three 

dimensions or factors obtained from the 

exploratory factor analysis. The coefficients for 

factor 1 are .939, for factor 2 are .778, and for 

factor 3 are 7.44, giving a total of 0.904 

according to Cronbach's alpha.  

This indicates high consistency in each of 

the factors as well as in the Group Tutoring 

Opinion Survey (OSTETUG) instrument as a 

whole. Thus, an instrument with a high 

reliability and validity index and a very low 

margin of error was obtained, which can be used 

for future research. 

 

Box 4 
 
Table 4 

Factor coefficient 1 Self-actualisation 
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Factor 1 0.939 

6 1 5 4.00 .895  

7 1 5 4.09 .863 

8 1 5 4.08 .804 

9 1 5 3.87 .890 

11 1 5 3.77 .929 

12 1 5 3.95 .760 

14 1 5 3.91 .801 

15 1 5 4.06 .764 

17 1 5 3.97 .817 

19 1 5 3.98 .751 

21 1 5 4.07 .791 

22 1 5 4.26 .825 

      

Source: Own Elaboration 

 
 

Box 4 
 
Table 4 

Coefficient of Factor 2 Personal aspects and Factor 3 

Academic aspects 

 

Ít
em

 

 

M
in

im
u

m
 

M
a

x
im

u
m

 

M
ed

ia
 

S
ta

n
d

a
rd

 

d
ev

ia
ti

o
n

 

C
ro

n
b

a
ch

's
 

a
lp

h
a
 

Factor 2 0.778 

5 1 5 3.74 1.049  

10 1 5 3.92 .952 

13 1 5 3.66 1.092 

16 1 5 3.57 1.039 

18 1 5 3.56 1.018 

Factor 3 0.744 

1 1 5 3.75 1.196  

3 1 5 4.21 .970 

4 1 5 4.18 .943 

Total of the three factors 0.904 

  

  

Source: Own Elaboration 
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Discussion and Conclusions 

 

With regard to the psychometric properties of 

the instrument, Cronbach's alpha coefficient was 

calculated, yielding an overall reliability of 

0.904, which indicates that the instrument has 

high consistency in its measurements and can be 

said to have very little margin for error.  

 

In terms of validity, an exploratory factor 

analysis was conducted to determine the 

structure of the instrument. Three factors were 

found: Factor one consists of 12 items that apply 

the highest number of variances corresponding 

to aspects of self-realisation. Factor two consists 

of five items related to aspects of personal life, 

and factor three consists of three items that 

explain the lowest number of variances and 

correspond to academic aspects.  

 

The validation of the instrument is very 

important for future research within the 

university, as well as other educational 

institutions that wish to apply the instrument to 

understand the perceptions of their students.     

As mentioned by [Pérez Cuso, F. J., Martínez 

Clares, P., & Martínez Juárez, M., 2015], 

university tutoring is considered a factor of 

quality and a requirement in universities. This 

study also presents the design and validation of 

a tutoring satisfaction scale in a descriptive and 

cross-sectional study. This study shows 

similarity in Cronbach's Alpha reliability above 

.90, which shows us the high reliability index. 

 

It also leaves an instrument with a high 

reliability and validity index with very little 

margin of error, which can be used for future 

research. This instrument can be improved, 

especially factor three, which refers to academic 

aspects and obtained a percentage of 3.69 below 

the overall average of 3.93. More items referring 

to this topic can be included to increase the 

reliability index.  

 

This study contributes to the university's 

tutoring system for decision-making regarding 

the topics taught. In addition, this research 

evaluates three processes that belong to the 

tutoring department, leaving the psychological 

counselling process to be evaluated. 
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Abstract 

 

The case study approach has been consolidated in higher education as a 

pedagogical methodology that promotes deep, active and contextually 

relevant learning. This research, developed through a systematic review of the 

literature between 2017 and 2024, analyzes the strengths and weaknesses 

associated with the use of this methodology. The information was obtained 

from databases such as Scopus, Web of Science and Google Scholar, using 

rigorous inclusion criteria based on the PRISMA protocol. Among the most 
outstanding contributions are the improvement in academic performance, the 

promotion of metacognitive abilities, autonomy in learning and the transfer of 

knowledge to practical contexts, especially in areas such as health and 

education. Despite these benefits, limitations related to resistance to 

modifying traditional practices, heterogeneity of learning styles, and temporal 

constraints within academic programs are recognized. It is concluded that the 

case study represents an effective way for comprehensive training, as long as 

its implementation is supported by a favorable institutional structure, 
continuous teacher training and curricular adjustments that facilitate its 

regular use. It is recommended to develop longitudinal studies and explore 

student perception of this strategy, particularly in hybrid or virtual 

environments. 
 

 
 

 

Case study method, systematic literature review, didactic strategy, meaningful 

learning. 

 

 

Resumen 

 

El enfoque del estudio de caso se ha consolidado en la educación superior 

como una metodología pedagógica que impulsa el aprendizaje profundo, 

activo y con relevancia contextual. Esta investigación, desarrollada mediante 

una revisión sistemática de literatura entre los años 2017 y 2024, analiza las 

fortalezas y debilidades asociadas al uso de dicha metodología. La 

información fue obtenida de bases como Scopus, Web of Science y Google 

Scholar, utilizando criterios rigurosos de inclusión basados en el protocolo 
PRISMA. Entre los aportes más destacados se identifican la mejora en el 

desempeño académico, el fomento de capacidades metacognitivas, la 

autonomía en el aprendizaje y la transferencia del conocimiento a contextos 

prácticos, sobre todo en áreas como salud y educación. A pesar de estos 

beneficios, se reconocen limitaciones relacionadas con la resistencia a 

modificar prácticas tradicionales, la heterogeneidad de estilos de aprendizaje 

y las restricciones temporales dentro de los programas académicos. Se 

concluye que el estudio de caso representa una vía efectiva para una formación 
integral, siempre que su implementación se apoye en una estructura 

institucional favorable, capacitación docente continua y ajustes curriculares 

que faciliten su uso regular. Se recomienda desarrollar estudios longitudinales 

y explorar la percepción estudiantil sobre esta estrategia, particularmente en 

entornos híbridos o virtuales. 
 

 
 

Método estudio caso, revisión sistemática de la literatura, estrategia didáctica, 

aprendizaje significativo. 
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Introduction 

 

The effectiveness of the case study method as a 

teaching strategy has been the subject of 

growing interest in the field of education, given 

its potential to promote meaningful and 

contextualised learning. According to Guevara 

(2023), this approach allows students to deal 

with real-life situations; it also promotes active 

and contextualised learning that facilitates the 

integration of theory and practice. In line with 

this approach, Stake (2013) mentions that the 

case method provides students with an 

opportunity to approach real-life problems from 

an interdisciplinary and complex perspective, 

not only applying theoretical knowledge but also 

developing interpersonal skills, such as 

teamwork and effective communication. In the 

words of Calderón et al., (2023), the case 

method becomes a tool that not only teaches 

knowledge but also shapes the student's 

character. 

 

 Thus, the study method refers to an 

organised set of techniques and strategies that 

students use to improve their understanding and 

retention of academic material. These techniques 

may include efficient note-taking, time 

management, comprehensive and critical 

reading, summarising, and practising self-

assessment. The study method is a fundamental 

tool that facilitates meaningful learning and 

promotes student autonomy. Therefore, 

implementing effective study methods in the 

classroom brings multiple benefits for both 

students and teachers. 

 

 As seen in the literature, the case study, 

as a method, has established itself as a valuable 

teaching strategy in higher education, promoting 

active and contextualised learning. However, 

there is a shortage of systematic reviews 

analysing its effectiveness and application at this 

level of education. Here, the current literature 

suggests that the method not only facilitates the 

understanding of complex concepts, but also 

fosters critical and argumentative skills in 

students (Maroto et al., 2017; Ríos and Ortega, 

2020). Therefore, it is considered appropriate to 

conduct a systematic review of the literature 

under a robust methodological framework that 

allows the object of study to be observed from 

different angles in order to obtain a robust 

theoretical perspective and facilitate more in-

depth studies. 

 The study is justified by the need to 

consolidate evidence on the objective; that is, it 

has theoretical value (Hernández et al., 2017). 

The review will have several benefits, such as 

determining the benefits and limitations 

identified in the literature regarding the use of 

the case study method as a teaching strategy in 

higher education. These criteria include the 

methodological quality of the studies, the 

relevance of the topic, and the clarity in the 

presentation of results and conclusions (Pardal, 

2023). 

 

 Now, for a better understanding of the 

object of study, it is mentioned that among the 

most notable benefits of the case study are 

improved academic performance, where 

students who apply effective study methods tend 

to obtain better grades and develop a deeper 

understanding of the topics studied, so study 

strategies can have a significant impact on 

students' academic performance.  

 

 This is also true in the development of 

metacognitive skills, which are integrated into 

study techniques that not only aid in the 

acquisition of knowledge but also encourage 

self-reflection and self-control, crucial skills for 

lifelong learning that allow students to evaluate 

their own learning process and adjust it as 

necessary (Zimmerman, 2002). 

 

 It also promotes student autonomy; by 

learning and applying study methods, young 

people become more autonomous learners, 

capable of managing their own learning process 

effectively. Therefore, autonomy in learning is a 

fundamental goal of modern education, and 

study methods play a key role in promoting it 

(Brophy, 2001). 

 

 This approach also allows students to 

become actively involved in solving real 

problems, which helps to develop critical and 

analytical skills. It promotes the practical 

application of these skills in specific situations, 

which is fundamental to the comprehensive 

education of students. Through case studies, 

teachers can foster critical skills such as analysis, 

argumentation, and decision-making, which 

results in more meaningful and lasting learning 

(Ríos and Ortega, 2020; Panting et al., 2022). 

 

 

 

https://educiencia.uat.edu.mx/index.php/Educiencia/article/view/237
https://educiencia.uat.edu.mx/index.php/Educiencia/article/view/237
https://archive.org/details/multiplecasestud0000stak
https://cathi.uacj.mx/bitstream/handle/20.500.11961/25935/document.pdf?sequence=1
https://journals.uco.es/index.php/ripadoc/article/view/9611
https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://www.paginaspersonales.unam.mx/app/webroot/files/981/Investigacion_sampieri_6a_ED.pdf
https://revistas.usal.es/cinco/index.php/2444-7986/article/view/31646
https://revistas.usal.es/cinco/index.php/2444-7986/article/view/31646
https://www.tandfonline.com/doi/abs/10.1207/s15430421tip4102_2
https://files.eric.ed.gov/fulltext/ED440066.pdf
https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
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 Case studies allow students to explore 

complex and multifaceted problems, thereby 

helping them to develop critical thinking and 

apply theories in specific situations. Ríos and 

Ortega (2020) highlight that this methodology 

not only contributes to the development of 

argumentative skills in future teachers, but also, 

as the same author comments, promotes a deeper 

understanding of theoretical concepts in the 

context of the psychology of learning. 

 

 Now, analysing the object of study as a 

process, Mora (2017) highlights that the case 

study is structured in three phases: identification, 

decision-making and problem-solving, which 

provides a clear framework for its 

implementation in the classroom. This structure 

allows educators to guide students through a 

reflective process that culminates in the 

application of theoretical knowledge to practical 

situations. 

 

 In terms of empirical evidence, Panting 

et al. (2022) emphasise that the use of teaching 

strategies such as case studies is essential in 

health sciences education, where the practical 

application of knowledge is crucial for the 

training of competent professionals. Similarly, 

Moroto et al., (2017) describe how agricultural 

engineering students faced a real problem 

consisting of the need for reengineering 

solutions for various facilities in a calf feedlot. 

Resolving the case required the students to 

compile and integrate various knowledge and 

skills acquired in their undergraduate studies, as 

well as critical thinking and ingenuity.  

 

 They demonstrate that the results 

obtained were positive in terms of promoting 

collaborative work, critical thinking and active 

student participation in the course activities. 

They conclude that although the practical 

implementation of the teaching methodology 

presented some difficulties, the case method is 

suitable for Master's studies and propose 

promoting its use in other engineering courses. 

On the other hand, initial teacher training 

benefits from this approach, as shown in the 

work of Sevilla et al., (2017); where the 

perceptions of future teachers on inclusive 

education are explored and how case studies can 

help to address these issues effectively.  

 

 

 

 This shows that the method's ability to 

address complex and diverse situations in the 

classroom allows future educators to reflect on 

their practices and improve their preparation to 

face the challenges of teaching in inclusive 

contexts. 

 

 Furthermore, Guevara (2023) highlights 

that identifying elements in a specific case is 

crucial for analysis and hypothesis formulation, 

reinforcing the importance of research and 

critical thinking in learning. Thus, the case study 

method is not limited to the transmission of 

information; rather, it becomes a tool for the 

development of essential skills in students. 

 

 However, there are also challenges in 

implementing the method, despite its numerous 

benefits, the effective implementation of the 

case study method as a teaching strategy. Among 

these challenges is resistance to change, as both 

students and teachers may be reluctant to replace 

traditional study and teaching strategies with 

new techniques. It is important to address these 

resistances through adequate training and 

ongoing support. 

 

 Another challenge is the variability in 

student needs, where each student has a unique 

learning style, which can make it difficult to 

implement a one-size-fits-all approach. It is 

crucial to adapt study strategies to the individual 

needs of students (García et al., 2025). It is 

essential to include time constraints, as teaching 

and practising effective study methods may 

require additional time that traditional curricula 

do not always allow for. It is essential to manage 

time efficiently in order to integrate these 

strategies without sacrificing curricular content. 

Marzano (2003). 

 

 Considering that the objective of the 

study was to conduct a systematic review of the 

literature, the study method is described as being 

guided by the research question. 

 

Method 

 

What are the main benefits and limitations 

identified in the literature regarding the use of 

the case study method as a teaching strategy in 

higher education? The analysis of the case study 

method as a teaching strategy in higher 

education is a relevant topic that deserves in-

depth exploration. (Hernández et al., 2017).  

https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://revistas.upn.edu.co/index.php/bio-grafia/article/view/7334
https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
https://journals.uco.es/index.php/ripadoc/article/view/9611
https://cpue.uv.mx/index.php/cpue/article/view/2536
https://educiencia.uat.edu.mx/index.php/Educiencia/article/view/237
http://doi.org/10.32870/Ap.v17n1.2585
https://archive.org/details/whatworksinschoo0000marz
https://www.paginaspersonales.unam.mx/app/webroot/files/981/Investigacion_sampieri_6a_ED.pdf
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 To this end, a literature review study is 

proposed to compile and analyse existing 

information on this method, its application and 

effectiveness in higher education contexts. 

 

Type of study 

 

The type of study selected is a systematic 

literature review (Beltran, 2005) with a 

qualitative approach and a descriptive scope of a 

single variable. This methodological approach is 

suitable for synthesising and evaluating existing 

information on the case study method in higher 

education, allowing for the identification of 

trends, gaps in research and areas for future 

research (Contreras et al., 2023). The literature 

review provides a solid theoretical framework 

that can guide educational practice and research 

in this field. 

 

Population 

 

The population of interest for this review 

includes academic studies in scientific articles 

that address the case study method in higher 

education. Sources will be sought that analyse 

the main benefits and limitations of using the 

case study method as a teaching strategy in 

higher education. The selection of literature was 

based on criteria of relevance, quality and 

timeliness, ensuring that recent and significant 

research was included. 

 

 The search was conducted in academic 

databases such as Scopus, Web of Science, and 

Google Scholar, using the Boolean formula 

(‘case studies’ or ‘case studies’ or ‘case method’) 

and (‘benefits’ or ‘usefulness’ or ‘active 

learning’) and (‘higher education’ or “university” 

or ‘university students’). A range of years was 

established from the 1980s to the year 2024. 

 

Instrument 

 

The measurement instrument was a 

documentary record based on the set of inclusion 

and exclusion criteria applied to select the 

studies to be reviewed. These criteria included 

the methodological quality of the studies, the 

relevance of the topic, and the clarity of the 

presentation of results and conclusions. In 

addition, an analysis matrix was used to organise 

the information collected, facilitating the 

comparison and synthesis of the findings. 

 

 

Analysis technique 

 

The analysis technique used was descriptive 

analysis (Beltran, 2005), which allowed for the 

identification and organisation of recurring 

themes in the reviewed literature. This approach 

facilitated the identification of the main benefits 

and limitations identified in the literature 

regarding the use of the case study method as a 

teaching strategy in higher education. The 

analysis was carried out in several stages, 

beginning with the reading and coding of the 

texts, followed by the identification of relevant 

themes and sub-themes. 

 

Methodological procedure 

 

This literature review included the following 

steps: 1. Definition of the research question: 

What are the main benefits and limitations 

identified in the literature regarding the use of 

the case study method as a teaching strategy in 

higher education? 2. An exhaustive search was 

conducted in academic databases such as Scopus, 

Web of Science, and Google Scholar, using the 

Boolean formula (‘case studies’ or ‘case studies’ 

or ‘case method’) and (‘benefits’ or ‘usefulness’ 

or ‘active learning’) and (‘higher education’ or 

“university” or ‘university students’). 3. Using 

the PRISMA (Preferred Reporting Items for 

Systematic reviews and Meta-Analyses) 

protocol (Figure 1), the previously defined 

inclusion and exclusion criteria were applied to 

select the studies to be included in the review. 

(Imaz, 2015).  

 

Box 1 
 

 
 

Figure 1 

Prism structure for the effectiveness of the case study 

method as a teaching strategy 

Own Elaboration 

https://www.redalyc.org/articulo.oa?id=337729264009
https://www.redalyc.org/articulo.oa?id=337729264009
https://revistas.ucm.es/index.php/RCED/article/view/44665
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 Finally, a detailed analysis of the selected 

studies was carried out, organising the 

information in the analysis matrix and 

identifying key themes. The following section 

presents the results and discussion of the 

analysis. 

 

Results 

 

The analysis of the studies compiled in this 

systematic review identified a growing trend in 

the use of the case study method as a teaching 

strategy in higher education. Based on the 

PRISMA structure, studies from 2017 to 2024 

were systematised. 

 

 Among the most notable benefits, it was 

found that this method fosters critical skills such 

as analytical thinking, argumentation, and 

decision-making (Ríos and Ortega, 2020), 

promotes the practical application of theoretical 

knowledge to real situations (Panting et al., 

2022), and strengthens the development of 

autonomy and metacognitive skills in students 

(Zimmerman, 2002). 

 

 Likewise, common challenges are 

reported, such as resistance to change, diversity 

of learning styles, and lack of time for its 

effective implementation in curriculum plans 

(Marzano, 2003).  

 

 The following graphs represent the 

evolution of publications per year, the main 

journals addressing the topic, and the countries 

with the highest number of research studies. The 

annual distribution of publications shows that 

there has been a consistent increase in annual 

publications, with one additional issue per year, 

reaching a maximum of eight publications in 

2023 and decreasing to six publications per year 

in 2024 (Figure 2). 

 

Box 2 

 
Figure 2 

Publications per year in the main journals addressing the 

topic 

Own Elaboration 

 The selected articles come from a wide 

variety of journals, the main ones being 

Educación y Sociedad, Revista Iberoamericana 

de Educación, Educación y Pedagogía, and 

Innovación Educativa, which stands out with six 

publications on the topic of case studies as a 

teaching strategy. The journal with the fewest 

publications is Ciencia Latina, with only two 

publications (Figure 3). 

 

Box 3 
 

 
Figure 3 

 Leading journals addressing the topic 

 Own Elaboration 

 

The countries that have published most 

on the topic of case methods as a teaching 

strategy are Mexico with six publications, 

followed by Spain, Colombia, Argentina and 

Chile with one publication each, and Chile with 

only two publications on the topic analysed 

(Figure 4). 

 

Box 4 
 

 
Figure 4 

Countries with the highest number of publications. 

Own Elaboration 

 

The word cloud generated from the 

systematic review on the case study method as a 

teaching strategy. This visualisation highlights 

key terms such as learning, students, teacher, 

critical, strategy, case, and education, which are 

central to the analysis of the object of study 

(Figure 5). 
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https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
https://www.tandfonline.com/doi/abs/10.1207/s15430421tip4102_2
https://archive.org/details/whatworksinschoo0000marz
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Box 5 
 

 
Figure 5 

Word cloud generated from the systematic review on 

the case study method as a teaching strategy 

 Own Work 

 

In the systematic review of the case study 

method, we worked on the research question: 

Define the central theme of the study: the 

benefits and limitations of the case study 

method. 

 

We consulted databases such as Scopus, 

Web of Science, and Google Scholar. 

Inclusion/exclusion criteria: Studies were 

filtered according to quality, recency, and 

thematic relevance. 

 

Box 6 
 

Diagrama Sankey-Revisión sistemática sobre el 

Método de Estudio de caso 

. 

Pregunta de 

investigación 

 Beneficios identificados 

Búsqueda en bases 

de datos 

 Limitaciones 

identificadas 

Criterios de 

inclusión/exclusión 

 Aplicaciones prácticas 

Estudios 

seleccionados. 

 Recomendaciones 

futuras 

 

Figure 6 

Sankey diagram. Systematic review of the case study 

method 

 Own Work. 

 

 The selected studies that met the criteria 

were analysed. The selected studies are derived 

from: 

 

 Identified benefits (such as critical 

development and practical application). 

Identified limitations (resistance to change, 

diversity of styles, lack of time). Practical 

applications (use in health sciences, teacher 

training, etc.). Future recommendations (more 

longitudinal studies and from the student 

perspective). 

 

Discussion 

 

The discussion of the findings derived from this 

systematic review highlights multiple relevant 

aspects of the use of the case study method as a 

teaching strategy in higher education. Firstly, the 

growing trend in publications between 2017 and 

2024 reflects a consolidated interest on the part 

of the academic community in its pedagogical 

value. This growing attention suggests that the 

case method has not only been adopted in 

different disciplines, but has evolved as an 

essential tool for the comprehensive 

development of university students. 

 

 Several authors agree that the case 

method promotes active and contextualised 

learning. According to Panting et al. (2022), this 

approach facilitates the transfer of theoretical 

knowledge to practical situations, particularly in 

areas such as health sciences education. This 

direct relationship between theory and practice 

contributes to a deeper understanding of the 

content, which is essential in educational 

settings where knowledge must be applied 

immediately and effectively. 

 

 Likewise, case studies allow students to 

explore complex problems from a critical 

perspective. Ríos and Ortega (2020) highlight 

that this methodology encourages argumentation 

and logical reasoning, which are fundamental 

skills in teacher training. The learning that 

derives from these analytical dynamics is 

consolidated as meaningful because it is linked 

to the student's experience and reality. Added to 

this is the opinion of Zimmerman (2002), who 

points out that metacognition—a skill fostered 

by case studies—strengthens autonomous 

learning and self-regulation. 

 

 However, the challenges involved in the 

effective implementation of this teaching 

strategy cannot be ignored. Among the main 

limitations identified is resistance to change on 

the part of teachers and students (Marzano, 

2003). Many actors in the education system 

continue to operate according to traditional 

models, focused on the transmission of content, 

which hinders the integration of participatory 

and constructivist methodologies such as case 

studies. Overcoming this resistance requires a 

cultural and pedagogical transformation within 

higher education institutions. 

 

https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://www.tandfonline.com/doi/abs/10.1207/s15430421tip4102_2
https://archive.org/details/whatworksinschoo0000marz
https://archive.org/details/whatworksinschoo0000marz
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 In addition, variability in learning styles 

must be considered. Not all students respond 

optimally to the same type of teaching stimulus. 

In this sense, case studies, which require high 

levels of analysis, critical reading and 

argumentation, can represent an additional 

challenge for those with a preference for more 

structured or guided methodologies. The 

solution, according to Brophy (2001), lies in 

diversifying pedagogical strategies that 

accompany the case study with complementary 

teaching resources. 

 

 Another critical point is the time required 

to effectively implement this strategy. 

Educational institutions, by prioritising broad 

content coverage, often do not allow for the 

space necessary to apply the case method with 

the depth it deserves. This limitation means that, 

for the case study to be effective, it must be 

considered a structural part of the curriculum 

design and not an isolated activity. 

 

Analysis 

 

The analysis of the articles selected using the 

PRISMA protocol provided a precise answer to 

this research question. The benefits and 

limitations identified were organised according 

to thematic frequency and the pedagogical value 

attributed by the studies reviewed. 

 

Main benefits identified: 

 

Meaningful and contextualised learning. The 

case study method facilitates the connection 

between theoretical content and the practical 

reality of the student. This encourages active 

learning and promotes the retention of 

knowledge relevant to the professional world 

(Stake, 2013; Guevara, 2023). 

 

 Development of higher cognitive skills. 

Studies such as those by Ríos and Ortega (2020) 

report that case analysis stimulates critical 

thinking, logical argumentation, and informed 

decision-making, which are essential skills in the 

training of professionals. 

 

 Strengthening autonomy and self-

regulation. The method was found to promote 

student autonomy by encouraging self-

reflection, self-control, and learning planning 

(Zimmerman, 2002), key elements in higher 

education settings. 

 

 Applicability in complex contexts. 

Particularly in disciplines such as health and 

teacher training, the method allows real 

problems to be simulated and addressed, 

reinforcing students' professional preparation 

(Panting et al., 2022). 

 

Main limitations identified: 

 

Resistance to methodological change. Both 

teachers and students may resist active strategies 

because they are accustomed to expository 

methods. This resistance hinders the effective 

implementation of case studies (Marzano, 2003). 

Diversity of learning styles. Not all students 

respond with the same effectiveness to case 

analysis, which requires methodological 

adjustments and complementary strategies 

(Brophy, 2001). 

 

 Curricular and time constraints. The 

integration of the method requires adequate 

curricular space for in-depth case exploration. 

The rigidity of academic programmes may limit 

its systematic use. 

 

 The review shows that the case study 

method is highly valued in academic literature 

for its positive effects on active learning, 

especially when it is oriented towards the 

development of complex skills and 

comprehensive professional training. However, 

its effective adoption depends on institutional, 

didactic, and attitudinal factors, which 

underscores the importance of training teachers 

in its correct implementation and adapting 

curricula to favour its use. 

 

Conclusion 

 

Based on the analysis of academic literature 

compiled between 2017 and 2024, this 

systematic review has reaffirmed the relevance 

of the case study method as a comprehensive and 

transformative pedagogical strategy in higher 

education. Its implementation contributes 

decisively to the development of critical skills, 

student autonomy, the application of knowledge 

and the strengthening of reflective practice in 

real contexts. 

 

 

 

 

 

https://files.eric.ed.gov/fulltext/ED440066.pdf
https://archive.org/details/multiplecasestud0000stak
https://educiencia.uat.edu.mx/index.php/Educiencia/article/view/237
https://www.scielo.br/j/ep/a/HqFRCpXb4pg74f7dwdMtfxd/?lang=es
https://www.tandfonline.com/doi/abs/10.1207/s15430421tip4102_2
https://dilemascontemporaneoseducacionpoliticayvalores.com/index.php/dilemas/article/view/3062
https://archive.org/details/whatworksinschoo0000marz
https://files.eric.ed.gov/fulltext/ED440066.pdf
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 Firstly, the evidence suggests that case 

studies are particularly effective in educational 

contexts where a direct connection between 

theory and practice is required. Degree 

programmes focused on the professional 

handling of complex issues—such as teaching, 

psychology, medicine, or social work—find in 

this methodology a way to bring students closer 

to the real conditions of professional practice, 

thus strengthening their capacity for analysis, 

ethical judgement, and decision-making. 

 

 Likewise, the method promotes a 

participatory and collaborative learning 

environment. Far from being limited to the one-

way transmission of knowledge, this strategy 

invites students to construct meaning from 

experience, which coincides with the 

fundamentals of meaningful learning and the 

constructivist approach. 

 

 Through the analysis of real or simulated 

cases, students develop communicative, 

interpersonal, and metacognitive skills that 

would be difficult to cultivate in a lecture-based 

setting. However, in order to achieve the desired 

effectiveness, it is essential that its 

implementation be accompanied by favourable 

institutional conditions.  

 

 This includes continuous teacher 

training, the redesign of curricular spaces that 

prioritise analysis and discussion, and the 

development of authentic assessment tools that 

reflect the level of critical thinking achieved by 

students. 

 

 Another relevant aspect that emerges 

from this review is the need to adapt the method 

to the characteristics and needs of the student 

body. Not all groups respond in the same way to 

the challenges of case-based learning. Therefore, 

the design of these cases must consider aspects 

such as the level of complexity, the cultural and 

social context, and the available resources. This 

adaptability is key to ensuring inclusion and 

educational equity. 

 

 In terms of future lines of research, it is 

worth highlighting the advisability of 

developing longitudinal studies that evaluate the 

sustained impact of the case study method on the 

academic and professional trajectories of 

graduates.  

 

 It is also recommended to delve deeper 

into students' perceptions of the usefulness of the 

method, as well as its integration into hybrid and 

virtual educational modalities, which have 

become particularly relevant in the post-

pandemic context. 

 

 Finally, this review concludes that the 

case study, far from being just one technique 

among many others, should be conceived as a 

teaching philosophy that places the student at the 

centre of the educational process. In an 

increasingly interconnected, complex and 

changing world, educating citizens to be critical, 

creative and committed to their environment is a 

priority. The case study method offers a solid 

pedagogical approach to moving in that 

direction. 
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Abstract 

  

This research was carried out in a secondary school in the municipality of Chenalhó, 

Chiapas, Mexico; where games such as the chemistry pyramid, create your words 

with chemical symbols, guess what element I am, snakes and ladders and Quimi 

trivial were used, with the objective of evaluating the efficiency of educational 

games as a complementary tool in learning the periodic table of chemical elements 

with Tzotzil secondary school students. A quantitative approach was used, with a 

quasi-experimental design, in which a total of forty-eight (48) students participated, 

twenty-six (26) experimental group, twenty-two (22) control group. Using a Pre-

test and Post-test of performance and a Likert Scale perception survey. The results 

showed that the application of educational games significantly increased student 

learning. In addition, the survey revealed that students enjoyed the games and 

recommended that they be used to learn chemistry. 

 

 

 
 

Chemistry, Educational Games; Constructivism; Rural Context; Secondary 

Education 

 

 

 

Resumen 

 

La presente investigación se realizó en una escuela Secundaria del municipio de 

Chenalhó, Chiapas, México; donde se utilizaron juegos como la pirámide de la 

química, crea tus palabras con símbolos químicos, adivina que elemento soy, 

serpientes y escaleras y Quimi trivial, con el objetivo de evaluar la eficiencia de 

juegos didácticos como una herramienta complementaria en el aprendizaje de la 

tabla periódica de los elementos químicos con los alumnos Tzotziles de secundaria. 

Se utilizó un enfoque cuantitativo, con un diseño cuasi-experimental, en el que 

participaron un total de cuarenta y ocho (48) estudiantes, veintiséis (26) grupo 

experimental, veintidós (22) grupo control. Empleando un Pre-test y Pos-test de 

rendimiento y una encuesta de percepción tipo Escala de Likert. Los resultados 

evidenciaron que la aplicación de los juegos educativos incrementó 

significativamente el aprendizaje de los estudiantes. Además, la encuesta reveló 

que, los estudiantes disfrutaron de los juegos y recomendaron que se utilice para 

aprender química.   

 

 
 

Química, Juegos educativos; constructivismo; contexto rural; Educación 

secundaria 
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Introduction  

 

Currently, the goal is to get students to improve 

the comprehension of knowledge acquired in the 

classroom, but this has not been easy to achieve. 

It has been observed that the main problem 

students have with understanding chemistry, 

specifically the periodic table, lies in 

the inadequate didactic and methodological 

treatment used by teachers for its instruction, 

supplemented by the students' memorization 

difficulties when learning the symbols of the 

chemical elements  [Llivicura y López, 2023].  

 

The periodic table has been one of the 

most powerful tools in modern science, from 

secondary school to upper secondary level, 

constituting the basis of chemistry instruction 

[Flores et al., 2022]. However, studies 

conducted in various countries internationally 

and in Latin America have shown a lack of 

student interest in learning chemistry, which is 

considered a science that uses complex and 

abstract language, is disconnected from reality, 

and has little practical utility, generating 

an attitude of apathy in students [Acosta et al., 

2021].  

 

What is described above is reflected in 

a considerable drop in university 

students pursuing scientific careers, opting for 

other disciplines. In fact, this lack of interest is 

already noticeable in secondary education, 

which is an area that garners less interest among 

adolescents [Álvarez-Herrero y Valls-Bautista, 

2021].  

 

In response to this situation, chemistry 

instruction in secondary education has sought to 

promote educational innovation dynamics to 

transform the didactic dimension of the 

educational process by modifying the purposes 

and characteristics of teaching, overcoming 

the traditional approach that focuses on the oral 

transmission and written reproduction of 

theoretical disciplinary knowledge [Suárez et al., 

2019].  

 

Through constructivism, Game - Based 

Learning (GBL) is currently a concept that has 

been extensively applied to develop educational 

strategies focused on natural sciences, such as 

chemistry, promoting active 

participation, critical thinking, and problem-

solving, while fostering students' interest and 

motivation  [Patiño y Garzón, 2024].  

Games are tools that help teachers in 

teaching knowledge through an active 

methodology aimed at arousing student interest 

so they can fully develop their learning 

(emotional, cognitive, and behavioral), 

improving motivation, participation, and 

stimulation, and promoting their identity 

[Higueras-Rodríguez y Molina-Ruíz, 2020].  

 

Educational games in science instruction 

could boost the retention of chemical 

concepts, problem-solving, and learning, and, 

above all, break with the traditional models of 

the teaching-learning process. This is because 

they have been a constructivist methodological 

strategy that can enhance meaningful 

learning and increase interest, decreasing 

students' fear of chemistry and the periodic table 

[Marcano, 2020; Hassan y Shafiq, 2023].  

 

Statement of the Problem 

 

Education in Mexico shows a great lack of 

interest in science in secondary school, reflected 

in the PISA 2022 evaluation results, where the 

country ranked third among the worst-

performing countries, with an average score of 

407. Around 49% (OECD average: 76%) 

reached Level 2 in Science, and a minority 

achieved Level 5 or 6 (OECD: 7%), showing 

a 9-point drop compared to the 2018 edition 

[Organization for Economic Cooperation and 

Development [Organization for Economic 

Cooperation and Development [OCDE], 2023].  

 

Science education in Mexico, according 

to the INEE, has been a challenge for basic-level 

teachers in urban, rural, and indigenous areas. 

The quality of education in indigenous zones has 

been lower compared to the country's urban 

centers [Flores et al., 2022].  Moreover, Chiapas 

has a great diversity of indigenous groups; in 

2020, 5.3% of the population aged 3 to 17 (1.7 

million) were indigenous speakers. Due to high 

poverty rates, it has also been considered the 

State with the greatest educational gap in the 

country, [Network for Children's Rights in 

Mexico [REDIM], 2023] 

 

The community of Belisario Domínguez 

is located in the municipality of Chenalhó, 

belonging to the Highlands of Chiapas, Mexico.  

 

 

 

https://doi.org/10.47460/minerva.v4i10.110
https://doi.org/10.22201/fq.18708404e.2022.4.0.81018
https://doi.org/10.36260/rbr.v10i6.1324
https://doi.org/10.36260/rbr.v10i6.1324
https://doi.org/10.30935/scimath/10947
https://doi.org/10.30935/scimath/10947
https://doi.org/10.22201/fq.18708404e.2019.3.68209
https://doi.org/10.22201/fq.18708404e.2019.3.68209
https://doi.org/10.35575/rvucn.n71a5
https://doi.org/10.30827/profesorado.v24i1.8677
https://doi.org/10.35811/rea.v10i0.96
https://doi.org/10.58444/jcte.v6i1.732
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https://goo.su/S36ARdr
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The predominant language in this 

community is Tzotzil, highlighting social 

marginalization, the digital divide, and the lack 

of educational resources during instruction in 

basic-level educational centers, which 

disadvantages science education for students due 

to the lack of comprehension of abstract 

concepts. This negative attitude was evidenced 

in the results of the diagnostic evaluation for the 

2023-2024 school year. 3° A obtained an 

average of 6.2 and 3° B obtained an average of 

5.8, taking into account other criteria that helped 

obtain the final average, as the general test 

average alone was below 4 in both groups. 

 

Poor study habits, lack of parental 

support, and deficiencies in their context have 

influenced chemistry instruction to be oriented 

towards a traditional system. Furthermore, many 

students do not attend classes regularly, as they 

travel from different hamlets or nearby 

communities such as Bachen, San Antonio 

Caridad, San José, among others. In addition, in 

the afternoons, most are dedicated to farm work, 

neglecting their extracurricular assignments due 

to the context's deficiencies..  

 

Chemistry has its own language, based 

on the periodic table of elements. Its correct 

learning and handling are very important as the 

foundation for knowledge of this science, but its 

instruction has focused on rote, repetitive 

knowledge, causing displeasure and frustration 

in students due to the scarcity of tools that 

facilitate topic comprehension [Marcano, 2020].  

 

According to Franco-Mariscal et al., 

[2016]  learning difficulties with the periodic 

table among secondary students are classified 

into seven categories: a) memorizing instead of 

learning, b) incorrectly choosing concepts, 

c) lack of understanding of element properties, 

d) lack of notion of periodicity and perception of 

its usefulness, e) the complex and abstract nature 

of the concepts, f) the required reasoning, and 

g) deficiency in the teaching process. 

 

Based on the last category, Álvarez-

Herrero y Vall-Bautista [2021], indicate that 

learning the periodic table is a key tool for 

tackling chemistry learning in the third year of 

secondary school. However, its instruction has 

usually been imparted through an expository 

methodology, with lectures predominating, and 

consequently, students acquire a negative 

attitude towards chemistry. 

Objetive 

 

To evaluate the efficiency of educational 

games as a complementary tool in learning the 

periodic table of chemical elements for third-

grade Tzotzil students at Technical Secondary 

School No. 141 in the Belisario Domínguez 

community of the municipality of Chenalhó, 

Chiapas State. 

 

Methodology 

 

The research was conducted under a quantitative 

approach with a quasi-experimental design and 

a descriptive scope, to evaluate the effect of an 

independent variable (educational games) on a 

dependent variable (academic performance and 

perception) through a control group and an 

experimental group [Hernández-Sampieri y 

Mendoza, 2018]. Through this method, the 

following two hypotheses were established: 

  

H1: The application of educational games 

improves the academic performance of third-

grade Tzotzil students at Technical Secondary 

School No. 141 in the Belisario Domínguez 

community of the municipality of Chenalhó, 

Chiapas State, in learning the periodic table of 

elements. 
H2: The perception of third-grade Tzotzil 

students at Technical Secondary School No. 141 

in the Belisario Domínguez community of the 

municipality of Chenalhó, Chiapas State, is high 

regarding the use of educational games for 

learning the periodic table of elements. 

 

Sample 

 

The study worked with intact groups. The 

selection of the experimental group was made 

based on the results of the school year's 

diagnosis and the Pre-test, with 3° B showing 

greater difficulty in learning. Therefore, the 3° A 

group was selected as the control group. 

 

During the intervention, students 

had irregular attendance due to the contextual 

situations mentioned previously. Therefore, 

students with regular absences were excluded 

from the research because it could affect the 

validity of the results. Of the 71 students 

enrolled in 3rd grade, a total of 22 students from 

3° A and 26 students from 3° B were considered 

for the research study. The gender distribution 

was composed of 64% women and 36% men in 

3° A, and 62% women and 38% men in 3° B. 

https://doi.org/10.35811/rea.v10i0.96
https://doi.org/10.1021/acs.jchemed.5b00846
https://doi.org/10.1021/acs.jchemed.5b00846
https://doi.org/10.30935/scimath/10947
https://doi.org/10.30935/scimath/10947
https://goo.su/EXXr2J
https://goo.su/EXXr2J
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Data Collection Instruments 

 

To measure academic performance (dependent 

variable), a Pre-test and a Post-test were applied, 

designed and validated by the 3rd Grade teacher 

at Technical Secondary School No. 141 in 

Belisario Domínguez, Chenalhó. Bloom's 

taxonomy was used for the design of both 

tests. According to Masapanta-Carrión y 

Velázquez-Iturbide [2017], Bloom's taxonomy 

has been a model that allows classifying the level 

of learning expected to be achieved by students 

in a given discipline. The Pre-test consisted of a 

total of 20 questions, according to the first three 

levels of Bloom's taxonomy. The Post-

testconsisted of the same 20 questions as the Pre-

test plus 5 questions classified according to level 

4 of Bloom's taxonomy.  

 

Box 1 
 

Table 1 

 Characteristics of the instrument questions 
 

Numeration Indicators Type of question  

1 a 5 Remembering   Multiple choice with single 

answer  

6 a 10 Understanding   Multiple choice with single 

answer 

11 a 20 Applying  Open (structured, with a 

single response option)  

21 a 25 Analyzing   Open (structured, with a 

single response option) 

 
  Source: Own elaboration adapted from Tornero et al. 

(2015). 

 

Questions 1 to 20 of the Pre-test and 1 to 

25 of the Post-test have a single answer; the 

scoring consisted of one (1) point if correct or 

zero (0) if incorrect. The frequency of the 

number of correct answers at each level was 

adjusted to a score from 0 to 10 and then 

classified into the performance levels or 

categories used at Technical Secondary School 

No. 141. 

 

Box 2 
 

Table 2 

Performance levels  

 
Performance level Scoring scale 

utstanding 10 

Satisfactory 8 – 9.9 

Sufficient 6 – 7.9 

Insufficient ≤5- 5.9 

 
Source: Scoring scale taken from Agreement number 

648 establishing genera norms for evaluation, 

accreditation, promotion, and certification in basic 

educationl. 

In this research, normality tests were 

performed on all variables using the Shapiro-

Wilk test (sample < 50 data)  [Flores y Flores, 

2021]. The PSPP application version 1.6.2-

g78a33a was used. The difference between the 

Pre-test and Post-test of both groups was 

analyzed, and a p-value of 0.52 was obtained, 

which is greater than 0.05 (p > 0.05). Therefore, 

the data are parametric, following a normal 

distribution, as shown in Figure 1. Consequently, 

the t-Student parametric test for the calculation 

of the mean difference was applied, which 

allowed validating hypothesis H1 of the research 

work. 

 

Box 3 
 

 
 

Figure 1 

Shapiro-Wilk statistic Figure of the Pre-test and Post-

test difference for data normality. Source: Research 

data 

      Source: Research data. 

 

In the Figure above, it is observed that 

most of the data points are close to the indicated 

line, thus following a normal distribution. On the 

other hand, for the perception variable, a survey 

of 12 questions related to the use of educational 

games for learning chemistry was applied. The 

instrument was designed using the Likert scale, 

which consists of five response alternatives. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://hdl.handle.net/10400.21/11981
http://hdl.handle.net/10400.21/11981
https://doi.org/10.5294/edu.2015.18.2.5
https://doi.org/10.5294/edu.2015.18.2.5
https://revistas.up.ac.pa/index.php/societas/article/view/2302
https://revistas.up.ac.pa/index.php/societas/article/view/2302
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Box 4 
 

Table 4 

Survey to measure perception 

 

Questions 
T

 S
tr

o
n
g

ly
 A

g
re

e 

A
g

re
e 

N
eu

tr
al

 

D
is

ag
re

e 

S
tr

o
n

g
ly

 D
is

ag
re

e 

1. Compared to traditional classes, 

do you think board games make 
classes more dynamic? 

     

2. Do you think board games are 

simple and easy to use? 

     

3. Do you think educational games 
in class help you improve your 

learning in a fun way? 

     

4. Do you think the games generated 

greater interest and participation in 
your learning? 

     

5. Do the games allow you to search 

for information in your notes to 
solve learning challenges? 

     

6. Do you think the games help you 

better understand your learning? 

     

7. Are you satisfied with your 
results obtained in the games? 

     

8. Do you like learning by playing 

in chemistry class? 

     

9.  Should games be included in the 
other topics of the chemistry 

subject? 

     

10. Would you get involved in 
designing a game for chemistry 

topics? 

     

11. Would you like to use 

educational games in other subjects 
for your learning? 

     

12. Would you recommend the 

educational games to your 
classmates for their learning? 

     

 

  Source: Own elaboration 

 

To calculate the reliability of the 

instruments, a pilot test was applied to 20% (14) 

students. The reliability of the Pre-test and Post-

test was determined using the Kuder-Richardson 

coefficient formula, and the perception survey 

using the Cronbach's alpha method, utilizing the 

PSPP program. 

 

Box 5 
 

Table 5 

Reliability coefficients 

 

Instruments  
No. of 

questions 
Coefficients 

Pres test 20 α= 0.75 

Post test 25 α=0.72 

Surveys 12 α=0.70 

  Sourcee: Research data. 

 

According to the range established by 
Ruíz [2013], a high reliability was obtained for 

the instruments used in the research process. 

For the validation of the instruments, 

the Content Validity method through expert 

judgment proposed by Hernández-Nieto (2002) 

cited in Pedrosa et al. [2014]. was used. The 

selection of experts was based on three criteria 

established by Skjong y Wentworth [2001], 

teaching experience, academic background, and 

being active in the educational system. Table 6 

shows the results of the instrument validity. 

 

Box 6 
 

Table 6 

Validity by expert judgment 

 
Instruments  Coefficients  

Pres test 0.93 

Post test 0.93 

Surveys 0.95 

 
Source: Research data 

 

Intervention Development 

 

The study intervention was carried out through 

the following phases: 

 

Phase 1. Study Presentation 

 

The researchers went to Technical Secondary 

School 141 in Belisario Domínguez to request 

authorization from the school principal, to whom 

the study objective was presented, and the 

project's impact was explained. 

 

Phase 2. Study Authorization  

 

A consent form was presented to the principal to 

grant permission to conduct the study with the 

two 3rd Grade student groups. This authorized 

the students to participate in the study, allowing 

the designed instruments and photoFigures to be 

taken during the study intervention. 

Subsequently, a timeline of activities was 

designed for the intervention development. 

 

Phase 3. Game Design  

 

For the selection and elaboration of the games, 

the students' prior experience with games during 

different stages of their growth was considered 

through a survey. The aim was for students to 

become familiar with the games, making the 

activity development more productive, fun, and 

less monotonous [Llivicura y López, 2023].  

 

 

https://goo.su/fUmlgoB
https://doi.org/10.5944/ap.10.2.11820
https://goo.su/9wbnfzD
https://doi.org/10.47460/minerva.v4i10.110
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Box 7 
 

 
 

Figure 2 

Question 1. What traditional board games have you 

played? 

Source: Research data 

 

Box 8 
 

 
Figure 3 

Question 2. What is your favorite board game? 

      Source: Research data 

 

Box 9 
 

 
Figure 4 

Question 3 Which of those games do you find most 

difficult? 

      Source: Research data 

 

Box 10 
 

 
Figure 5 

Question 4. Which traditional games would you like to 

adapt to the chemistry subject? 

      Source: Research data 

The students indicated that the different 

games they have played were: 10% chess, 13% 

cards, 12% lotería (Mexican bingo), 38% snakes 

and ladders, 15% puzzles, and 12% had not 

played board games. They also indicated that the 

games they would like to adapt to learning the 

periodic table were: 19% cards, 11% 

lotería, 33% snakes and ladders, 11% puzzles, 

and 26% were unsure.  

 

Based on the literature and student 

preference, five educational games were 

designed, in accordance with Dos Santos y 

Franco [2021], Plutin-Pacheco y García-López 

[2016], Marcano [2020]  y Ramírez [2017]. A 

detailed explanation of the content, objectives, 

and established rules was provided. 

 

Box 11 
 

Tabla 7 

The educational games 

 
Games Objetive 

The Chemistry 

Pyramid (cube 

puzzle). 

To become familiar with chemical 

elements. 

Create your 

words with 

chemical 

symbols. 

To become familiar with chemical 

symbols. 

Guess What 

Element I Am. 

To identify and recognize the 

characteristics of chemical 

elements. 

Snakes and 

Ladders 

To identify groups, periods, and 

classification of chemical elements. 

Quimi trivial. To recognize the history of the 

periodic table and identify 

characteristics, organization, 

classification, and periodic 

properties. 

 
  Source: Own elaboration 

 

The following intervention route was 

followed for their application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

10%

13%

12%

38%

15%

12%

Chess

Cards

Lottery

Snakes and Ladders

Puzzle

None

5%

17%

19%

43%

16%

Chess

Cards

Lottery

Snakes and Ladders

Puzzle

68%

12%

3%

7%

10%

Chess

Cards

Lottery

Snakes and Ladders

Puzzle

19%

11%

33%

11%

26%

Cards

Lottery

Snakes and Ladders

Puzzle

None

https://doi.org/10.26571/reamec.v9i1.10833
https://doi.org/10.26571/reamec.v9i1.10833
http://scielo.sld.cu/scielo.php?pid=S2224-54212016000200007&script=sci_arttext&tlng=pt
http://scielo.sld.cu/scielo.php?pid=S2224-54212016000200007&script=sci_arttext&tlng=pt
https://doi.org/10.35811/rea.v10i0.96
https://www.researchgate.net/publication/336275984_Juegos_Una_herramienta_en_el_aprendizaje_de_quimica_en_secundaria
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Box 12 
 

 
 

Figure 6 

Intervention route for educational games  

      Source:Own Elaboration 

 

Box 13 
 

 
 

Figure 7 

Examples of Cards designed for the Guess What 

Element I Am game. 

Source: Own Elaboration 

 

Box 14 
 

 
 

Figure 8 

Snakes and Ladders Game 

      Source: Own Elaboration 

Box 15 
 

 
 

Figure 9 

Quimi trivial game 

      Source: Own elaboration. 

 

Phase 4. Intervention  

 

In the first class session, the topic The Periodic 

Table and the organized activities on the 

timeline were presented. Subsequently, the Pre-

test was applied to determine the students' prior 

knowledge. 

 

In the next session, an introduction to the 

periodic table was provided, and a projection 

was used to generally explain its organization 

and classification, as well as its importance in 

daily life. 

 

Box 16 
 

 
 

Figure 10 

Presentation of the periodic table  

      Source: Own Creation 
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In addition, the time travel activity was 

carried out, in which teams of students were 

provided with cards containing information 

about relevant scientists who made contributions 

to the development of the periodic table.  

 

Box 17 
 

 
 

Figure 11 

Time travel activity  

      Source: Own Creation 

  

In the following days, the adapted games 

were developed for topic reinforcement. The 

objective, learning purpose, and rules to follow 

were established for each game. 

 

Box 18 
 

 
 

Figure 12 

The Chemistry Pyramid game  

      Source: Own Creation 

 

 

 

 

 

 

Box 19 
 

 
 

Figure 13 

Create Your Words with Chemical Symbols game 

      Source: Own Creation 

 

Box 20 
 

 
 

Figure 14 

Guess What Element I Am game  

      Source: Own Creation 

 

Box 21 
 

 
 

Figure 15 

Snakes and Ladders game  

Source: Own Creation 
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Box 22 
 

 
 

Figure 16 

Quimi trivial game 

      Source: Own Creation 

 

Phase 5. Final Data Collection  

 

In the last session, the Post-test was applied to 

assess the students' acquired learning of the 

periodic table through educational games. 

Subsequently, the perception survey was 

applied to determine their perception regarding 

the development of the designed activities. 

 

Results 

 

Academic Performance. 

 

Box 23 
 

Table 8 

Control group Pre-test scores 

 

G
ru

p
 

P
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a
n
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S
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n
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Pre test 

F
re

q
u

en
cy

 

%
 o

f 
S

tu
d

en
ts

 

%
 o

f 
P

a
ss

er
s 

C
o

n
tr

o
l 

 

Outstanding 10    

Satisfactory 8 – 9.9    

Sufficient 6 – 7.9 4 18.2 18.2 

Insufficient ≤5- 5.9 18 81.8  

Total  22 100 18.2 

 
  Source: Research data 

 

 

 

 

 

 

Box 24 
 

Table 9 

Control group Post-test scores 

 

G
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p
 

P
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a
n
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ev
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n
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Post test 

F
re

q
u

en
cy

 

%
 o

f 
S

tu
d

en
ts

 

%
 o

f 
P

a
ss

er
s 

C
o

n
tr

o
l 

 

Outstanding 10    

Satisfactory 8 – 9.9 4 18.2 18.2 

Sufficient 6 – 7.9 7 31.8 31.8 

Insufficient ≤5- 5.9 11 50.0  

Total  22 100 50 

 
  Source: Research data 

 

Box 25 
 

Table 10 

Experimental group Pre-test scores. 

 

G
ru

p
 

P
er

fo
rm

a
n
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L
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S
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g
 S
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 Pre test 

F
re

q
u
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%
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f 
S
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d
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%
 o

f 
P

a
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s 

E
x

p
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Outstanding 10 0 0  

Satisfactory 8 – 9.9 1 3.8 3.8 

Sufficient 6 – 7.9 3 11.5 11.5 

Insufficient ≤5- 5.9 22 84.7 0 

Total  26 100 15.3 

 
  Fuente: Source: Research data 

 

Box 26 
 

Table 11 

Experimental group Post-test scores. 

 

G
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p
 

P
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a
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 Post test 

F
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q
u
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%
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f 
S
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d
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%
 o

f 
P

a
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s 

E
x

p
. 

Outstanding 10 0 0  

Satisfactory 8 – 9.9 11 42.3 42.3 

Sufficient 6 – 7.9 11 42.3 42.3 

Insufficient ≤5- 5.9 4 15.4 0 

Total  26 100 84.6 

 
  Source: Research data 

 

 



10 

Journal High School                                                                9[20]1-15: e3920115 

Article 
 

 ISSN:2523-0336 

RENIECYT-SECIHTI: 1702902 

ECORFAN® All rights reserved 

 

Osorio-Gutierrez, Karina, Gordillo-Espinoza, Emmanuel, Trejo-Trejo, 
Gilberto Abelino and Domínguez-Gutú, Jesús. [2025].  Educational 

games as an alternative for teaching the periodic table to Tzotzil 

secondary school students. Journal High School. 9[20]1-15: e3920115 
https://doi.org/10.35429/JHS.2025.9.20.3.1.15 

 

Box 27 
 

 
 

Figure 17 

Percentage of Bloom's taxonomy for the Control Group 

and Experimental Group Pre-test.  

 

      Source: Research Data 

 

Box 28 
 

 
 

Figure 18 

Percentage of Bloom's taxonomy for the Control Group 

and Experimental Group Post-test.  

      Source: Research Data 

 

In the Post-test, both groups obtained a 

high percentage in the Remembering level 

(basic information on the history of the periodic 

table), regardless of the teaching strategy used. 

In the Understanding level, the control group 

obtained 64.5%, similar to the Pre-test result 

(64.4%). This was concerning, as it suggests that 

students had difficulty comprehending concepts 

when applying a traditional approach to 

understanding the main concepts of the periodic 

table. On the other hand, the experimental group 

in the Understanding of concepts obtained a 

percentage of 69.2%, which is higher than the 

Pre-test (60.8%), with an 8.4% difference in 

favor of the Post-test, showing a slight mastery 

compared to the control group. 

In the Applying level, the control group 

obtained a percentage of 61.2%, and the 

experimental group obtained 82.0%, showing 

a 20.8% difference in favor of the experimental 

group, demonstrating greater mastery in 

knowledge of the periodic table's organization 

and the identification of periodic properties. 

 

In the Analyzing level, the control group 

obtained a percentage of 50.6%, and the 

experimental group obtained 66.8%, showing 

a 16.2% difference in favor of the experimental 

group, demonstrating better mastery in 

interpreting complex information and 

understanding the relationships between them, 

such as the identification of characteristics, 

organization, classification, and properties of 

chemical elements. 

 

For the validation of hypothesis (H1), 

the t-Student parametric test for independent 

samples was performed. A p-value of 0.00 was 

obtained, which is less than 0.05 (p < 0.05). 

Therefore, a significant difference exists; the 

null hypothesis is rejected, and the researcher's 

hypothesis is accepted: The application of 

educational games as a complementary tool for 

the periodic table of elements significantly 

improves the learning of third-grade Tzotzil 

students at Technical Secondary School No. 141 

in the Belisario Domínguez community of the 

municipality of Chenalhó, Chiapas State. 

 

These results are similar to those found 

by [Alejandria et al., 2023] , who performed an 

independent samples t-Student test with a p-

value of 0.01 < 0.05, concluding that the 

educational board game is effective for learning 

periodic table concepts. Similarly, [Valdiviezo y 

Zaldívar, 2023], upon applying a related samples 

t-Student test, obtained a p-value < 0.05; 

therefore, it can be affirmed that statistically 

significant differences exist between the means 

obtained in the Post-test of the control and 

experimental groups when implementing 

various games, including the three-dimensional 

puzzle game, and they concluded that simple 

games favor learning the periodic table, 

improving students' academic performance, 

motivation, and attitude. Also, [Marcano, 2020], 

who performed an independent samples t-

Student test, obtained a p-value of 0.02, 

determining that the application of educational 

games significantly influences student learning 

when using games such as Chemical Jenga, 

Quica, the atomic deck, and Guess What 

Element I Am. 
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Likewise, [Llivicura y López, 2023] in 

their research study indicated that the application 

of educational games as a strategy for teaching 

the periodic table significantly influenced 

student learning at a significance level of 0.05, 

through the t-Student test, demonstrating that 

games create a dynamic classroom environment 

through the implementation of this type of 

methodology, improving student attention. 

 

Perception 

 

The results of the survey applied to students 

regarding the use of educational games as a 

complementary tool in learning the periodic 

table are shown in Table 12 through analysis 

using Excel and PSPP software. 

 

Box 29 
 

Table 12 

Rating scale 

 

Category 

S
tr

o
n

g
ly

 A
g
r
ee

 

A
g

r
ee

 

N
e
u

tr
a
l 

D
is

a
g

re
e 

S
tr

o
n

g
ly

 

D
is

a
g

re
e 

Ítems 

1 92.3 7.7    

2 50.0 15.4 26.9 7.7  

3 100.0     

4 73.1 19.2 7.7   

5 65.4 26.9 7.7   

6 61.5 30.8 7.7   

7 61.5 23.1 15.4   

8 92.3 3.8 3.8   

9 76.9 11.5 11.5   

10 57.7 11.5 11.5 19.2  

11 84.6 15.4    

12 92.3 7.7    

 
  Source: Research data 

 

Box 30 
 

 
Figure 19 

Statistical distribution for each response category     

Source: Research data 

Box 31 
 

 
Figure 20 

Mean and standard deviation of the educational games 

perception survey 

Source: Research Data 

 

All response means are ≥ 4.08, indicating 

that the use of educational games had great 

acceptance by the students. 

 

Furthermore, students considered that the 

games help them better understand their 

learning (item 6), with a mean of 4.56. Item 3 

stands out from the survey (Do you think 

educational games in class help you improve 

your learning in a fun way?), with a 100% 

percentage and a mean of 5 points, followed by 

item 8 (Do you like learning by playing in 

chemistry class?) and item 12 (Would you 

recommend the educational games to your 

classmates for their learning?), with a mean ≥ 

4.89. Finally, item 1 (Compared to traditional 

classes, do you think board games make classes 

more dynamic?). 

 

Box 32 
 

 
 

Figure 21 

Percentage of perception of educational games  

  Source: Research data 
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Box 33 
 

 
 

Figure 22 

Global percentage of perception of educational games. 

Source: Research data 

 

In the global Figure of the 12 items, 

student perception showed a high percentage as 

the vast majority of students were Strongly 

Agree and Agree. The games appear to improve 

the level of motivation to study chemistry, which 

allowed the validation of hypothesis H2 of the 

research work. 

 

Thus, the applied survey revealed that 

educational games are an effective 

complementary tool in learning the periodic 

table of chemical elements, as students enjoyed 

the games and recommended their application, 

leading to an increase in their motivation and 

demonstrating greater interest in the chemistry 

subject. 

 

These results are similar to those 

obtained by [Franco et al., 2016; Marcano, 2020; 

Alejandria et al., 2023], who obtained high 

percentages of satisfaction and acceptance in 

their perception surveys, demonstrating that 

educational games are of great pedagogical 

utility at all educational levels and that students 

consider the implementation of the playful 

method very necessary to improve their learning. 

 

Additionally, [Alejandria et al., 2023] 

mention that the periodic table of elements is 

an important topic for the teaching-learning of 

science at all educational levels. For this reason, 

games allow teaching chemistry at certain 

educational levels, not only improving academic 

performance, but also the subjective valuation of 

their knowledge.  

 
 
 
 
 

Conclusions 

 

It has been essential for teachers to be concerned 

about the teaching-learning of chemistry, since 

beyond the importance of the thematic content, 

it contributes to scientific and technological 

literacy. However, students have a negative 

image of it, maintaining the idea that it is a 

boring and, above all, difficult subject to 

understand. It has been shown that traditional 

methods, such as lectures based on 

memorization and interpretation, are often 

insufficient for teaching science [Patiño y 

Garzón, 2024]. In this sense, the present study 

has demonstrated that the application 

of educational games as a complementary tool in 

the classroom increases student learning, 

creating trusting learning environments. 

 

Although educational games did not 

show a clear advantage in the most basic levels 

of Bloom's Taxonomy (1 and 2), they were 

effective in improving students' abilities to apply 

and analyze their knowledge in new situations. It 

is possible that other factors, such as student 

characteristics or classroom conditions, may 

have influenced the results. 

 

Furthermore, it was evident that 

educational games positively influence the 

perception of learning the periodic table, 

demonstrating greater commitment and 

enthusiasm during activities related to the 

games, which suggests that these educational 

resources can be an effective tool to foster 

perception and generate greater motivation and 

interest in learning. 

 

This study has not only contributed to 

how educational games impact student learning 

but has also provided important information for 

integrating methodologies with innovative and 

creative approaches to promote meaningful 

learning. 

 

However, it is also important to note that 

this study presents certain limitations that could 

be addressed in future research, since, like any 

didactic strategy, the process of creating and/or 

developing educational games involves 

considering key processes, such as: the games 

being aligned with the specific learning 

objectives and the skills to be achieved, and the 

organization based on the prior knowledge and 

the personal and social skills that the group 

possesses.  

92.3 %

7.7 %

Strongly Agree

Agree

https://doi.org/10.1021/acs.jchemed.5b00846
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Therefore, it would be beneficial to 

explore other factors such as the learning style 

and the teacher's teaching style. Likewise, it 

would be relevant to investigate whether the 

observed benefits are maintained long-term and 

in different educational contexts. 

 

Additionally, based on the findings of 

this study, it is recommended that future research 

conducts separate studies for each educational 

game for better adaptation to the students' level 

and characteristics to enhance their learning and 

allow the identification of possible 

improvements and adjustments in the 

implementation of these educational strategies. 
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Abstract 

  

The present study was conducted at Technical Secondary School No. 96, Chalam, 

Mitontic, Chiapas. It focused on implementing the STEAM methodology with 

gamification to improve learning in Chemistry. The objective was to analyze 

academic performance and student perception regarding interest, motivation, and 

cooperative work. The study employed a quantitative methodological approach and 

a quasi-experimental design. Data was collected using Academic Performance 

Tests, Basic Science Interest Questionnaires, the Motivation and Learning 

Strategies Questionnaire Short Form (MSLQ-SF), and the Cooperative Learning 

Assessment Questionnaire (CAC). The results revealed that the STEAM 

methodology with gamification led to greater learning in the experimental group 

compared to the control group. Furthermore, students' perception of interest and 

motivation in learning Chemistry topics was high. Additionally, student perception 

regarding cooperative learning exceeded the initial research objective. This study 

contributes to understanding how these methodologies can significantly enhance 

the educational experience and foster greater student engagement in science 

learning. 

 

 
 

Gamification, STEAM, Chemistry. 

 

Resumen 

 
El presente estudio se realizó en la Escuela Secundaria Técnica No. 96, Chalam, Mitontic, 

Chiapas. Se enfocó en implementar la metodología STEAM con gamificación para 

mejorar el aprendizaje en Química. El objetivo fue analizar el rendimiento académico y 

la percepción de los estudiantes sobre el interés, la motivación y el trabajo cooperativo. 

El estudio empleó un enfoque metodológico cuantitativo y un diseño cuasi-experimental. 

Los datos se recolectaron utilizando Pruebas de Rendimiento Académico, Cuestionarios 

de Interés en Ciencias Básicas, el Cuestionario de Motivación y Estrategias de 

Aprendizaje Forma Corta (MSLQ-SF) y el Cuestionario de Evaluación del Aprendizaje 

Cooperativo (CAC). Los resultados revelaron que la metodología STEAM con 

gamificación condujo a un mayor aprendizaje en el grupo experimental en comparación 

con el grupo control. Además, la percepción de los estudiantes sobre el interés y la 

motivación en el aprendizaje de temas de Química fue alta. Además, la percepción de los 

estudiantes sobre el aprendizaje cooperativo superó el objetivo inicial de la investigación. 

Este estudio contribuye a comprender cómo estas metodologías pueden mejorar 

significativamente la experiencia educativa y fomentar un mayor compromiso de los 

estudiantes en el aprendizaje de las ciencias. 
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Introduction 

 

The advancement of science and technology has 

transformed the educational system. Traditional 

teaching methods, based on memorization and 

passive transmission of knowledge, are 

insufficient to prepare students for the 21st 

century. In this context, the STEAM (Science, 

Technology, Engineering, Art, and Mathematics) 

methodology, integrated with gamification, aims 

to enhance academic performance and foster 

greater interest, motivation, and cooperation 

among third-grade secondary school students 

enrolled at Technical Secondary School No. 96, 

located in Chalam, Mitontic Municipality, 

Chiapas. Integrating the STEAM approach into 

pedagogical designs through the use of 

gamification in the Chemistry educational 

context fosters interdisciplinary learning among 

students. Gamification is an effective catalyst for 

motivation and dynamic interaction among 

students (Cleophas, 2020).  

 

Gamification within the context of 

STEM education not only enhances the teaching 

and learning process but also fosters more 

effective exploration of disciplines at the 

secondary level. Furthermore, gamification was 

identified as a facilitator of meaningful learning, 

stimulating motivation and promoting the 

development of transversal skills. When 

technology is integrated, it provides students 

with an immersive experience in understanding 

curricular content and fosters emotional 

connection (Fuentes-Hurtado & Gonzalez-

Martínez, 2019). 

 

The gamification strategy applied in the 

subject of Chemistry through elements and 

techniques of games in the classroom seeks to 

facilitate the acquisition of knowledge, as well 

as stimulate creativity, motivation and 

meaningful learning (Paredes & Mello, 2021). 

On the other hand, given the lack of interest of 

students, through gamification we seek to 

motivate, teach, review and evaluate the 

concepts of Chemistry in order to awaken the 

interest of the student (Lozano & Sanchez, 2021) 

 

Problem statement 

 

Research conducted by the National Institute for 

the Evaluation of Education (NIEE, 2019) it 

mentions that 62% of high school students face 

a low level of learning in Science, showing a 

lack of scientific language, experimental skills 

and difficulty in organizing information.  

The lack of interest and low motivation 

is due to the lack of relevance of the contents in 

the daily lives of students, traditional and 

decontextualized teaching, as well as the 

absence of active and participatory 

methodologies that promote meaningful 

learning. 

 

In the state of Chiapas, science learning 

is worrying. Reports from the NIEE (2019) 70% 

of high school students have a low level of 

science learning. This problem impacts student 

development at the higher level.  

 

Within the context of Technical 

Secondary School No. 96, located in Chalam, 

Mitontic, Chiapas, students face challenges in 

the subject of Chemistry, since the student body 

is immersed in an indigenous community, and 

their native language is Tzotzil. The lack of 

interest and attention is an obstacle that impacts 

students, especially their concentration, 

motivation, and active participation in class. 

This problem results in the inadequate 

application of scientific language, a lack of 

experimental skills, poor team collaboration, 

difficulty organizing information, and 

suboptimal academic performance. 

 

Currently, scientific and technological 

advances have had a significant impact on 

education. The STEAM methodology emerges 

as a way to address these challenges through 

interdisciplinary integration, thus fostering 

critical thinking, creativity, problem-solving, 

and collaborative work among students. 

Gamification, on the other hand, applies game 

elements and mechanisms to non-game 

environments, proving to be an effective tool for 

motivating and engaging students. 

 

The combination of STEAM and 

gamification in this research allows for the 

creation of interactive and engaging learning 

environments where students face challenges, 

receive rewards, and receive immediate 

feedback, in addition to fostering collaboration 

with their peers. 

 

Objective 

 

The research focused on analyzing student 

academic performance and perceptions using 

STEAM methodology integrated with 

gamification in chemistry learning. 
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Methodology 

 

The research was developed under a quantitative 

approach with a quasi-experimental 

experimental design (Hernández-Sampieri & 

Mendoza, 2018), through groups formed before 

the experiment (intact groups), having as 

independent variable the STEAM methodology 

integrated with gamification during the 

intervention of the study, and as dependent 

variables the academic performance and the 

perception of students towards chemistry, 

therefore, the following hypotheses were 

established: 

  

H1: The STEAM methodology integrated with 

Gamification significantly improves student 

learning in the subject of Chemistry. 

 

H2: Students' perception is high regarding 

interest, motivation and cooperative work in the 

subject of Chemistry, by using the STEAM 

methodology integrated with gamification 

during their learning. 

 

Sample 

 

The study sample was non-probabilistic and 

purposive, consisting of two experimental 

groups with a total of 49 students and a control 

group of 23. Written authorization was requested 

from the school principal, who stated that the 

data collected would be treated confidentially 

and used for statistical purposes. The gender 

segmentation consisted of 34 females and 38 

males, between 14 and 15 years of age. 

 

Information gathering instruments 

 

As data collection instruments, an ad hoc test 

was applied to measure the variable "Academic 

Performance" which was integrated with 50 

dichotomous questions and thus evaluate the 

topic of "Chemical Bonds". To calculate the 

reliability of the dichotomous instrument, the 

Kuder-Richardson coefficient (KR20) was used 

using the R software, yielding a value of p = 

0.8919 located in the Very High magnitude 

range, being an instrument with an Acceptable 

reliability coefficient (Ruíz, 2013). 

 

 

 

 

 

 

To measure student perception, an 

instrument with three dimensions (Interest, 

Motivation and Cooperative Learning) was used; 

to measure interest, the “Questionnaire of 

Interest in Learning through Basic Sciences” 

was used (Garcia et al., 2020), composed of 16 

items, the “Short Form Motivation and Learning 

Strategy Questionnaire – MSLQ SF” was used 

to measure motivation (Sabogal et al., 2011), 

integrated with 20 items, and to measure 

Cooperative Learning the “Questionnaire for 

Measuring Cooperative Learning in Educational 

Contexts” was used (Fernandez-Rio et al., 2017) 

integrated with 20 items. To obtain the reliability 

of the polychotomous instrument, Cronbach's 

alpha was calculated using RStudio software, 

yielding a value of p = 0.7410 located in the High 

magnitude range, therefore, it can be said that it 

is an instrument with an Acceptable reliability 

coefficient (Ruíz, 2013). 

 

Development of the intervention 

 

The research intervention carried out with the 

students of the experimental groups was 

developed through the following stages: 

 

Stage 1. Presentation of the study 

 

To carry out the study, the research project was 

made known to the students of the experiment 

groups, likewise, before the application of the 

pretest, the students were explained how the 

dynamics of the intervention process of the 

strategy would be, as well as the final result that 

was expected to produce "Chemical Jumanji", on 

the other hand, they were informed that a pretest 

and posttest would be applied, as well as the 

questionnaire to measure motivation, interest 

and collaborative work at the end of the 

intervention, in the same way, it was explained 

to them that the results obtained in their 

questionnaires would be treated confidentially 

and for exclusive use for the analysis of the 

research. 

 

Stage 2. Development 

 

Inquiry and Presentation: Students were 

informed about the topics and subtopics to be 

investigated regarding "Chemical Bonds" 

through a fun dynamic called "The Sweets" 

teams were formed and the topics and subtopics 

that they would investigate and present to the 

group were drawn. 

 



4 

Journal High School                                                                  9[20]1-9: e4920109 

Article 
 

 
ISSN:2523-0336. 

RENIECYT-SECIHTI: 1702902 

ECORFAN® All rights reserved. 

 

Gutiérrez-Cruz, Wendy, Domínguez-Gutú, Jesús, Trejo-Trejo, Gilberto 

Abelino and Gordillo-Espinoza, Emmnauel. [2025].  Integration 

STEAM and Gamification in Chemistry Learning at the Secondary 
School Level. Journal High School. 9[20]1-9: e4920109. 

https://doi.org/10.35429/JHS.2025.9.20.4.1.9 

 

Box 1 
 

 
 

Figure 1 

Topics and Subtopics for Teams 

Source: Own Creation. 

  

Box 2 
 

 
 

Figure 2 

Student presentation 

      Source: Own Creation. 

 

Teacher Intervention and Platforms: 

In a summarized manner through interactive 

presentations and with the support of the game 

platform (Quizzis and Wordwall), team and 

individual activities were carried out, with the 

intention of strengthening the topics investigated 

by the students. 

 

Box 3 
 

 
 

Figure 3 

Teaching intervention 

      Source: Own Creation.  

Box 4 
 

 
 

Figure 4 

Use of digital platforms (Quizizz and Wordwall) 

Source: Own Creation 

 

Additional Activities and Laboratory: 

Additional activities were provided about the 

story of Jonathan Cane and The Mortals on 

Olympus. Students were given a printout of the 

lab exercise "Ionic and Covalent Bonds" so each 

team could gather their own materials. This way, 

students would learn about the electrical 

conductivity of materials through ionic and 

covalent bonds in everyday materials. In turn, 

the teams would complete a report on the 

exercise and compile a comparative table of 

"Chemical Bonds." 

 

Box 5 
 

 
 
Figure 5 
Additional Activity (Jonathan Crane) 

      Source: Own Creation 
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Box 6 
 

 
 

Figure 6 
Additional Activity (Jonathan Crane) 

      Source: Own Creation 

 

STEAM Project (Chemical Jumanji): 

The 1995 movie “Jumanji” was presented to 

them with the intention that the students would 

know the main dynamics of the game, later the 

board game and its original rules were digitally 

introduced to them and they were informed that 

they would have to relate said game to the topics 

that they presented and strengthened through the 

process, likewise, they were made aware that the 

STEAM methodology would be applied, 

explaining how they would apply each acronym 

in the game to be developed, the students met in 

teams and in turn exchanged ideas with other 

teams from their same group and from the other 

group that would also do the same project, both 

experiment groups were jointly organized and 

informed the teacher that they would make a 

single game in which they would collaborate 

with each other to carry out the final product.  

 

Box 7 
 

 
 

Figure 7 
Making of Chemical Jumanji  

      Source: Own Creation 

Stage 3. Closing 

 

Finally, the academic performance post-test and 

the instrument to measure students' perceptions 

of interest, motivation, and cooperative learning 

were administered. 

 

The students then presented their final 

project and discussed their experiences during 

the process, mentioning that it had been 

somewhat difficult for them due to financial 

constraints, as some of their classmates did not 

have those means, but that they had collaborated 

with other types of work to create the product. 

 

Box 8 
 

 
 
Figure 8 
Final product 

Source: Own Creation 

 

Results 

 

Academic performance. 

 

To test the research hypothesis (H1), the 

Student's t-test for independent samples was 

performed, obtaining a p-value of 0.0000, which 

is lower than the established significance level of 

α=0.05. Therefore, it is concluded that there is a 

significant difference, rejecting the null 

hypothesis and accepting the hypothesis of this 

research, that the STEAM methodology 

integrated with gamification significantly 

improves student learning in the subject of 

Chemistry. 
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Therefore, the implemented strategy 

promotes student learning, coinciding with 

Fuentes-Hurtado & Gonzalez-Martínez (2019), 

mentions in his study that gamification provides 

benefits in STEM subjects in secondary 

education and assumes that they are key 

elements in improving the teaching-learning 

process, since they influence the improvement of 

meaningful learning, thus improving the results 

in their tests or exams, this is because students 

get involved in their own learning when 

transferring the game to the educational 

environment, in addition to increasing 

motivation and the development of transversal 

skills. 

 

Evaluation of perception 

 

Once the results of the applied instrument were 

obtained, a scale table was defined that allowed 

us to evaluate the perception presented by the 

students, establishing the following assessment 

scale (Table 1), in relation to the relative 

frequency obtained in the statements in each 

instrument, which will allow us to evaluate the 

hypothesis. 

 

Box 9 
 

Table 1 

Rating scale 

 

Assessment Perception % 
Very low [0, 25] 

Low (25, 50] 

High (50, 75] 

Very high (75, 100] 

 

  Source: Research Data. 

 

To verify the hypothesis (H2) of the 

research, the results of the applied instrument 

show that the students' perception is at a high 

level in relation to the implemented teaching 

strategy, therefore, the research hypothesis is 

accepted in which the students' perception is 

high in relation to interest, motivation and 

cooperative work in the subject of Chemistry, 

when using the STEAM methodology integrated 

with gamification during their learning. 

 

 

 

 

 

 

 

 

Box 10 
 

Table 2 

Student perception 

 

Escale F RF 

Very low 76 - 152 0 0.0% 

Low 153 - 228 0 0.0% 

High 229 - 304 45 91.8% 

Very high 305 - 380 4 8.2% 
  49 100.0% 

 

  Source: Research Data. 
 

 

On the other hand, the students' 

perception was analyzed for each of the 

dimensions, the results obtained are presented 

below. 

 

Interest 

 

For the research, the Questionnaire of Interest in 

Learning Basic Sciences was applied (Castro et 

al., 2020). 

 

Box 11 
 

Table 3 

Students' perception in the interest dimension. 

 
Escale F RF 

Very low 16 - 32 0 0.0% 

Low 33 - 48 0 0.0% 

High 49 - 64 49 100.0% 

Very high 65 - 80 0 0.0% 
  49 100.0% 

 
  Source: Research Data. 

 

These results show that 100% of the 

students are interested in learning about the 

subject. These results support the research 

hypothesis, indicating that students show a high 

level of interest in implementing the STEAM 

methodology integrated with gamification. 

 

The above results are consistent with the 

research conducted by Mallitasig y Freire (2020), 

who also implemented gamification as a 

teaching technique in teaching natural sciences 

to ninth-grade students. Their study revealed that 

gamification increases student interest in the 

learning process. Furthermore, they highlighted 

that the introduction of new methodologies 

makes classes more engaging, sparks students' 

curiosity, and fosters a greater willingness to 

understand the content. 
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Motivation 

 

For this study, the Motivation and Learning 

Strategy Questionnaire Short Form - MSLQ SF 

was applied (Sabogal et al., 2011). The 

questionnaire was adapted to be understandable 

and comprehensible to high school students. 

 

Box 12 
 

Table 4 

Students' perception in the motivation dimension 
 

Escale F RF 

Very low 40 - 80 0 0.0% 

Low 81 - 120 0 0.0% 

High 121 - 160 45 91.8% 

Very high 161 - 200 4 8.2% 
  49 100.0% 

 

 

  Source: Research Data. 

 

The results show that 91.8% of students 

show a high level of motivation, while 8.2% 

show a very high level, indicating a positive 

impact from the STEAM methodology 

integrated with gamification. This indicates that 

students develop a high level of motivation when 

implementing the strategy. Tamayo’s (2022) 

research also supports these findings by 

highlighting that gamification not only improves 

academic performance but also increases student 

motivation. This indicates the effectiveness of 

implementing innovative strategies such as 

gamification in increasing student participation 

and engagement in the educational process. Both 

studies agree that these methodologies are not 

only effective in terms of learning but also 

promote a more dynamic and motivating 

educational environment. 

 

Cooperative Learning 

 

The Cooperative Learning Assessment 

Questionnaire (CAC) was applied to measure 

cooperative learning (Fernandez-Rio et al., 

2017). 

 

Box 13 
Table 5 

Students' perceptions of the cooperative work 

dimension. 

 

Escale F RF 

Very low 20 - 40 0 0.0% 

Low 41 - 60 0 0.0% 

High 61 - 80 5 10.2% 

Very high 81 - 100 44 89.8% 
  49 100.0% 

 

 

  Source: Research Data 

The results show that 44 students fall 

within the "Very High" category (81–100) and 5 

students fall within the "High" category (61–80). 

This indicates that a significant number of 

students have achieved a Very High level of 

performance. 

 

The above results are similar to those 

obtained by Lorente et al. (2021), where students 

mention that working collaboratively was a 

positive experience and favored learning the 

subject. Therefore, cooperative work positively 

impacts student learning with the STEAM 

methodology integrated with gamification in 

Chemistry. 

 

Conclusions 

 

The STEAM methodology combined with 

gamification implemented in the Chemistry 

course focused on the topic of "Chemical 

Bonds," seeking to establish a connection 

between theoretical concepts and playful games. 

The results showed a significant difference 

between the standardized means (SDM) of the 

experimental groups, indicating considerable 

effectiveness. This suggests that the STEAM 

methodology integrated with gamification 

fosters cooperative work, interest, motivation, 

academic performance, and active student 

participation. 

 

The research demonstrated that the 

implemented strategy increased learning in the 

experimental groups compared to the control 

group. Therefore, the implementation generated 

significant learning about chemistry, which 

contributed to improving students' academic 

performance. 

 

Furthermore, the research revealed that 

the STEAM methodology integrated with 

gamification sparked student interest, indicating 

that 100% of them showed interest in the 

teaching strategy. Therefore, the STEAM 

methodology combined with gamification 

increases students' interest and curiosity. 

 

On the other hand, it was found that 

91.8% of students showed motivation toward the 

STEAM methodology with gamification. This 

implementation, in addition to increasing 

motivation, also promoted student participation 

and collaboration. 
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Finally, the STEAM methodology 

combined with gamification demonstrated that 

89.8% of students demonstrated the 

development of cooperative learning through 

this strategy. The data revealed a very high level 

of performance, indicating that initial 

expectations were exceeded. This difference 

does not invalidate the hypothesis; rather, it 

shows that the effects of the intervention were 

more effective than expected. 

 

Through the implementation of the 

STEAM methodology integrated with 

gamification, high levels of motivation, interest, 

cooperative work, and academic performance 

were achieved, thus facilitating indirect teaching 

by the teacher, making students primarily 

responsible for their learning. This innovative 

strategy promoted active participation and left 

traditional methods of education behind. 

 

The results obtained from the research 

are promising and suggest that the STEAM 

methodology with gamification has the potential 

to transform the teaching and learning of 

Chemistry. The study substantially improved 

learning compared to the control group, 

reflecting a significant impact. It sparked 

students' interest and curiosity in the subject of 

Chemistry, increased motivation towards the 

subject, as students displayed a favorable 

attitude, and encouraged collaboration and 

active participation. This resulted in more 

engaging, dynamic, and stimulating classes, 

which fostered a greater willingness to 

understand the content and contributed to 

improving the learning process. 
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Abstract 

  

This study presents preliminary results of an academic practice focused 
on the guided use of Artificial Intelligence (AI) to support the 

development of scientific–technical reports in undergraduate Physics 

courses. The experience was implemented in Electromagnetism and 
Selected Topics in Physics within a local Science Expo context. Students 

designed a didactic prototype and documented it using a structured 

Technical Report template, complemented by a guide of AI prompts and 
ethical recommendations. A pre- and post-intervention survey design 

was applied (n₁ = 40; n₂ = 34) to analyze changes in students’ perceptions 

regarding scientific writing skills, information literacy, and ethical AI 
use. Descriptive statistics and Mann–Whitney U tests revealed 

significant improvements in conceptual structuring, methodological 

documentation, information verification, and responsible AI practices. 
The findings suggest that combining structured templates with guided AI 

use constitutes an effective pedagogical strategy. 

 

 
 

Artificial Intelligence, physics, digital skills 
 

 

Resumen 

 
Este estudio presenta resultados preliminares de una práctica académica 

orientada al uso guiado de herramientas de Inteligencia Artificial (IA) 

para la elaboración de reportes científico-técnicos en cursos 
universitarios de Física. La experiencia se desarrolló en las asignaturas 

de Electromagnetismo y Tópicos Selectos de Física, en el contexto de 

una Expociencias local. Los estudiantes diseñaron un prototipo didáctico 
y elaboraron una memoria técnica mediante una plantilla estructurada, 

apoyada por una guía de prompts y recomendaciones éticas para el uso 

de IA. Se aplicó un diseño pre y post intervención (n₁ = 40; n₂ = 34) para 
analizar cambios en la percepción de competencias de escritura 

científica, alfabetización informacional y uso responsable de IA. Los 

análisis descriptivos y la prueba U de Mann–Whitney muestran mejoras 
significativas en la estructuración conceptual, documentación 

metodológica y prácticas críticas de uso de IA, evidenciando el valor 

pedagógico del enfoque propuesto. 
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1. Introduction 

 

The incorporation of emerging technologies into 

teaching and learning processes has generated 

new dynamics in higher education. In disciplines 

that require the understanding of abstract 

concepts articulated with experimental 

procedures and scientific communication, the 

use of Artificial Intelligence (AI) tools has been 

rapidly adopted. These tools can generate, 

reorganize, and reformulate texts, opening a 

wide range of possibilities to support the 

construction of academic reports and other 

written communication activities. Their growing 

use in student practices requires not only an 

understanding of their potential but also an 

examination of the conditions under which they 

can foster meaningful learning and the 

development of digital competencies. This 

relevance is framed within the digital 

transformation of higher education institutions, 

where the integration of technologies does not 

merely involve the availability of platforms but 

also changes in pedagogical models, assessment 

practices, educational quality, and institutional 

implementation (Abad-Segura et al., 2020); 

(Benavides et al., 2020); (Bates et al., 2020). 

 

In the educational field, AI has become 

an area of applied research with impacts on 

teaching strategies, personalization according to 

learners’ needs, feedback processes, and task 

automation, although it also presents challenges 

related to bias, reliability, academic integrity, 

and ethical use (Chen et al., 2020); (Sousa & 

Cardoso, 2025); (Dilmurod & Fazliddin, 2021). 

Recent studies in Latin American university 

contexts have shown that AI-based assistants can 

support formative processes without replacing 

teachers’ pedagogical judgment, provided that 

human mediation and control are maintained 

(Paz, 2025).  

 

Unlike other digital resources, such as 

information search engines or text editors, 

generative AI offers added value by enabling 

personalized interactive support. Through direct 

interaction with the user, a dialogue is 

established that allows iterative cycles of 

planning, drafting, reviewing, and refining 

written texts. This type of interaction enables 

students to explore different ways of expressing 

ideas. In addition, generative tools provide 

suggestions that offer alternative approaches to 

organization, argumentation, and comparison. 

 

This distinctive feature, interaction 

through prompts, transforms report writing into 

a more active and metacognitive activity, in 

which students not only generate text but also 

make decisions about content based on relevance, 

coherence, and conceptual precision. Several 

authors indicate that these characteristics can 

strengthen scientific communication when 

integrated with teacher mediation (Khalifa & 

Albadawy, 2024); (Malik et al., 2023). Along the 

same lines, generative AI-based tools have been 

developed specifically to assist instructors in 

providing formative and personalized feedback 

in academic writing tasks, showing favorable 

results when integrated as pedagogical support 

rather than as a substitute for the teaching role 

(García-Solórzano et al., 2025) 

 

However, the same capacity to generate 

plausible responses also increases risks when 

used without clear criteria, as it may lead to 

errors, omissions, or biased content. Critically, 

the use of generative AI tools for academic 

writing can result in nonexistent or inaccurate 

references. Therefore, the literature emphasizes 

the importance of human verification, 

transparency in tool usage, and explicit rules of 

academic integrity regarding AI-generated 

content (Zhai et al., 2024); (Farrokhnia et al., 

2024).  

 

Within this framework, a guided 

approach becomes a central feature, as it 

establishes clear criteria for task execution. The 

use of prompts oriented toward academic 

purposes, combined with teacher guidance, 

facilitates information literacy. In this way, 

students learn how to formulate appropriate 

requests, which also involves critically 

reviewing and making informed decisions about 

the content incorporated into their texts. From 

this perspective, prompt engineering is 

understood as an emerging digital competence 

that improves the quality of interaction with 

language models by requiring specificity, 

contextualization, output criteria, and iterative 

refinement (Korzynski et al., 2023); (Eager & 

Brunton, 2023); (Kshetri, 2023); (Vega Figueroa, 

2024).  

 

Furthermore, to ensure traceability and 

control of bibliographic sources—especially 

when generative systems are employed—it is 

essential to integrate writing practices with 

formal bibliographic management and citation 

procedures.  

https://doi.org/10.3390/su12145510
https://doi.org/10.3390/s20113291
https://doi.org/10.1186/s41239-020-00218-x
https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.3390/electronics14071258
https://doi.org/10.3390/electronics14071258
https://doi.org/10.5958/2249-7137.2021.00468.7
https://arxiv.org/pdf/2510.22279
https://doi.org/10.1016/j.cmpbup.2024.100145
https://doi.org/10.1016/j.cmpbup.2024.100145
https://doi.org/10.1016/j.ijedro.2023.100296
https://aenui.org/actas/pdf/JENUI_2025.pdf
https://doi.org/10.1186/s40561-024-00316-7
https://doi.org/10.1080/14703297.2023.2195846
https://doi.org/10.1080/14703297.2023.2195846
https://doi.org/10.15678/EBER.2023.110302
https://doi.org/10.53761/1.20.5.02
https://doi.org/10.53761/1.20.5.02
https://doi.org/10.1109/MC.2023.3314322
https://www.aacademica.org/enver.vega.figueroa/13.pdf
https://www.aacademica.org/enver.vega.figueroa/13.pdf
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These practices are supported by 

reference managers and institutional guidelines 

that promote consistency and verifiability 

(Mendeley, 2011); (Zotero, 2025); (Universidad 

de Granada, 2025); (Universidad Politécnica de 

Valencia, 2025); (Balmaseda Espinosa et al., 

2024).  

 

The study presented in this article 

focuses on analyzing the academic use of AI 

within a formative practice related to the 

development of technical–scientific reports in 

undergraduate Physics courses. This type of 

product requires conceptual clarity, 

methodological coherence, and integrity in the 

use of sources, all of which are particularly 

relevant for the development of scientific 

competencies (Franco-Mariscal, 2015).  

 

The educational proposal integrated 

three distinctive elements: first, a 

methodological guide to orient interaction with 

AI (including suggested prompts and 

recommendations for responsible use); second, 

the development of an experimental project or 

didactic prototype as the basis for the written 

report; and third, assessment of students’ 

perceptions before and after the activity. This 

design allows observation of the articulation 

between technological support, disciplinary 

knowledge construction, and scientific 

communication processes. In this regard, recent 

evidence suggests that generative tools tend to 

perform better in explanatory and writing tasks 

but may negatively affect reasoning habits if 

used without guidance, reinforcing the need for 

accompanied and learning-oriented 

interventions (Akolekar et al., 2025); 

(Bewersdorff et al., 2024).  

 

The main problem motivating this 

research is to identify how AI contributes to the 

preparation of academic reports produced by 

university students enrolled in disciplinary 

Physics courses, as well as to examine how 

students’ perceptions of these tools change when 

they are used within a guided framework. The 

central hypothesis proposes that the guided use 

of AI promotes clearer content structuring and a 

greater ability to express scientific ideas, 

provided that teacher support encourages critical 

and responsible use, with emphasis on 

verification, traceability, and source consistency 

(Khalifa & Albadawy, 2024); (Farrokhnia et al., 

2024); (Kalniņa et al., 2024).  

 

Finally, in terms of academic and 

institutional relevance, the discussion on AI in 

higher education also demands clear 

implementation frameworks, such as ethical 

guidelines, teacher training, and strategies to 

avoid digital divides, which contextualize the 

need for explicit didactic proposals (Ali, 2025); 

(Lucero-Baldevenites et al., 2025). In this regard, 

Latin American educational networks have 

proposed specific guidelines for the responsible 

use of generative artificial intelligence in 

educational contexts, emphasizing transparency, 

verification, and teacher mediation (RED 

SUMMA Education, 2024) 

 

At this point, it is important to highlight 

that most research on AI in academic writing has 

focused on humanities disciplines or free-

structure essays. Consequently, there is a 

significant gap regarding the use of AI in the 

preparation of technical reports in basic sciences. 

This academic gap justifies the relevance of the 

present study and reinforces the need to analyze 

how students use AI to produce scientific texts 

within the framework of experimental practices 

and prototype design. 

 

This article is organized into three main 

sections. The Methodology section describes the 

didactic design of the practice, the structure of 

the prompt guide, the participants, the data 

collection instruments, and the application 

procedure. The Results section presents the 

findings of the comparative analysis of students’ 

perceptions before and after the experience. 

Finally, the Conclusions section discusses the 

educational implications of guided AI use in 

scientific training and outlines directions for 

future research. 

 

2. Methodology 

 

2.1 Design of the Academic Intervention 

 

The intervention was carried out within the 

framework of the 2025 local Basic Sciences 

Expo and was implemented in two Physics 

courses: Electromagnetism and Selected Topics 

in Physics. The main objective was to explore 

the effect of the guided use of Artificial 

Intelligence (AI) tools on the development of 

technical–scientific reports associated with the 

construction of didactic prototypes. To this end, 

students worked with an official Technical 

Report template that established the structure, 

academic criteria, and documentation 

requirements of the project.  

https://www.mendeley.com/
https://www.zotero.org/
https://biblioteca.ugr.es/servicios/herramientas
https://biblioteca.ugr.es/servicios/herramientas
https://upv-es.libguides.com/citas-bibliografia/gestores
https://upv-es.libguides.com/citas-bibliografia/gestores
https://dialnet.unirioja.es/servlet/articulo?codigo=9930541
https://dialnet.unirioja.es/servlet/articulo?codigo=9930541
https://doi.org/10.5565/rev/ensciencias.1645
https://doi.org/10.1038/s41598-025-93871-z
https://arxiv.org/abs/2401.00832
https://doi.org/10.1016/j.cmpbup.2024.100145
https://doi.org/10.1080/14703297.2023.2195846
https://doi.org/10.1080/14703297.2023.2195846
https://doi.org/10.3389/feduc.2024.1501819
https://files.eric.ed.gov/fulltext/ED670813.pdf
https://doi.org/10.35381/r.k.v10i20.4608
https://redsummaeducation.net/wp-content/uploads/2025/09/Lineamientos-IAG-SUMMA.pdf?utm_source=chatgpt.com
https://redsummaeducation.net/wp-content/uploads/2025/09/Lineamientos-IAG-SUMMA.pdf?utm_source=chatgpt.com
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This template included a guide with 

explicit recommendations on the ethical use of 

AI, scientific writing, integration of academic 

sources, and information verification. 

 

Each team designed a didactic prototype 

based on a specific Physics principle related to 

electromagnetism, thermodynamics, fluids, 

optics, or waves, and prepared a technical report 

following the template. 

 

In parallel, students were provided with a 

prompt guide to support the writing process, 

aimed at improving clarity, coherence, 

organization of ideas, and argumentative quality, 

without replacing students’ own conceptual 

work. The intervention lasted approximately two 

weeks within the course and was integrated into 

regular class activities. 

 

2.2 Participants 

 

The intervention initially involved 40 

undergraduate students enrolled in Engineering 

and Science programs who were taking the 

aforementioned courses. All participants 

completed the pre-intervention diagnostic 

survey. After the activity concluded, 34 students 

completed the post-intervention survey, 

constituting the final sample for comparative 

analysis. Participation was voluntary and had no 

impact on course grades.  

 

2.3 Data Collection Instruments  

 

Two structured Likert-scale surveys with values 

ranging from 1 to 5 were used, administered 

before and after the development of the technical 

report. Both surveys were designed to assess 

dimensions related to scientific writing skills, 

information literacy, ethical use of AI, and 

perceptions of the support provided by the 

Technical Report template. The use of 

questionnaires to analyze teaching practices and 

perceptions of competencies related to academic 

writing has been validated in recent educational 

research, supporting the methodological 

relevance of the instrument used in this study 

investigación (Strocchi et al., 2025) 

 

The pre-intervention survey aimed to 

characterize students’ prior experience with 

didactic prototypes, their frequency of use of 

generative AI tools, and their training in AI 

ethics.  

 

It also evaluated initial self-perceptions 

regarding their ability to write titles, abstracts, 

introductions, and theoretical frameworks; plan 

materials and describe procedures; present 

results and conclusions; cite sources correctly; 

distinguish academic sources; and verify 

technical information across different media. 

 

The post-intervention survey assessed 

changes in these perceptions after the guided use 

of AI and the Technical Report template. It 

considered aspects such as the perceived 

usefulness of the template for structuring the 

document, the degree of support provided in 

each section of the report, ease of use, clarity of 

language, and the impact of AI on idea 

generation, writing improvement, information 

synthesis, methodological design, and reference 

management. It also included items addressing 

identified risks, such as misinformation, 

dependency, or plagiarism, as well as ethical 

practices related to AI use, including content 

verification, disclosure of tool usage, and 

traceability of the prompts employed. 

 

2.4 Procedure 

 

The procedure began with the presentation of the 

official Technical Report template to the 

students, explaining its sections, the academic 

rationale behind each component, and 

institutional expectations regarding report 

quality. During the same session, an introduction 

to the use of generative AI tools as support for 

scientific writing was provided, illustrating 

examples of appropriate prompts to improve 

clarity, argumentative structure, conceptual 

synthesis, and text organization, while 

emphasizing the need to verify content and avoid 

undue dependence. 

 

Subsequently, the pre-intervention 

survey was administered to establish a baseline 

of students’ skills and perceptions. Over the 

following weeks, teams developed their didactic 

prototypes and wrote their technical reports 

using both the template and the prompt guide. 

During this stage, students were allowed to 

incorporate AI for specific writing-related tasks 

but were required to maintain full responsibility 

for conceptual content, technical validity, and 

theoretical grounding. 

 

 

 

 

 

https://revistas.unir.net/index.php/rep/article/view/393
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Once the final report was completed, the 

post-intervention survey was administered to 

collect students’ perceptions regarding the 

support provided by the template, the impact of 

guided AI use on report preparation, observed 

benefits, encountered difficulties, and the 

evolution of their ethical and critical practices 

regarding AI. These perceptions were distributed 

across six dimensions: title and abstract; 

introduction and theoretical framework; 

materials and procedures; results and 

conclusions; digital literacy; and ethical use of 

AI. 

 

The collected data were exported to 

Microsoft Excel and subsequently analyzed 

using Python. Data consistency was verified, and 

descriptive statistics (mean, median, standard 

deviation, and relative frequencies) were 

calculated for each dimension. 

 

Given that the distributions did not show 

normality and that two independent groups were 

compared (pre- and post-intervention, with 

different sample sizes), the non-parametric 

Mann–Whitney U test was applied with a 

significance level of p < 0.05 to determine 

whether there were significant differences 

between students’ initial and final perceptions. 

 

This test allowed comparison of the null 

hypothesis (H₀), which states that there are no 

significant differences in perceptions regarding 

AI use before and after the intervention, against 

the alternative hypothesis (H₁), which proposes 

that differences do exist and can be attributed to 

the guided use of the template and AI in the 

preparation of the technical report. 

 

The results of this test, together with the 

complementary descriptive analysis, were used 

to interpret the effect of the intervention on the 

development of students’ scientific writing 

competencies.  

 

3. Results 

 

3.1. Descriptive analysis pre- and post-

intervention 

 

Table 1 presents the means and standard 

deviations of the six dimensions evaluated 

before (pre) and after (post) the use of the 

Technical Report template and the AI prompt 

guide. Responses were coded on a scale from 1 

to 5, where higher values indicate greater 

agreement or perceived competence. 

Box 1 
 

Table 1 

Descriptive statistics by dimension (pre and post) 

 

Dimension 
Pre 

mean 

Pre 

SD 

Post 

mean 

Post 

SD 

Title and abstract 3.62 1.08 3.9 0.94 

Introduction and 

theoretical 

framework 

3.44 0.98 3.98 0.67 

Materials and 

procedures 
3.55 1.05 4.03 0.82 

Results and 

conclusions 
3.51 1.06 3.93 0.73 

Information literacy 3.29 0.89 3.65 0.8 

AI use and ethics 3.38 0.83 3.76 0.63 

                                   
Source: Own Elaboration  

 

The descriptive results show a consistent 

trend of improvement across all evaluated 

dimensions following the didactic intervention. 

 

In each dimension, an increase in the 

post-test mean relative to the pre-test mean was 

observed, indicating that students perceived a 

strengthening of their academic skills after 

working with the Technical Report template and 

receiving guided support through AI tools. 

 

The largest variations were observed in 

two dimensions that are critical to scientific 

report writing. Specifically, in the Introduction 

and theoretical framework dimension, the mean 

increased from 3.44 to 3.98, while in the 

Materials and procedures section, it increased 

from 3.55 to 4.03. 

 

These differences suggest that the 

intervention had a notable impact on students’ 

ability to explain scientific foundations, 

integrate references, and appropriately structure 

the methodological section of their reports. 

 

Relevant increases were also observed in 

other areas of academic performance, such as 

Results and conclusions, which increased from 

3.51 to 3.93; Information literacy, whose values 

rose from 3.29 to 3.65; and AI use and ethics, 

which increased from 3.38 to 3.76. These data 

can be interpreted as improvements in students’ 

ability to interpret data, distinguish reliable 

sources, manage references, and use AI tools 

critically and responsibly. 
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The Title and abstract dimension already 

showed a relatively high mean in the diagnostic 

assessment (3.62), and although the increase was 

more moderate, it reached 3.90 in the post-test, 

suggesting sustained improvement in 

information synthesis. 

 

Overall, the data indicate that after the 

didactic intervention, conducting the report 

writing under established guidelines and guided 

support, students developed greater conceptual 

clarity to justify the physical principles of the 

prototype, properly organize the experimental 

procedure, evaluate the quality of academic 

information, and use AI as a support tool guided 

by ethical and critical validation criteria. 

 

3.2 Inferential analysis 

 

To assess whether the differences observed 

between pre- and post-intervention were 

statistically significant, the Mann–Whitney U 

test was applied, which is appropriate for 

independent samples and ordinal Likert-type 

scales. The results, presented in Table 2, show 

significant differences in four dimensions. In 

Introduction and theoretical framework, a p-

value of 0.011 was obtained, while in the 

Materials and procedures dimension the p-value 

was 0.039. The third dimension showing 

significant differences was Information literacy 

(p = 0.047), and a significant difference was also 

observed in AI use and ethics (p = 0.048). 

 

Box 2 
 

Table 2 

Mann–Whitney U test results 

  

Dimension U p 
Significant 

difference (α = 

0.05) 

Title and abstract 587 0.309 No 

Introduction and 

theoretical 

framework 

447.5 0.011 Yes 

Materials and 

procedures 
494 0.039 Yes 

Results and 

conclusions 
534 0.112 No 

Information literacy 498 0.047 Yes 

AI use and ethics 499.5 0.048 Yes 

 
Source: Own Elaboration 

 

 

 

In these areas, the intervention had a 

clear statistical impact, supporting the 

hypothesis that guided AI use, combined with a 

structured template, strengthens competencies 

related to conceptual argumentation, technical 

documentation, and critical verification of 

sources. 

 

On the other hand, the Title and abstract 

(p = 0.309) and Results and conclusions (p = 

0.112) dimensions did not show statistically 

significant differences. This may be interpreted 

in several ways. In the case of Title and abstract, 

students already exhibited relatively high 

confidence levels in this skill prior to the 

intervention, which may explain the reduced 

margin for statistical improvement. In contrast, 

the Results and conclusions dimension may be 

influenced by variability in the quality of the 

prototypes or the availability of experimental 

data—factors that do not depend directly on AI 

use or the structure of the template. 

 

Overall, the findings indicate that the 

intervention strengthened those dimensions 

related to the cognitive structure of the report 

(theoretical framework, conceptual foundations, 

and methodological planning), as well as 

information literacy and digital ethics. This is 

consistent with the formative components 

incorporated into the intervention: the prompt 

guide, recommendations for critical AI use, and 

emphasis on citing and verifying information. 

 

These results are consistent with 

previous research indicating that generative AI, 

when used with teacher guidance and clear rules, 

supports conceptual organization processes and 

improves the quality of academic writing 

(Khalifa, 2024); (Malik, 2023). Similar findings 

have been reported in upper secondary education 

studies, where AI has been used to support 

formative assessment of writing, promoting 

reflective processes and more objective 

feedback (Borrayo & Sobrino, 2025). 

Furthermore, improvements in information 

literacy and ethics suggest that students 

internalized verification and traceability 

practices, which are particularly relevant given 

the risks associated with uncritical use of 

generative systems. In summary, the 

combination of guided AI use and a structured 

template constitutes an effective strategy for 

supporting the development of scientific–

technical reports in undergraduate Physics 

courses, with statistically verifiable positive 

impacts.  

https://doi.org/10.1007/s10639-023-12048-1
https://doi.org/10.1016/j.compedu.2023.104720
https://dialogossobreeducacion.cucsh.udg.mx/index.php/DSE/article/view/1735
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These findings reinforce the pedagogical 

potential of integrating AI into formative 

practices oriented toward scientific 

communication, provided that ethical and 

methodological frameworks accompany its use. 

 

3.3 Perceptions of the Technical Report 

template  

                                                                                       

Post-intervention survey included specific items 

related to the Technical Report template. Mean 

scores (on a 1–5 scale) consistently ranged 

between 3.8 and 4.2, reflecting a predominantly 

positive evaluation, as shown in Table 3. 

 

Box 3 
 

Table 3 

Students’ perceptions of the Technical Report template 

           
Template characteristic Mean 

The structure of the template helped 

me organize my project ideas 
3.96 

The template helped me understand 

what to include in each section 
3.86 

The template facilitated writing with 

a more technical and academic style 
4 

The template helped me better 

document procedures, results, and 

conclusions 

4.07 

The language of the template was 

clear and understandable 
4.18 

                           
Source: Own Elaboration 

 

These data suggest that the template 

functioned as a structural scaffold for report 

construction, helping clarify expectations for 

each section, organize information, and adopt a 

writing style closer to technical–scientific 

standards. 

 

3.4 Use of AI during report preparation 

 

Finally, the ways in which students 

actually used AI during the project were 

explored. Mean values for AI-related items were 

also high (approximately 3.9–4.3). Many 

students reported using AI to generate ideas or 

brainstorm prototype concepts (M ≈ 4.25), 

improve writing quality (clarity, spelling, 

academic style), and summarize theoretical 

information (means close to 3.9–4.0).  

 

Students also indicated that AI saved 

time during report preparation (M ≈ 4.18) and 

helped them better understand the scientific 

concepts involved (M ≈ 4.21). 

In terms of responsible practices, most 

respondents reported reviewing and verifying 

AI-generated information using academic 

sources (M ≈ 4.25), avoiding copy-and-paste 

without adaptation (M ≈ 4.0), and refraining 

from asking AI to fabricate data or references (M 

≈ 3.9). 

 

Open-ended responses complemented 

these findings: several students noted that AI 

was particularly useful for writing the title, 

abstract, and theoretical framework, while also 

expressing concerns about risks such as 

plagiarism, inaccurate information, or excessive 

dependence. These risks were mitigated by 

cross-checking sources and using their own 

wording. 

 

4. Conclusions 

 

This study analyzed the academic use of 

Artificial Intelligence (AI) within a guided 

instructional framework for the development of 

technical–scientific reports in undergraduate 

Physics courses. The findings indicate that the 

integration of structured templates, guided 

prompts, and explicit ethical criteria contributes 

positively to students’ perceptions of their 

scientific writing skills, conceptual organization, 

information literacy, and responsible use of AI 

tools. 

 

The results support the central hypothesis 

of this research, suggesting that the guided use 

of AI fosters clearer content structuring and 

more effective expression of scientific ideas, 

provided that teacher mediation promotes 

critical use, verification of information, and 

traceability of sources. In this sense, AI 

functions as a cognitive and communicative 

support tool rather than as a substitute for 

disciplinary reasoning or academic judgment. 

 

From an educational perspective, the 

study highlights the relevance of incorporating 

explicit didactic strategies for AI use in science 

education. The combination of methodological 

templates, prompt engineering guidance, and 

ethical recommendations offers a transferable 

model that can be adapted to other scientific 

disciplines requiring experimental 

documentation and technical reporting. 
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Some limitations should be 

acknowledged. The study was conducted with a 

relatively small sample and over a short 

intervention period, and the analysis focused on 

students’ perceptions rather than on direct 

evaluation of written products. These aspects 

limit the generalization of the results. 

 

Future research may extend this 

approach to other areas of basic and applied 

sciences, incorporate longitudinal designs, and 

include qualitative and quantitative analyses of 

students’ written reports to further examine the 

impact of guided AI use on scientific 

communication and learning processes. 
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Abstract 

 

Society, culture and education have undergone significant changes; 

preparation in school accident prevention is of utmost importance. The 
students from basic level must be prepared with actions that guarantee 

safety, avoiding dangerous situations as much as possible, promoting the 

development of attitudes and values. A mixed, qualitative research was 
carried out with foundations of reliable databases of descriptive and 

quantitative type with the application of the validated instrument with a 

Cronbach's alpha of .81, calculation of the sample with a confidence level 
of 95%, a margin of error of 5%, interviews, statistical management and 

hypothesis testing, 9515% of the respondents. 

 

 
 

Accidents, Prevention, School Risks 

 

 

Resumen 

 

La sociedad, la cultura y la educación a tenido un cambio significativo, 

resulta de suma importancia la preparación en prevención de accidentes 
escolares, los estudiantes desde nivel básico deben de estar preparados 

con acciones que garanticen la seguridad, evitando al máximo situaciones 

de peligro, promoviendo el desarrollo de actitudes y valores. Se realizo 
una investigación mixta , cualitativa con fundamentos de bases de datos 

confiables de tipo descriptivo y cuantitativo con la aplicación del 

instrumento validado con un alfa de Cronbach del .81 calculo de la 
muestra con u nivel de confianza del 95%  un margen de error del 5%,  

entrevistas, manejo estadístico y comprobación de hipótesis, el 95.15% 

de los encuestados  
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Introduction 

 

Burgos García, 2011, Risk prevention and a 

culture of prevention must be present in the 

educational context, starting with basic 

education, as a driver of change in a society that 

we want to be safe and reliable. 

 

(Gairín Sallán, Diaz Vicario, Rosales 

Acin & Sentinella Solé, 2014) made it clear that 

safety management in schools, like any 

organisational process, aims to improve the 

well-being of teachers, students, administrators 

and the educational community in general, 

optimise the organisation and functioning of the 

centre's activities, implement management 

processes in line with preventive cultural values, 

etc. In this sense, its management seeks to 

overcome unsafe situations by establishing 

preventive processes, strategies and behaviours. 

 

(Barreto & Salazar, 2021) tell us that 

prolonged stress experienced by students due to 

school-related activities can affect academic 

performance, as well as other aspects of life, and 

that it is necessary to have valid instruments to 

diagnose this type of exhaustion, as timely 

diagnosis can prevent further complications. The 

World Health Organisation's Regional 

Committee for Europe (2007) resolved that one 

of the important objectives of its protective 

health policy was to reduce the incidence of 

major diseases and injuries by alleviating the 

suffering of those affected, based on the 

commitment of universities. 

 

General Objective 

 

The objective of this research is to identify 

teachers' knowledge of school risk prevention, 

train them in order to transform their education 

in school prevention, achieve transformation in 

students, and apply it in the organisation at the 

end of their professional career. 

 

Specific Objectives 

 

Analyse the main risk prevention factors in 

university institutions. 

 

Assess university students' knowledge in the 

area of risk prevention. 

 

Identify the main risk prevention strategies that 

contribute to the transformation of students into 

quick responders in the event of an emergency. 

 

Development 

 

In the field of education, the new 2030 agenda, 

through the SDGs, guarantees quality, inclusive 

and equitable education and promotes lifelong 

learning opportunities for students. Lozano & 

López, 2016, indicate in their research the 

importance of having knowledge of risk 

prevention, which is a determining factor in 

acquiring the necessary knowledge to contribute 

responsibly in the event of an accident. 

 

Olazábal, 2024, states that employees 

must promote a culture of occupational risk 

prevention when carrying out their activities, 

comply with regulations, and provide companies 

with an analytical approach that helps them 

recognise their situation in terms of safety. 

 

Adolescence represents a critical period 

in risk prevention behaviours (Tarín & Navarro, 

2006). These are presented as practical evidence 

of exposure to risk factors, according to the 

World Health Organisation. 2013. Risk factors 

involve active or passive actions that pose a 

danger to well-being. It is urgent to wake up and 

begin by understanding and respecting the work 

of teachers in order to give the best of teaching 

and thus prepare our students so that the work 

they do in their professional lives has a real 

foundation of safety and risk prevention. In-

depth research should be conducted on teachers' 

knowledge of their profession, based on their 

rights and obligations regarding safety and risk 

prevention. Aguado, 2021.  

 

This social responsibility combines the 

proposal of the importance of a culture of health 

and safety in our educational centres. It is 

extremely important to train teachers in the area 

of safety focused on the prevention of school 

risks in educational units, Torres et al., 2024. 

The importance of the human factor in facing 

dangers, personality and behaviour in the face of 

risk, generates a transformation in the way we 

act in an emergency. As background to this 

research, training and education are fundamental 

to school risk prevention activities. To achieve 

this change, it is important to develop training 

and learning workshops for teachers, Mestanza 

et al., 2024, to promote a culture of self-care that 

allows for risk prevention, such as accident 

control or damage control. Mariño et al, 2016, 

propose a documentary structure that forms the 

safety and risk prevention system, which allows 

for the establishment of controls and the 

reduction of risks.  
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Bahmani & Yibin, 2023. Defining a 

culture of prevention in schools means raising 

awareness of safety. Burgos, 2010, made it clear 

that in order to integrate risk prevention, the 

main factors must be taken into account, and one 

of the basic pillars is the teacher. Yang, 2022, 

educational accidents can be caused by factors 

beyond our control. 

 

In 2017, 43% of universities were 

working with students on innovation and 

decision-making. Today, almost eight years later, 

90% of institutions participate in events, 

workshops, and forums with the aim of creating 

comprehensive training in transformation and 

decision-making in organisations. Newman, T., 

& Beetham, H. (2017). 

 

It is true that digital transformation 

within higher education institutions offers 

opportunities and challenges with opportunities 

for market participation. It is of great benefit in 

terms of security and the transformation of 

professionals towards value, efficiency, 

effectiveness, social interaction and globalised 

learning, which contributes to good decision-

making. Mejía Delgado, O. A., & Mejía Delgado, 

Y. Y. (2022) 

 

Traditionally, the university has been the 

institution par excellence in the transformation 

of student knowledge towards organisations, 

associated with the process of training 

professionals. Castillo Sánchez & Reyes Diaz, 

(2015). 

 

Associated risk factors and their 

prevention from some psychological and 

neuropsychological perspectives (Alzate et al., 

2012). To do this, it is necessary to return to the 

etymological roots of the words, which 

according to Andrade, Téllez and Giraldo (2013) 

date back to Latin, the desire to cease to exist by 

intentionally taking one's own life (Pérez-Olmos, 

Ibáñez-Pinilla, Reyes-Figueroa, Atuesta- 

Fajardo & Suárez-Díaz, 2008). These words are 

associated with conditions of self-elimination 

(Cervantes & Melo, 2008), and have transcended 

in various ways over time. 

 

Taking into account an analysis of 

students in risk factors for cardiovascular disease 

at an average age of 19 or older, prevention 

programmes are essential to guide young people 

towards the development of healthier lifestyle 

habits. García-Gulfo, M. H., & García-Zea, J. A. 

(2012). 

Risk factors that may arise with students 

with disabilities, how to prevent them, and 

multidisciplinary work and its benefits in 

providing quality care. Ortega Silva, P., & 

Plancarte Cansino, P. (2017). 

 

Risk factors for eye diseases, prevention 

and diagnosis, allowing for better care from eye 

care professionals and corrective solutions; the 

sooner measures are taken, the greater the 

benefits. Milanés, AR, Molina, K., Milanés, M., 

Ojeda, & González, A. (2016). 

 

Risk and protective factors that 

determine addiction prevention care. Addiction 

to toxic substances that, when introduced into 

the body, cause changes and alterations in 

human thought and behaviour, creating a public 

health problem. The use of harmful substances 

such as alcohol, tobacco, and other drugs 

produces changes in the user. Ramírez Martínez, 

Y., Rivera Vicencio, T., & Perry Cruz, E. (2018). 

 

The study of the physical learning 

environment from an inclusive education 

perspective has traditionally focused on physical 

accessibility to educational spaces and the 

importance of creating physically accessible 

environments for educational inclusion. 

UNESCO, 2023. 

 

Environmental factors in the classroom, 

another aspect to consider when planning, 

include factors such as lighting. Behavioural 

disorders are present at all stages of young 

people's lives. Currently, one in four families 

develops one or more disorders throughout their 

lives Hernández T., García A., Leal E., Peralta 

V., & Durán J. (2014). 

 

H1 = The more students learn about risk 

prevention factors, the more comprehensive 

their training in transformation and decision-

making in organisations will be. 

 

Ho= The less safety training there is, the greater 

the well-being of students will be. 

 

 

 

 

 

 

 

 

 

 

https://www.redalyc.org/journal/4975/497555221003/#B2
https://www.redalyc.org/journal/4975/497555221003/#B2
https://www.redalyc.org/journal/4975/497555221003/#B4
https://www.redalyc.org/journal/4975/497555221003/#B35
https://www.redalyc.org/journal/4975/497555221003/#B35
https://www.redalyc.org/journal/4975/497555221003/#B35
https://www.redalyc.org/journal/4975/497555221003/#B14
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Box 1 
 

 
 
Figure 1 

Comprehensive School Safety Model, which allows for 

the definition of a series of action, care and prevention 

protocols, achieving effective protection linked to a 

culture of prevention. 
Alolah et al, 2014. 

 

Box 2 
 

Table 1 

Most relevant regulations for educational institutions 

issued by the Ministry of Labour and Social Welfare in 

Mexico 

 
NOM-001-STPS-

2008 

 

NOM-002-STPS-

2010 

 

NOM-005-STPS-

1998 

 

NOM-022-STPS-

2015 

 

NOM-029-STPS-

2011 

Buildings, Premises and  

Facilities. 

 

Fire Prevention and Protection 

 

 

Handling and storage 

of hazardous substances. 

 

Static Electricity 

 

 

Maintenance of electrical 

installations. 

 

[Infrastructure Standards] 

 

Methodology 

 

Mixed methodological approach, qualitative 

with documented descriptive, non-experimental 

foundations, observation and interviews, 

quantitative, based on statistical results. An 

instrument was applied to 165 students with a 

confidence level of 90% and a margin of error of 

6%, collecting data at a single point in time, at a 

single moment, for subsequent analysis in a 

database. 

 

 

 

Results 

 

As Gottlieb & Utesch (2022) point out, 

educating students about health and safety 

supports the arguments for safe and healthy 

performance, and it is the responsibility of 

teachers to ensure the health and safety of 

students. Young people in our environment lack 

training on health and safety both on campus and 

in the family or work environment. 

 

Factor Analysis (Analysing 2 sections) 

 

A construct was formed that allows a statistic to 

be chosen that seeks a correlation. 

 

Box 3 
 

Table 2 

Bayesian correlation 

 

 
 

In this analysis, the variance value is 0.06, 

indicating a posterior correlation of relative pair 

distribution, with a 95% credible interval with 

the same frequentist statistical probability, so 

Hypothesis H1 is accepted.  Applying a health 

and safety plan in educational institutions 

contributes to the well-being of students. The 

results show a positive correlation with 

compatible data. Source: SPSS. See 25. 

 

 

 

 

 

 

 

 

 



5 

Journal High School                                                                9[20]1-9: e6920109 

Article 
 

 ISSN:2523-0336 

RENIECYT-SECIHTI: 1702902 

ECORFAN® All rights reserved. 

 

Gonzalez-de la Garza, José Gerardo, De la-Garza-Cienfuegos, Sandra 

Patricia, Otriz-Ozuna Mayra Yazmin and Aguilar-Sánchez, Ana María. 

[2025].  Key risk prevention factors, student transformation towards the 
Organization. Journal High School. 9[20]1-9: e6920109 

https://doi.org/10.35429/JHS.2025.9.20.6.1.9 

 

Box 4 
 

Table  

Descriptive Analysis 

 
Lim-Sup Lim-Inf X-X Medias 

2.51 1.62 2.06 1.61 

2.51 1.62 2.06 1.56 

2.51 1.62 2.06 2.04 

2.51 1.62 2.06 2.37 

2.51 1.62 2.06 2.11 

2.51 1.62 2.06 2.59 

2.51 1.62 2.06 2.18 

2.51 1.62 2.06 2.18 

2.51 1.62 2.06 2.68 

2.51 1.62 2.06 1.55 

2.51 1.62 2.06 1.39 

2.51 1.62 2.06 2.55 

2.51 1.62 2.06 2.17 

2.51 1.62 2.06 1.69 

2.51 1.62 2.06 2.72 

2.51 1.62 2.06 1.62 

 

Box 5 
 

Table 4 

Normality tests 

 

 

 

 

 

 

 

Box 5 
 

 
 
Figure 2 

Normality 

 

Reading and Interpretation (Normality) 

 

The variables, ‘Do you have knowledge of risk 

prevention?’ (6) and ‘Do you have training in 

cutting off the electricity supply in an 

emergency?’ (9) exceed the upper limit of 

normality and are therefore significant in this 

study project, interpreting that the respondents 

64.24% have no knowledge of this. The 

variables, Is there an emotional family bond? 

(10), and Do you communicate with your 

colleagues? (11), Do you receive favourable and 

supportive comments from your colleagues? 

(16), are below the lower limit of normality, 

indicating that they are not significant in risk 

prevention factors due to a lack of training and 

not knowing what to do in an emergency. The 

rest of the variables are within the normal range 

at ± 1δ. Therefore, the main hypothesis is 

accepted. The more students learn about risk 

prevention factors, the more comprehensive 

their training in transformation and decision-

making in organisations will be. 

 

Lilliefors significance correction. 

 

Source: SPSS system. Version .25 

 

The normality test is performed to identify the 

applicable type of statistics (see table in Annex 

27). 

 

In the normality test 

 

We will use the Kolmogorov-Smirnov test, as 

we have N= 165 data points, and the Shapiro-

Wilk test is used with data sets of less than 50 

data points. 

 

 

 

Series3 Series4 Series1 Series2 

16 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 

0 

0.5 

1 

1.39 

1.55 
1.62 1.56 

1.5 
1.61 

1.69 

2.04 2 

2.55 

2.37 

2.5 
2.59 

2.72 2.68 

3 

Normality Chart 



6 

Journal High School                                                                9[20]1-9: e6920109 

Article 
 

 ISSN:2523-0336 

RENIECYT-SECIHTI: 1702902 

ECORFAN® All rights reserved. 

 

Gonzalez-de la Garza, José Gerardo, De la-Garza-Cienfuegos, Sandra 

Patricia, Otriz-Ozuna Mayra Yazmin and Aguilar-Sánchez, Ana María. 

[2025].  Key risk prevention factors, student transformation towards the 
Organization. Journal High School. 9[20]1-9: e6920109 

https://doi.org/10.35429/JHS.2025.9.20.6.1.9 

 

Proposing the hypotheses 

 

Ho= The data has a normal distribution 

Ha= The data does not have a normal 

distribution 

 

Significance level 

Confidence level = 95% 

Significance (alpha) = 5% 

 

Decision criterion 

If p< 0.05, we reject Ho and accept Haa 

If p>0.05, we accept Ho and reject Ha 

 

Decision and conclusion 

 

As p=0 < 0.05, we reject Ho, i.e. the data do not 

have a normal distribution, and we accept Ha, i.e. 

the data do not have a normal distribution. 

Therefore, we will apply non-parametric 

statistics. 

 

Box 6 
 

 
 

Figure 3 

78.79% of respondents are aged between 18 and 27. 

 

Box 7 
 

 
 
Figure 4 

25.45% of respondents mention suffering from anxiety 

when taking an exam. 

 

 

 

Box 8 

 
 
Figure 5 

Only 4.85% of respondents feel knowledgeable about risk 

prevention. 

 

Box 9 

 
 

Figure 6 

Only 3.03% of students are trained in case of an electrical 

emergency. 

 

Box 10 
 

 
 
Figure 7 

55.15% mentioned feeling stressed when taking the course 

online, due to occasional internet failures. 

 

 

 

 

 

 

 

 

 

43.64%

35.15%

17.58%
3.64%

Edad

18-22 22-27 28-33 35 O MAS

25.45%

38.18%

36.36%

Do you suffer from anxiety when taking 
exams?

CASI SIEMPRE A VECES NUNCA

4.85%

30.91%

64.24%

Do you have knowledge of risk prevention?

CASI SIEMPRE A VECES NUNCA

3.03%

25.45%

71.52%

Do you have training for emergencies, such 
as when the power goes out?

CASI SIEMPRE A VECES NUNCA

27.88%

27.27%

44.85%

Do you feel stressed about online subjects?

CASI SIEMPRE A VECES NUNCA
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Conclusions 

 

The main risk prevention factors in the country's 

universities found qualitatively. 

 

School safety is a discipline that involves 

the protection of students and teachers (Diaz 

Vicario, 2021). 

 

Risk factors 

 

− Design and use of small school spaces in 

overcrowded conditions. 

− Lack of attention to discipline 

− Instability 

− Risks of harassment of teachers by 

students or vice versa 

− Bullying 

− Lack of supervision 

− Eye and cardiovascular diseases, 

disabilities. 
 

Main risk prevention factors 

 

− Positive school climate 

− Clear and high expectations for student 

performance 

− Inclusive values and practices 

− Student environment of camaraderie 

− High levels of participation among 

teachers, students, and families 

− Opportunities for students to acquire 

skills and abilities 

− Health prevention programmes  

− Prevention and support programmes for 

emotions such as stress and anxiety. 

 

Conflict resolution strategies 

 

In areas as important as safety and health, which 

guarantee and protect human beings, it is 

possible to take measures at school, contributing 

to a culture of prevention of school risks and the 

possibility of avoiding them, by providing 

training on a series of preventive actions. 

 

With regard to the diagnosis made of 

university students, when measuring the degree 

of knowledge in school accident prevention, 

safety and health education must be a continuous 

process with safety update programmes, 

promoting training for teachers and students in 

case. of an emergency, it is very important to 

know what to do and to act responsibly in order 

to save a life.  

 

According to the fieldwork carried out, 

the results found are significant, as 95.15% of 

students do not feel trained to act responsibly in 

the event of an emergency, and 96.97% do not 

know how to act appropriately in the event of an 

electrical emergency. Therefore, the main 

hypothesis is accepted: the more students learn 

about risk prevention factors, the more 

comprehensive their training in transformation 

and decision-making in organisations will be.  

 

The importance of having a culture of 

risk prevention among university students is a 

determining factor in the acquisition of 

knowledge so that graduates can fulfil their 

professional duties in organisations. 

 

Safety Strategies 

 

1. Have a parent or guardian register 

2. Organise university safety workshops 

3. Organise conferences 

4. Organise drills 

5. Have surveillance of access to the faculty 

6. Nursing unit 

7. Have fire extinguishers and risk 

equipment 

8. Put the safety manual into practice 

 

It is necessary to constantly assess risks 

and decide which strategy is appropriate for the 

needs of the educational centre. 

 

The risk culture focuses on three 

concepts 

 

1. Prevention 

2. Emergency 

3. Reconstruction 

 

Activities carried out as preventive 

measures, thereby reducing risks. Leue, Cruz & 

Ocampo, (2011). 

 

Based on the results found, the following 

model, developed in-house, is shown for school 

safety and risk prevention. 
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Box 11 

 

Figure 8 

School Risk Prevention Model 

 

Own development. - Guidance and 

recommendations for the implementation of 

school emergency protocols as part of the safety 

plan development process, seeking to take action 

within the educational community that will 

enable them to prepare and respond effectively 

and efficiently in the event of a disaster or 

emergency.      

 

Risk prevention begins with planning, 

through an assessment of the most common risks 

in schools, where prevention strategies are 

applied in the following areas: 

 

1. Prevention of cardiovascular disease 

2. Prevention of obesity 

3. Prevention of emotional problems 

4. Prevention of drug addiction 

5. Prevention in infrastructure 

6. Prevention of sports risks 

7. Prevention of electrical risks 

8. Prevention of bullying risks 

 

Create a training manual for teachers and 

students on how to respond in the event of an 

emergency. 
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Abstract 

 

This study analyzes the impact of mentoring in higher education through a 

bibliometric review of research published between 1993 and 2025 in the Scopus 

database. It identifies key trends, influential authors, collaboration networks, and 

emerging themes related to professional development, equity, diversity, and 

inclusion. Using tools such as Biblioshiny and VOSviewer, thematic clusters and 

relationships among keywords, authors, and journals were visualized. The findings 

reveal a growing interest in mentoring as a strategy to enhance student retention, 

leadership, and academic development, particularly among underrepresented 

populations. Institutional and cultural barriers that hinder effective implementation 

were also identified, emphasizing the need for structured, sustainable, and culturally 

relevant programs. The analysis further highlights the increasing role of digital 

technologies in mentoring models, while noting that these do not replace the value 

of human support. The study concludes that mentoring is essential for promoting 

more inclusive, equitable, and academically supportive educational environments. 

 

 
 

Mentoring, Higher education, Bibliometrics 

 

 

Resumen 

 

La investigación analiza el impacto de la mentoría en la educación superior 

mediante una revisión bibliométrica de estudios publicados entre 1993 y 2025 en 

Scopus. Se identifican tendencias, autores influyentes, redes de colaboración y 

temas emergentes relacionados al desarrollo profesional, la equidad, la diversidad 

y la inclusión. Con herramientas como Biblioshiny y VOSviewer se visualizaron 

clústeres temáticos y relaciones entre palabras clave, autores y revistas. Los 

resultados muestran un creciente interés por la mentoría como estrategia para 

mejorar la retención estudiantil, el liderazgo y la formación académica, 

especialmente en poblaciones subrepresentadas. También se observan barreras 

institucionales y culturales que dificultan su implementación, lo que subraya la 

necesidad de programas estructurados y culturalmente pertinentes. Asimismo, se 

destaca el papel emergente de las tecnologías digitales en los modelos de mentoría, 

sin sustituir el valor del acompañamiento humano. Se concluye que la mentoría es 

esencial para promover entornos educativos más inclusivos y equitativos. 
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Introduction 

 

In recent decades, mentoring in higher education 

has established itself as a key strategy for 

promoting the academic, professional, and 

personal development of university students. 

Several studies have shown that mentoring 

relationships contribute significantly to student 

success, strengthen career paths and even 

promote institutional transformations aimed at 

equity and inclusion (Risner et al., 2020; Lund et 

al., 2019). 

 

Mentoring has become key to 

personalised support, promoting formative 

dialogue and integrating both teachers and 

students within their respective educational 

contexts. At the same time, its value has been 

recognised in addressing specific issues such as 

gender inequality, organisational barriers and the 

lack of representation of historically 

marginalised groups (Barner et al., 2023; Cullen 

and Luna, 1993). From the teaching staff's point 

of view, this practice becomes a key factor in 

retaining academics, thereby strengthening 

continuous assessment programmes. All these 

mechanisms are highly effective but are affected 

by a lack of time and resources (Fountain and 

Newcomer, 2016). 

 

Therefore, higher education institutions 

are in an initial phase of incorporating solid 

principles of equity, diversity, and inclusion into 

their policy structures, recognising that access 

alone does not guarantee the academic or 

professional success of their students (Misra et 

al., 2017). Similarly, mentoring is not only part 

of individual support, but also a tool that 

transforms and creates more equitable and 

diverse educational environments. 

 

In turn, new information technologies are 

being integrated into the training processes of 

mentoring models with the support of artificial 

intelligence, opening up possibilities for 

improvement in academic support without 

leaving behind the academic support that will 

always be key within these processes as the 

central axis of the training process (Chang et al., 

2024). 

 

The aim of this research is to analyse, 

based on a bibliometric review, the main trends, 

approaches and challenges related to mentoring 

in higher education, emphasising its link to 

professional development, equity and inclusion.  

To this end, an exhaustive analysis of the 

scientific output indexed in the Scopus database 

is carried out, using specialised tools such as 

Biblioshiny and VOSviewer, which allow the 

identification of thematic patterns, collaboration 

networks and influential authors in the field of 

study. 

 

Mentoring in higher education 

 

Mentoring in the context of higher education has 

established itself as a fundamental strategy for 

supporting the academic, professional and 

personal development of university students. It 

mentions that the use of mentoring improves 

academic results, while also focusing on how 

mentoring effectively transforms students, 

contributing both to their individual success and 

to institutional development. 

 

Mentoring in higher education is based 

on identifying key situations for students in 

which a close and effective relationship with the 

mentor can be established in order to promote 

dialogue and professional development. It also 

mentions that mentoring is crucial for addressing 

gender inequality, especially in the development 

of leadership skills. 

 

 They argue that mentoring is a valuable 

resource, as it not only impacts students but also 

develops skills in mentors. They mention that 

mentoring is identified as a powerful resource, 

but it can be limited by cultural and 

organisational barriers. 

 

From the perspective of faculty, 

mentoring facilitates the integration of new 

teachers, which benefits higher education 

institutions in terms of faculty retention and 

development and strengthens continuous 

assessment programmes. At the same time, they 

mention that less experienced academics often 

find it difficult to access mentors due to a lack of 

time, which limits their ability to participate in 

the mentoring process. 

 

They mention that the Backpack-to-

Briefcase programme connects students by 

developing various necessary skills with which 

they can establish networks for employability in 

pursuit of their professional development. 

 

 

 

 

 

https://doi.org/10.1371/journal.pone.0238518
https://doi.org/10.1002/pits.22284
https://doi.org/10.1002/pits.22284
https://doi.org/10.1016/j.japh.2022.08.016
https://doi.org/10.1080/0954025930050201
https://doi.org/10.1080/0954025930050201
https://doi.org/10.1080/0954025930050201
https://doi.org/10.1080/0954025930050201
https://doi.org/10.3390/socsci6010025
https://doi.org/10.3390/socsci6010025
https://doi.org/10.3389/frai.2024.1461137
https://doi.org/10.3389/frai.2024.1461137


3 

Journal High School                                                                9[20]1-10: e7920110 

Article 
 

 ISSN:2523-0336 

RENIECYT-SECIHTI: 1702902 

ECORFAN® All rights reserved. 

 

Barradas-Arenas, Ulises Daniel, Vázquez, Ma-Rosario and Pérez-Cruz, 
J. A. [2025].  Outcomes of mentoring in access to higher education and 

professional development: A Bibliometric analysis. Journal High 

School. 9[20]1-10: e7920110 
https://doi.org/10.35429/JHS.2025.9.20.7.1.10 

 

Equity, diversity and inclusion 

 

In recent decades, higher education institutions 

have intensified their efforts to build more 

equitable, diverse, and inclusive environments, 

aware that access to education alone does not 

guarantee the retention or academic success of 

all students. They mention that by ensuring 

equitable access to resources, recognition, and 

relationships, solid support can be built to 

improve gender equity in academic settings. 

 

From a mentoring perspective, increased 

confidence is a benefit that can be relevant to the 

creation of inclusive environments. Universities 

need to make efforts to include inclusive and 

equitable work cultures, so that students, 

regardless of their background, receive the same 

level of support and opportunities for 

professional development.  

 

Learning communities offer 

opportunities for higher education institutions to 

create more inclusive organisational cultures. In 

turn, it mentions that academic leadership is 

suffering from gender inequality, which is why 

greater female representation is required to 

promote equality. The excess of men in 

mentoring is a limiting factor for the 

professional development of women, all of 

which limits equity and diversity in higher 

education. Therefore, it is necessary to cultivate 

gender diversity by promoting new academic 

leaders with a greater understanding that 

highlights the importance of equity. All of this 

must be aligned with aspirations, competencies, 

and cultural context. 

 

Impact of new information technologies on 

mentoring 

 

Information technologies have been assertively 

incorporated into the construction of mentoring 

models for university students based on artificial 

intelligence. Despite their high level of 

efficiency, human mentors remain essential for 

providing personalised support and cultural 

sensitivity, which is crucial for inclusive and 

equitable mentoring. 

 

Some universities use social media 

platforms to implement online mentoring spaces 

where teachers share their experiences and 

strategies, generating new forms of mentoring 

with attractive and innovative techniques. 

 

 

Methodology 

 

This section details the procedure used to select 

the articles that make up the information 

database used in the research. It explains the 

inclusion and exclusion criteria applied, as well 

as the sources consulted and the search strategies 

implemented to ensure the collection of relevant, 

high-quality documents. 

 

It also provides a comprehensive 

description of the process of analysing the 

information contained in the database, 

specifying the techniques and tools used for the 

categorisation, synthesis and interpretation of 

the extracted data. Key methodological aspects 

are included, such as the analysis approach, 

coding criteria and strategies used to ensure the 

validity and reliability of the information 

processed. 

 

Selection of articles 

 

The Scopus database was used for this study, in 

which 158 studies were found. The terms 

mentoring, higher education, and professional 

development were used to integrate the search 

formula. Table 1 shows the integrated formula 

according to its categories, types of documents, 

and time frame. 

 

Box 1 
 

Table 1 

Search formula 

 

Formula (TITLE-ABS-KEY ("mentorship" OR 

"mentoring" OR "mentor program" OR 

"mentoring relationship") AND 

TITLE-ABS-KEY ("higher education" 

OR "college access" OR "university 

admission" OR "tertiary education”) 

AND TITLE-ABS-KEY ("career 

development" OR "professional 

growth" OR "employment outcomes" 

OR "career advancement" OR "job 

placement")) 

 

Categories University mentoring 

Types of 

documents 

Articles, book chapters, theses, books 

Temporality 1993-2025 

 

Source: Own Creation 
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Analysis of selected information 

 

Complete information and references for the 158 

articles were extracted from SCOPUS. This 

information was used to create the database for 

this study. The bibliometric analysis was 

performed using the biblioshiny and VOSviewer 

tools. Using biblioshiny for the bibliometric 

review, an analysis was performed on the articles 

published per year in the study for the period 

1993 to 2025. 

 

Within the VOSviewer tool, various 

analyses were carried out with the aim of 

examining the underlying relationships and 

structures in the selected database. Through this 

bibliometric analysis platform, multiple aspects 

related to scientific production and the 

interaction between authors, institutions, 

keywords, and cited references were explored, 

which are mentioned below: 

 

1. The bibliographic coupling analysis 

between academic journals shows how 

different journals are related based on 

shared references, allowing for the 

identification of thematic nuclei and 

implicit collaborations in the field of 

study. 

 

2. In turn, an analysis of the co-occurrence 

of keywords and authors is carried out. 

This type of analysis is useful for 

understanding how research topics are 

grouped and which authors are 

associated with certain keywords. The 

bibliographic coupling map is used to 

analyse the relationship between 

documents based on the references they 

share. The co-citation map of referenced 

citations identifies which authors or 

works have been cited together most 

frequently in the academic literature. 

 

3. The co-citation map of academic sources 

allows us to identify how journals and 

academic sources are grouped based on 

how many times they are cited together 

in other scientific articles. In turn, the co-

citation map of authors allows us to 

identify which authors have been cited 

together most frequently in academic 

literature, which helps us understand the 

thematic relationships within a field of 

research. 

 

 

In the case of the Biblioshiny tool, a 

detailed bibliometric analysis was carried out 

with the aim of examining scientific output, 

collaboration networks and research trends 

within the selected field of study. The main 

analyses carried out are described below: 

 

1. Annual scientific output: this shows the 

evolution of annual scientific output in 

terms of articles published from 

approximately 1993 to 2025. Average 

Citations per Year shows the evolution of 

the average number of citations per 

article. 

 

2. Scientific output by institutional 

affiliation. Most universities began their 

output in the last decade, which could 

indicate a recent surge in interest in 

research on mentoring, professional 

development, and training in higher 

education. 
 

Documents with the highest number of 

citations. Taken together, these works stand out 

not only for their volume of citations, but also 

for their relevance and ability to guide new lines 

of research, especially on issues related to equity, 

academic leadership, and institutional strategies 

to support professional development. 

 

Results 

 

This section presents the results of the 

bibliometric review and explains scientific 

progress through the publication of articles in 

highly relevant journals. It then presents network 

analyses with the aim of recognising and 

analysing clusters of knowledge. Finally, it 

shows network analyses, bibliographic coupling, 

annual scientific output, and documents with the 

highest number of citations. 

 

Co-occurrence and co-word network analysis 

 

Based on a database of 158 articles, a network 

analysis was performed by co-occurrence and 

co-words of 777 keywords used by the authors. 

In accordance with the restrictions managed by 

the VOSviewer tool, 65 keywords with a 

minimum of three occurrences were taken 

(Figure 1). According to the results obtained, a 

dense network with various interconnected 

words can be observed, with a total of four 

clusters. The yellow ones are related to higher 

education, peer mentoring, medical schools, and 

well-being. 
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The red clusters focus on the terms 

students, inclusion, equity, engineering 

education, and student development. 

 

The green clusters are related to 

university, education, humans, professional 

competence, scientific articles, and surveys. The 

blue clusters include terms associated with 

mentoring, career development, leadership, 

gender, and diversity. Several key connections 

can be observed, such as higher education, 

which is a central node connecting multiple 

areas, indicating that it is a broad and highly 

relevant topic. In turn, mentoring and career 

development are strongly interconnected with 

terms such as mentors, leadership, and gender 

equity. Finally, students and employability are 

related to engineering education, equity, and 

professional development. 

 

Box 2 

 
 

Figure 1 

Co-occurrence of keywords used by the author 

separated by clusters about mentoring in access to 

higher education and professional development. 

Source: Own elaboration based on SCOPUS using 

VOSviewer 

 

These clusters allow us to identify the 

impact of mentoring on higher education, 

professional development, and gender equality. 

Career development and leadership are key 

topics within the analysis. There are connections 

between mentoring, medical education, and 

well-being, suggesting a focus on the 

professional training of university students. In 

turn, the analysis of terms such as inclusion and 

equity highlights the importance of diversity in 

educational processes. 
 

 

 

 

Analysis of the co-citation network of authors, 

countries, and institutions 
 

This analysis allows us to identify which authors 

have been cited together most frequently in 

academic literature, which helps us understand 

the thematic relationships within a field of 

research. Within this research project, 

VOSviewer was used to calculate and generate a 

map of joint citations of authors. The analysis 

identified a co-citation network of authors 

comprising 11,152 authors described in the 

reference lists of the documents in the database. 

A threshold of no less than nine co-citations per 

author was set, which produced a co-citation 

map comprising 63 authors (Figure 2). 

 

Authors such as Johnson, Allen, Lentz, 

Poteet, and Chao, who have developed in the 

field of mentoring, academic tutoring, and career 

development, form the yellow cluster. In turn, 

authors who have researched leadership 

priorities, workplace mentoring, and 

organisational development, such as Ragins, 

Strauss, Johnsrud, and Dreher, belong to the 

green cluster.  

On the other hand, related authors 

working in academic networks, mentoring in 

science, and collaboration in higher education 

are Scandura, Blackburn, Sullivan, and Baruch 

in the blue cluster. The red cluster includes Kram, 

Carnes, O'Meara, and Griffin and their presence 

in academic mentoring research with an 

emphasis on gender equity and inclusion in 

higher education. Finally, the purple cluster is 

composed of Braun, Jackson, and Bridgestock, 

who have generated new methodologies for 

evaluating the impact of mentoring and 

professional development in education and the 

labour market. 

 

Johnson and Allen have key connections 

with other researchers in mentoring and 

professional development, indicating that they 

are key references in this field. Kram K.E. is a 

central author in the red group, suggesting that 

his work on mentoring and professional 

networks is fundamental to studies on equity and 

inclusion. 
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Box 3 
 

 
 

Figure 2 

Co-citation of authors on mentoring in access to higher 

education and professional development 

Source: Own elaboration based on SCOPUS using 

VOSviewer. 

 

Analysis of bibliographic coupling between 

academic journals 

 

The analysis of bibliographic coupling between 

sources reveals a structured network of academic 

journals that share common references, which 

demonstrates the existence of consolidated 

thematic communities within the field of study. 

The International Journal of Mentoring and 

Coaching in Education is positioned as a central 

node within the map, highlighting its 

coordinating role in research on mentoring in 

educational contexts (Figure 3). 

 

Box 4 

 
 

Figure 3 

Bibliographic linkage between academic journals on 

mentoring in access to higher education and 

professional development. 

Source: Prepared internally from SCOPUS based on 

VOSviewer 

 

Several clearly defined thematic clusters 

can be seen around it. The first group, made up 

of journals such as Mentoring and Tutoring: 

Partnership in Learning, Education and Training, 

and BMC Medical Education, focuses on 

professional and medical training, which 

corroborates the interest in mentoring across all 

technical-clinical divides.  

The second group, comprising 

publications such as Studies in Higher Education, 

Higher Education, and Higher Education 

Research and Development, illustrates scientific 

output on higher education policies, practices, 

and descriptive evaluation. 

 

Scientific output by institutional affiliation 

 

The graph below shows the evolution in the 

number of publications generated by various 

universities between 2001 and 2025. The trend 

shows a gradual and, in some cases, accelerated 

growth in the production of articles related to 

research on mentoring and higher education 

(Figure 4). 

 

It can be seen that Vanderbilt University 

leads as the institution with a recent increase in 

research output, with a total of 17 publications 

by 2023, remaining the leader in terms of 

volume. It is closely followed by Griffith 

University, which has shown sustained growth 

since 2012, ranking second from 2024 onwards. 

Universities such as Southampton, Tasmania, 

and Texas show consistent participation, 

especially since 2018. The graph shows that 

most universities began their production in the 

last decade, which could indicate a recent surge 

in interest in research on mentoring, professional 

development, and training in higher education. 

 

Box 5 
 

 
 

Figure 4 

Scientific output by institutional affiliation on 

mentoring in access to higher education and 

professional development 

Source: Own elaboration based on SCOPUS using 

Bibliometrix 

 

Annual scientific output 

 

The graph shows a dynamic evolution in the 

generation of publications over time. From the 

first records in the 1990s, output was sporadic 

and low, not exceeding five articles per year until 

approximately 2014 (Figure 5). 
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Box 6 
 

 
 

Figure 5 

Annual scientific output on mentoring in access to 

higher education and professional development. 

Source: Own elaboration based on SCOPUS using 

Bibliometrix. 

 

It can be seen that 2015 shows steady 

growth, with significant peaks in 2018, 2022 and 

2024, especially in 2024, when the highest 

number of publications (more than 25 articles) 

was reached, reflecting a boom in interest and 

consolidation of research in this field. The 

increase is related to the strengthening of 

academic networks, the consolidation of lines of 

research on mentoring, equity and professional 

development, as well as greater visibility of 

these issues on the global educational agenda. In 

turn, this trend confirms the growing academic 

and scientific interest in the topics addressed by 

this study, as well as the contemporary relevance 

of mentoring in higher education as a subject of 

research. 

 

Documents with the highest number of 

citations 

 

Bibliometric analysis of the most cited 

documents reveals a set of fundamental works 

that have shaped the field of research on 

mentoring, professional development and higher 

education. In absolute terms, the article by 

Zellers et al. (2008) ranks as the most cited, with 

167 citations and an annual average of 9.28 

citations, which denotes its sustained influence 

over time. However, when considering the 

citation rate per year and its normalised impact, 

the work of Zacher et al. (2019) stands out, with 

a total of 120 citations, an annual average of 

17.14 and a normalised citation rate (NCR) of 

5.78, indicating high visibility and recent impact 

in the academic literature (Table 2). 

 

 

 

 

Other reference documents include 

Girves et al. (2005) and Santos & Reigadas 

(2002), both with 116 citations, which have been 

widely used as theoretical references in research 

on academic mentoring, particularly in 

underrepresented populations. Also relevant is 

the contribution of Cross et al. (2019), with 84 

citations and an TCn of 4.04, reflecting its 

growing influence in contemporary studies. 

 

Box 7 
 
Table 2 
Documents with the highest number of citations on 

mentoring in access to higher education and 

professional development. 

 
Document Total 

citations 

CT 

scan 

per 

year 

Tc 

Standardised 

(Zellers et al., 

2008) 

167 9.28 3.40 

(Zacher et al., 

2019) 

120 17.14 5.78 

(Girves et al., 

2005) 

116 5.52 2.51 

(Santos & 

Reigadas, 

2002) 

116 4.83 1.98 

(Cross et al., 

2019) 

84 12 4.04 

(Green et al., 

2008) 

84 4.67 1.71 

(Campbell et 

al., 2012) 

62 4.43 2.64 

(Okolie et al., 

2020) 

50 8.33 3.03 

(Crawford & 

Smith, 2005) 

50 2.38 1.08 

 

Source: Own Creation 

 

Discussion 

 

This systematic review has consistently shown 

that mentoring programmes in higher education 

have a significant and positive impact on the 

academic, professional and psychosocial 

development of students and academics, 

particularly those belonging to historically 

underrepresented groups. In line with the 

findings of Girves (2005) and Zellers et al. 

(2008), it has been confirmed that structured 

mentoring contributes to greater retention, 

academic satisfaction and career development, 

which is especially relevant in contexts of 

diversity and inclusion. 
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One of the most notable contributions is 

the validation of the ethnically matched 

mentoring model for Latino students (Santos and 

Reigadas, 2002), who report higher levels of 

academic self-efficacy and clarity in their goals 

when guided by mentors of the same ethnicity. 

This result coincides with the literature's 

emphasis on the importance of sociocultural 

factors in mentoring relationships. Likewise, it 

was observed that the frequency and quality of 

mentor-mentee contact directly affects the 

perception of support and satisfaction with the 

programmes. 

 

With regard to specific populations, 

studies such as that by Crawford and Smith 

(2005) show that the lack of mentoring for 

African American women in administrative 

positions generates feelings of isolation and 

frustration, reinforcing the need for institutional 

strategies to promote accessible and sustainable 

mentoring relationships. Along the same lines, 

Cross et al. (2019) highlight that, for female 

academics in health, mentoring improves self-

confidence, job satisfaction and professional 

development, but they also point to institutional 

barriers, such as the lack of formal recognition 

and the imbalance between workloads and 

mentoring opportunities. 

 

Another important finding is the link 

between mentoring and leadership development, 

as demonstrated by Campbell et al. (2012), who 

identify that mentors who promote personal 

development and leadership empowerment 

favour the formation of socially responsible 

leadership skills in students. This aspect 

broadens the traditional view of mentoring 

beyond academic guidance to a comprehensive 

training approach. 

 

On the other hand, the review also 

reveals certain limitations in the current 

literature. Many studies lack rigorous 

comparative or longitudinal methodologies that 

allow clear causal relationships to be established, 

as pointed out by Zellers et al. (2008). In addition, 

there remains a gap in the evaluation of 

mentoring programmes in international contexts 

and in the later stages of academic careers, as 

noted by Zacher et al. (2018), who urge the 

integration of theories such as career 

development throughout the life cycle. 

 

 

 

Finally, innovative proposals were 

identified, such as the creation of professional 

training centres with mentoring services (Okolie 

et al., 2020), which could constitute a replicable 

model in various institutions to institutionalise 

mentoring as a systematic practice. 

 

In summary, the results of this review 

highlight the transformative value of mentoring 

in higher education, but also draw attention to 

the need for greater research rigour, contextual 

inclusion, and programme design that is 

sensitive to cultural, gender, and career stage 

differences. 

 

Conclusions 

 

The bibliometric review shows that mentoring in 

higher education is a fundamental tool for the 

academic, professional and personal 

development of students and academics, 

especially those belonging to historically 

underrepresented groups. The growing evolution 

in scientific production and academic interest 

reflects the consolidation of this field as a 

relevant subject of study at the global level. 

 

Analyses conducted with tools such as 

VOSviewer and Biblioshiny identified thematic 

clusters, influential authors, and collaborative 

networks between institutions and countries. 

Topics such as gender equity, inclusion, 

academic leadership, and professional training 

stand out as central themes in recent literature. In 

turn, a strong interconnection between 

mentoring, career development, and higher 

education was found, underscoring the 

comprehensive approach taken by this line of 

research. 

 

It is concluded that well-structured 

mentoring programmes have a proven positive 

impact on student retention, academic 

satisfaction, and leadership development. 

However, significant challenges remain, such as 

a lack of institutional recognition, the need for 

sustainable and culturally sensitive programmes, 

and a lack of longitudinal and comparative 

studies to strengthen the empirical evidence. 

 

Finally, it is suggested that higher 

education institutions adopt contextualised 

mentoring models, promote mentor training, and 

foster organisational structures that support this 

practice as an integral part of their academic and 

professional development policies. 
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