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ABSTRACT

The objective of this study is to quantitatively analyse the benefits and incentives of using ChatGPT from students’ perspec-
tives. An initial pool of items encompassing various benefits of ChatGPT for students, has been generated on the basis of
extant literature. To validate the benefits quantitatively, primary data has been collected using structured questionnaires
from 515 students studying in higher educational institutions (HEIs) of Delhi - National Capital Region (NCR), India. Explo-
ratory factor analysis (EFA) was performed to uncover the underlying structure of perceived benefits of using ChatGPT. Fur-
ther, confirmatory factor analysis (CFA) was employed to confirm the factor structure and ensure the reliability and validity
of the identified categories of benefits. The findings indicate six key categories, namely “Learning Support”, “Content Ge-
neration”, “Knowledge Acquisition”, “Personalized Learning”, “Academic Writing”, and “Efficiency”. Each category reflects
different aspects of how ChatGPT enhances the educational experience for students. The study aims to tools in education
by providing empirical evidence on the specific benefits of ChatGPT. Practically, the study provides valuable insights for
educators, academic institutions, and policymakers on how to effectively integrate ChatGPT and similar Al tools into the
curriculum.

KEYWORDS Artificial Intelligence, ChatGPT, Benefits, Confirmatory Factor Analysis, Exploratory Factor Analysis, Students

RESUMEN

El objetivo de este estudio es analizar cuantitativamente los beneficios e incentivos del uso de ChatGPT desde la pers-
pectiva de los estudiantes. Se generd un conjunto inicial de preguntas que abarcan diversos beneficios de ChatGPT para
los estudiantes, basandose en la literatura existente. Para validar cuantitativamente los beneficios, se recopilaron datos
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primarios mediante cuestionarios estructurados de 515 estudiantes de instituciones de educacion superior (IES) de Delhi,
Region de la Capital Nacional (NCR), India. Se realizé un andlisis factorial exploratorio (AFE) para descubrir la estructura
subyacente de los beneficios percibidos del uso de ChatGPT. Ademas, se empled un andlisis factorial confirmatorio (AFC)
para confirmar la estructura factorial y garantizar la fiabilidad y validez de las categorias de beneficios identificadas. Los
hallazgos indican seis categorias clave: “Apoyo al aprendizaje”, “Generacidn de contenido”, “Adquisicion de conocimien-
tos”, “Aprendizaje personalizado”, “Redaccién académica” y “Eficiencia”. Cada categoria refleja diferentes aspectos de
c6mo ChatGPT mejora la experiencia educativa de los estudiantes. El estudio proporciona evidencias empiricas sobre los
beneficios especificos de ChatGPT. En la practica, facilita informacidn valiosa para educadores, instituciones académicas
y legisladores sobre como integrar eficazmente ChatGPT y herramientas de IA similares en el curriculo.

PALABRAS CLAVE inteligencia artificial, ChatGPT, beneficios, analisis factorial confirmatorio, analisis factorial exploratorio,
estudiantes

1. INTRODUCTION

1.1. Emergence of ChatGPT in higher education

Artificial Intelligence (Al) stands as one of the most transformative technological advancements impacting
the education sector. Within the realm of Al, Natural Language Processing (NLP) has facilitated the develop-
ment of chatbots powered by Large Language Models (LLMs), enabling them to comprehend and generate
human-like responses (Albadarin et al., 2024). These Al-driven chatbots have the potential to enrich stu-
dent learning by offering self-directed study recommendations and personalized guidance (Shoufan, 2023).
Among them, Chat Generative Pre-Trained Transformer (ChatGPT), launched by OpenAl in late 2022, has
emerged as a particularly influential tool in educational contexts (Onyekwere & Enamul, 2025; Vazquez-Ca-
no et al., 2023). ChatGPT has gained considerable popularity among students because of its capabilities
in providing human-like assistance in idea generation and writing samples (Dai et al., 2023); producing
well-structured, informative and contextually appropriate responses (Farhi et al., 2023; Rudolph et al., 2023;
Singh et.al., 2025); offering advice on the structural aspects of a text (Imran & Almusharraf, 2023); and ef-
ficiently performing the tasks related to natural language processing such as translation, guided writing,
summarizing, and so on (King, 2023; Kohnke et al., 2023). Because of the impressive abilities of ChatGPT,
scholars believe that ChatGPT will become an integral part of writing, as computers and calculators have
become essential parts of science and mathematics (McMurtrie, 2023). Hence, some researchers recom-
mend that students should be involved with ChatGPT in order to facilitate learning, rather than prohibiting
its usage (Sharples, 2022).

1.2. Existing research on educational benefits of ChatGPT

Highlighting the learning opportunities provided by ChatGPT for all levels of education, Kasneci et al. (2023)
opine that ChatGPT can not only develop reading, writing, thinking, and problem-solving skills in students,
but can also empower learners with disabilities. Further, some studies have also highlighted the strengths
of ChatGPT in knowledge management in higher education. For example, Farrokhnia et al. (2023) argued
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that ChatGPT serves as a natural language model by generating plausible answers and providing person-
alized responses in real-time. Similarly, Lee (2023) opined that ChatGPT serves as a virtual teaching assis-
tant by providing detailed and relevant information to students. Rasul et al. (2023) highlighted the benefits
of using ChatGPT in higher education which include personalized feedback, facilitating adaptive learning,
supporting research and data analysis, helping in automated administrative services and developing in-
novative assessments (Padilla-Hernandez et.al., 2019). Scholars have also indicated that ChatGPT helps in
fostering students’ performance, engagement and motivation (Albadarin et al., 2024). Furthermore, Firat
(2023) investigated the implications of ChatGPT by qualitatively analyzing the perceptions of students using
thematic content analysis. The author concluded that ChatGPT enhances learning experiences of students
by providing personalized instructions. Mahapatra (2024) indicated that ChatGPT has a positive impact on
academic writing skills of a student by using the mixed-methods intervention study. Shoufan (2023) qualita-
tively analyzed the perceptions of students and concluded that they perceive ChatGPT to be interesting, mo-
tivating, and helpful for their studies. Based on the university students’ perspectives, Jo (2024) concluded
that knowledge acquisition, knowledge application, personalization and novelty value contribute towards
the benefits of using ChatGPT. Ngo (2023) conducted a quantitative survey among university students and
identified several benefits of ChatGPT, including time efficiency, access to information across various do-

mains, personalized tutoring, and assistance in idea generation for writing tasks.

1.3. Rationale for quantitative Exploration of ChatGPT’s Educational Benefits

To gain a comprehensive understanding of the learning benefits of ChatGPT, this study adopts a quantitative
approach to explore students’ perspectives. Although both qualitative and quantitative approaches provide
important insights, a quantitative lens helps in systematic measurement and validation of the perceived
benefits of ChatGPT to the students. Further, analysing students’ perspective is crucial for designing user
friendly educational technologies that align with their needs and preferences (Chiu & Churchill, 2016; Ngo,
2023; Veletsianos & Moe, 2017). The initial studies have offered valuable insights into students’ perceptions
of ChatGPT (Godsk & Elving, 2024; Hojeij et al., 2024; Ngo, 2023; Shoufan, 2023; Zhang & Tur, 2024), and there
is a growing body of literature that highlights the need to systematically investigate the educational benefits
and challenges associated with these technologies (Baidoo-Anu & Owusu Ansah, 2023; Kasneci et al., 2023;
Rudolph et al., 2023). However, most of the existing studies are qualitative in nature, that rely on thematic
analyses, open-ended responses, or simple rating items (Ili¢ et.al, 2024; Wang & Fan, 2025). Also, several re-
cent studies have developed scales or survey items to assess specific aspects of students’ experiences with
ChatGPT —such as its perceived usefulness, academic support (Farhi et.al., 2023; Jo, 2024; Mohapatra, 2024;
Ngo, 2023; Shoufan, 2023), but there remains a lack of a comprehensive, validated instrument that captures
the full range of educational benefits perceived by students across multiple dimensions (Hoffmann et.al.,
2024). Recent researches have also emphasized the importance of understanding the student engagement
with Al for purposes such as content creation, academic writing support, and personalized learning (Cotton
et al., 2023; Dwivedi et al., 2023). Quantitative studies can complement qualitative inquiries by measuring

the extent and perceived effectiveness of Al-assisted learning tools across diverse educational dimensions.

Therefore, the present study attempts to quantitatively analyze the perceived benefits of using

ChatGPT among students. As ChatGPT continues to evolve and become more integrated in various aspects
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of education (Van Dis et al., 2023), the present study is imperative to maximize its benefits. To uncover the
underlying structure of perceived benefits of using ChatGPT, the study employs exploratory factor analysis
(EFA). Further, confirmatory factor analysis (CFA) is employed to confirm the factor structure and ensure
the reliability and validity of the identified categories of benefits. By quantitatively analyzing the benefits
of ChatGPT from students’ perspectives, the study seeks to provide an insightful and comprehensive un-

derstanding that can enhance its development, implementation, and utilization in the field of education.

The structure of the paper is as follows. Section 2 provides a review of relevant literature and outlines
the study’s conceptual framework. Section 3 details the research methodology adopted, while section 4
presents the data analysis and key findings. Finally, section 5 concludes the paper by summarizing the re-

sults, discussing their implications, and highlighting the study’s limitations.

2. MATERIAL AND METHOD

To develop a comprehensive scale for measuring the perceived benefits of using ChatGPT for students, we
followed a structured process grounded in recommended best practices in scale development (Boateng
et al., 2018; DeVellis, 2016). We began with an extensive review of empirical and conceptual literature on the
educational use of ChatGPT and other Al-powered tools, focusing on themes such as personalized learning,
knowledge acquisition, academic writing support, efficiency, and intelligent tutoring (Cotton et al., 2023;
Dwivedi et al., 2023). Based on this review, we extracted commonly cited benefits and translated them into
measurable statements aligned with our target population of students. In line with the established item
development practices, we ensured clarity, singularity of meaning, and the use of age-appropriate language
to suit our target student population (DeVellis, 2016; Hinkin, 1995). This process resulted in an initial pool of

41 items (see Table 1, in next page).

To establish face validity, and enhance the clarity and relevance of the items, we conducted in-depth
interviews with 10 domain experts, including 5 university teachers and 5 researchers, whose areas of spe-
cialization were related to the adoption and impact of educational technologies. Although the final survey
was administered to students, these experts were consulted due to their practical understanding of how
students interact with educational technologies. Their insights ensured that the item phrasing was age-ap-
propriate and clearly interpretable, and aligned with learning contexts. Based on their feedback, 11 items
that were observed to be redundant were dropped, and few items were reworded to enhance the under-

standability. Hence the initial pool was reduced to 30 items.

To validate the benefits quantitatively, we conducted a survey of students studying in higher educa-
tional institutions (HEIls) of Delhi - National Capital Region (NCR). 5 different HEIs were selected using con-
venience sampling, and self-administered questionnaires were distributed to the students of those HEls.
The questionnaire comprised 30 items assessing the perceived benefits of using ChatGPT (see Table 1),
measured on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Additionally, it
included demographic questions related to students’ gender, level of education, academic discipline, and
frequency of ChatGPT usage.
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TABLE 1. Items on ChatGPT’s benefits

ITEMS REFERENCE

+ ChatGPT enables me to build new knowledge basis existing knowledge. (11)
+ ChatGPT helps me gather varied information from various resources. (12)
+ ChatGPT can give me specific and tailored answers to my questions. (13)
+ ChatGPT can create personalized answers based on my input. (14)
« ChatGPT enhances productivity in task completion. (15)
R . Jo (2024)
+ ChatGPT simplifies task completion. (16)
« ChatGPT increases my productivity. (17)
+ ChatGPT is an effective learning and educational tool (I8)
+ ChatGPT helps me in meeting my learning objectives. (19)

+ ChatGPT assists me in improving my ability to work and is an effective learning tool. (110)

+ ChatGPT assists me to write articles and essays. (111)

« ChatGPT provides me with the best possible writing ideas. (112) .
Farhi et al.

« ChatGPT provides creative ideas to share with students. (113) (2023)

+ ChatGPT assists in language translation. (114)
+ ChatGPT is an effective tool for problem-solving. (115)

« ChatGPT enhances accuracy in sentence structure. (116)

+ ChatGPT provides explanations for language errors. (117)
Mahapatra

+ ChatGPT helps in improving accuracy of word choice. (118) (2024)

+ ChatGPT provides particular and specific information on the topic. (119)
« ChatGPT has faster writing speed. (120)

+ ChatGPT is a helpful and effective tool for learning. (121)
« ChatGPT is good as a complimentary learning resource. (122)

. . . . Shoufan (2023)
« ChatGPT provides explanations that are effective and appropriate. (123)

« ChatGPT responses are well-structured. (124)

+ ChatGPT can provide personalized tutoring and feedback according to my learning needs and progress. (125)

+ ChatGPT can illuminate ideas in writing. (126)

« ChatGPT can provide information in diverse fields. (127)

+ ChatGPT can help students save time. (128) Ngo (2023)
+ ChatGPT can assist students understand theories and concepts more effectively. (129)

« ChatGPT is capable of personalizing learning for students by delivering adaptive and individualized learning

experiences. (130)

Out of the 600 distributed questionnaires, a total of 528 responses were received, indicating a response
rate of 88%. Prior to analysis, rigorous data cleaning process was conducted to ensure data quality and
reliability. First, responses were checked for missing data. Questionnaires with substantial missing values
(e.g., more than 10% unanswered questions) were excluded, as incomplete data can bias results (Hair et al.,
2019). Second, responses were examined for vague or inconsistent answers, such as uniform use of a single
response option (e.g., marking all 3s or all 5s), which is indicative of straight-lining or inattentive responding
(Meade & Craig, 2012). Third, entries were screened for contradictory responses across related items. In
total, 13 responses were excluded based on these criteria, resulting in a final valid sample of 515 responses

used for further analysis.
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Table 2 indicates the profile of the respondents.

TABLE 2. Sample Profile

Variable Categories No. of respondents Response %
Female 271 52.6
Gender

Male 244 47.4
Under-graduate 312 60.6
Level of education Post-graduate 147 28.5
Doctoral 56 10.9
Management 218 42.3
Engineering 96 18.6
Science 75 14.6

Educational discipline
Commerce 62 12.0
Arts and Humanities 23 4.5
Media and Communication 41 8.0
Daily 225 43.7
Frequency of using ChatGPT Weekly 215 41.7
Occasional 75 14.6

3. RESULTS

We employed EFA and CFA techniques to identify various categories of ChatGPT’s benefits. Using the
cross-validation approach recommended in the literature (Murphy, 1984), we randomly divided the sample
into two parts: part 1 which was considered as the derivation sample, and part 2 which was considered as
the calibration sample. The derivation sample comprising 300 responses was used to explore the underly-
ing factor structure through EFA. This sample size was deemed adequate as it satisfies the widely accepted
guideline of at least 5 to 10 responses per item (Hair et al., 2019) and meets Comrey and Lee’s (1992) clas-
sification of 300 as a “good” sample for factor analysis. The calibration sample comprising 215 responses
was used to confirm the dimensions of the benefits and ensure their reliability and validity through CFA. A
sample of over 200 is considered sufficient for CFA, especially for models of moderate complexity with a rea-
sonable number of constructs (Hair et al., 2019; Kline, 2016). Therefore, both sample sizes meet established

psychometric standards for robust factor analytic procedures.

Common Method Bias

To assess the presence of common method variance in the self-reported data, Harman’s single-factor test
was conducted on the derivation sample (n = 300) prior to EFA. An unrotated principal component analysis
was conducted on all observed items. The results revealed that the first factor accounted for only 33.8% of
the total variance, which is less than the 50% threshold recommended by Podsakoff et al. (2003). This indi-

cates that common method bias is not a major concern in the present study.
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EFA

EFA was conducted using the derivation sample with 30 items. To check the feasibility of employing EFA, we
checked the results of Barlett’s test of sphericity, which were found to be significant (chi-square = 7551.105,
df = 351, p<0.01). Further, the Kaiser-Meyer-Olkin (KMO) measure was found to be 0.877 which indicated
the relevance of sample size (Hair et al., 2013). Factors were extracted using Principal Component Analysis
(PCA) with varimax rotation. PCA was chosen as a data reduction technique to identify key components that
account for the maximum variance in the observed variables without assuming any specific underlying la-
tent structure (Hair et al., 2019; Tabachnick & Fidell, 2013). Given the exploratory nature of this study and the
focus on identifying dimensions of ChatGPT’s perceived benefits, PCA served as a robust method to extract
the most interpretable factor solution. Moreover, varimax rotation, which is an orthogonal rotation method,
was applied to maximize the variance of squared loadings within each factor and enhance interpretability
by minimizing cross-loadings (Field, 2018). This is particularly useful in early-stage scale development where
the assumption is that extracted dimensions are relatively independent. Unlike other methods such as Max-
imum Likelihood (ML) estimation which are more suitable for confirmatory purposes (Fabrigar et al., 1999),
PCA is widely recommended when the objective is to summarize data and explore its underlying structure.
Hence, PCA with varimax rotation was considered appropriate and adequate for identifying preliminary fac-

tor structure prior to model confirmation through CFA.

Following the recommendations of Hair et al. (2013), we deleted 3 items (i.e., 110, 115, and 120) that had
factor loadings < 0.5. This resulted in 27 items. The eigenvalue criterion (Hair et al., 2013) was applied to
determine the number of factors to retain, with factors having eigenvalues greater than 1 being considered
for inclusion. Using this criterion, six factors were extracted, which explained 78.239% variance in the data.

Table 3 indicates the eigen values of the extracted factors.

TABLE 3. Eigen Values

Factor Eigen value % of variance Cumulative % of variance
1 9.148 33.882 33.882
2 4.019 14.886 48.768
3 2.887 10.691 59.459
4 2.509 9.292 68.752
5 1.431 5.299 74.050
6 1.131 4.188 78.239

Table 4 shows the loadings of items on the extracted factors. As can be observed from the table, the items
121,122,123, 124,129, 18 and 19 loaded together on one factor. As these items encompass the various aspects of
how ChatGPT aids in the learning process, we labelled this factor as “Learning support” (LS). The next factor
was labelled as “Content generation” (CG) as the items loaded on this factor (i.e. 111,112,113 and 114) indicate
how ChatGPT can facilitate content generation by providing writing ideas to students. The factor related to
the items 11, 12, 127, and 119 was labelled as “Knowledge acquisition” (KA), as these items involve ChatGPT’s
usage for expanding the existing knowledge and generating new insights. The next factor was named as
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“Personalized learning” (PL) as the items loaded on this factor (i.e. 13, 14, 125 and 130) are related to ChatGPT’s
ability to adapt to the unique requirements of students. The next factor was found to be related to the items
116,117,118 and 126, which indicate how ChatGPT assists students in refining and structuring their ideas, there-
by enhancing the clarity of their written work. Hence, we named this factor as “Academic writing” (AW). Finally,
the items 15, 16, I7 and 128 loaded together which indicate how ChatGPT enables students to complete their
tasks more effectively and efficiently. Hence the factor underlying these items was labelled as “Efficiency” (EF).

TABLE 4. Factor loadings

Item loadings

Item
Factor Item
e 1 2 3 4 5 6
121 ChatGPT is a helpful and effective tool for learning 0.762
122 ChatGPT is good as a complimentary learning resource 0.750
123 ChatGPT provides explanations that are effective 0.747
Learning 124  ChatGPT responses are well-structured 0.733
support (LS)
ChatGPT can assist students understand theories and
129 R 0.727
concepts more effectively
18  ChatGPT is an effective learning and educational tool 0.709
19 ChatGPT helps me in meeting my learning objectives 0.686
111 ChatGPT assists me to write articles and essays 0.924
Content 112 ChatGPT provides me with the best possible writing ideas 0.909
generation
(CG) 113 ChatGPT provides creative ideas to share with students 0.889
114 ChatGPT assists in language translation 0.838
1 ChatGPT enables me to build new knowledge basis 0.850
existing knowledge ’
ChatGPT helps me gather varied information
12 0.824
Knowledge from various resources
acquisition
(KA) 127 ChatGPT can provide information in diverse fields 0.778
ChatGPT provides particular and specific information
119 R 0.777
on the topic
ChatGPT can give me specific and tailored
13 . 0.894
answers to my questions
ChatGPT can create personalized answers
14 . 0.879
based on my input
Personalized
learning (PL) e ChatGPT can provide personalized tutoring and e
feedback according to my learning needs and progress
ChatGPT i capable of personalizing learning for
130 students by delivering adaptive and individualized 0.844
learning experiences.
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Item loadings
Factor Ic?(?; Item
1 2 3 4 5 6
116 ChatGPT enhances accuracy in sentence structure 0.849
R 117 ChatGPT provides explanations for language errors 0.817
Academic
writing (AW,
g (AW) 118  ChatGPT helps in improving accuracy of word choice 0.787
126 ChatGPT can illuminate ideas in writing 0.747
15 ChatGPT enhances productivity in task completion 0.924
16 ChatGPT simplifies task completion 0.908
Efficiency (EF)
17 ChatGPT increases my productivity 0.872
128  ChatGPT can help students save time 0.772

The internal consistencies of the 6 factors extracted through EFA, was assessed using Cronbach’s alpha

coefficients (see Table 5). All factors exhibited high internal consistency, with Cronbach’s alpha coefficients
exceeding the 0.70 threshold (Nunnally & Bernstein, 1994).

TABLE 5. Internal consistency

Factor No. of Items Cronbach’s alpha coefficient
Learning support 7 0.917
Content generation 4 0.941
Knowledge acquisition 4 0.950
Personalized learning 4 0.905
Academic writing 4 0.889
Efficiency 4 0.900
CFA

To confirm the factorial structure and validate the reliability and validity of the factors emerged from EFA,

we performed CFA using the calibration sample of 215 responses. CFA was conducted using two software

packages i.e. WarpPLS and AMOS. The dual use of these platforms was adopted to enhance the robust-

ness and credibility of the model evaluation. WarpPLS employs a Partial Least Squares Structural Equation

Modeling (PLS-SEM) approach, which is variance-based and is primarily used for prediction-oriented anal-

ysis with relatively smaller sample sizes (Hair et al., 2019; Kock, 2017). On the other hand, AMOS employs a

Covariance-Based Structural Equation Modeling (CB-SEM) approach, which is used for theory testing (Hair

et al., 2019; Kline, 2016). The use of both methods ensured a comprehensive validation of the measurement

model by addressing both predictive relevance (via PLS-SEM) and model fit adequacy (via CB-SEM).
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CFA with WarpPLS

Firstly, CFA was applied through WarpPLS software (Kock, 2017). We assessed a measurement model com-
prising 27 items related to 6 factors that were extracted through EFA. Table 6 indicates the fit indices for the

measurement model. As can be noted from table 6, the indices indicated a good fit to the data (Kock, 2015).

TABLE 6. Goodness of fit indices

Model fit index Cut off criterion Value
Average path coefficient (APC) Significant 0.203, P<0.001
Average R-squared (ARS) Significant 0.302, P<0.001
Average adjusted R-squared (AARS) Significant 0.285, P<0.001
Average block VIF (AVIF) <=3.3 1.306
Average full collinearity VIF (AFVIF) <=3.3 1.528
Tenenhaus GoF (GoF) >=0.36 0.492
Sympson’s paradox ratio (SPR) >=0.7 1
R-squared contribution ratio (RSCR) >=0.9 1
Statistical suppression ratio (SSR) >=0.7 0.800
Nonlinear bivariate causality direction ratio (NLBCDR) >=0.7 0.800

Table 7 illustrates the results of CFA. As can be observed from the table, the standardized loadings of

all items were significant (p<0.001) and greater than 0.50, thereby providing support for indicator reliability

(Hair et al., 2013). Further, the values of composite reliability (CR), as well as Cronbach’s alpha (CA) for all 6

factors were above 0.70, which indicated their reliability (Hair et al., 2013). The values of average variance

extracted (AVE) of all factors were greater than 0.50, which provided support for convergent validity (Fornell

& Larcker, 1981).

TABLE 7. Confirmatory factor analysis (reliability and convergent validity) - WarpPLS

Factor ~ tem Item ltem ' cp | ca | AvE
code loading
121 ChatGPT is a helpful and effective tool for learning 0.908
122 ChatGPT is good as a complimentary learning resource 0.891
123 ChatGPT provides explanations that are effective 0.878
Learning 124 ChatGPT responses are well-structured. 0.883 | 0.954 | 0.944 | 0.749
support (LS)
129 ChatGPT can assist students understand theories 0.514
and concepts more effectively '
I8  ChatGPT is an effective learning and educational tool 0.854
19  ChatGPT helps me in meeting my learning objectives 0.825
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Item Item

Factor Item o CR CA AVE
code loading
111 ChatGPT assists me to write articles and essays 0.907
Content 112 ChatGPT provides me with the best possible writing ideas 0.910
generation 0.963 0.948 0.866
(CG) 113 ChatGPT provides creative ideas to share with students 0.962
114 ChatGPT assists in language translation 0.942
I1  ChatGPT enables me to build new knowledge basis existing knowledge 0.957
Knowledge 12 ChatGPT helps me gather varied information from various resources 0.959
acquisition 0.971 0.960 0.893
(KA) 127 ChatGPT can provide information in diverse fields 0.937
119  ChatGPT provides particular and specific information on the topic 0.927
I3 ChatGPT can give me specific and tailored answers to my questions 0.791
14 ChatGPT can create personalized answers based on my input 0.863

Personalized
learning (PL) |55 ChatGPT can provide personalized tutoring and feedback

according to my learning needs and progress

0.899 0.850 0.691
0.830

ChatGPT is capable of personalizing learning for students
130 Lo . T . . . 0.839
by delivering adaptive and individualized learning experiences

116 ChatGPT enhances accuracy in sentence structure 0.885
. 117 ChatGPT provides explanations for language errors 0.888
Academic 0.930 0.900 0.769
writing (AW) o ) ] 8 d g
118  ChatGPT helps in improving accuracy of word choice 0.881
126 ChatGPT can illuminate ideas in writing 0.853
I5  ChatGPT enhances productivity in task completion 0.934
L. 16 ChatGPT simplifies task completion 0.956
Efficiency
(EF) 0.954 0.934 0.839
I7  ChatGPT increases my productivity 0.813
128  ChatGPT can help students save time 0.952

To establish discriminant validity, the correlation coefficients between constructs were compared with
the square roots of the Average Variance Extracted (AVE) (see Table 8 in next page). Since all inter-construct
correlations (off-diagonal) were lower than the corresponding square roots of AVE (reported on diagonal),
discriminant validity was supported in accordance with Fornell and Larcker (1981). Additionally, the heter-
otrait-monotrait (HTMT) ratio was employed as a complementary method. As shown in Table 9, all HTMT
values were below the recommended threshold of 0.85 (Henseler et al., 2015), further confirming discrimi-
nant validity.

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Davinder Kaur & Vartika Kapoor

TABLE 8. Discriminant validity - WarpPLS

LS CG KA PL AW EF
Ls 0.865
CG 0.207 0.93
KA 0.631 0.128 0.945
PL -0.034 0.137 0.114 0.831
AW 0.515 0.033 0.582 0.132 0.877
EF 0.346 -0.045 0.177 0.034 0.319 0.916

TABLE 9. Discriminant validity - WarpPLS (HTMT Ratios)

Ls G KA PL AW EF
LS
G 0.219
KA 0.664 0.134
PL 0.071 0.152 0.125
AW 0.559 0.047 0.625 0.152
EF 0.370 0.050 0.189 0.075 0.349
CFA with AMOS

To further validate the measurement model, CFA was performed with AMOS. During the model estima-
tion, three items i.e. LS2, EF4, and PL4 were removed due to low standardized factor loadings (< 0.70). This
threshold is commonly used to ensure adequate indicator reliability and convergent validity (Byrne, 2016;
Hair et al., 2019). Moreover, based on the modification indices, the error terms of items KA2 and KA4 were
allowed to covary. This adjustment was theoretically justified as both items shared conceptual similarity
(Byrne, 2016). Allowing their errors to covary led to a better-fitting model without undermining construct
validity. The final model was assessed using well-established fit indices, including the x*/df, Comparative
Fit Index (CFI1), Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation (RMSEA) and Standard-
ized Root Mean Square Residual (SRMR). The model demonstrated acceptable fit with the following results:
x2/df=2.27, CF1=0.944, TLI = 0.935, RMSEA =0.077, and SRMR = 0.053. These values fall within the common-
ly recommended thresholds (CFI, TLI > 0.90; RMSEA, SRMR < 0.08), indicating an adequate fit between the
data and the hypothesized model (Byrne, 2016; Hu & Bentler, 1999).

To assess the reliability and validity of the model constructs, we examined the standardized item load-
ings, omega reliability coefficients, and AVE values (see Table 10 in next page). All standardized loadings ex-
ceeded the recommended threshold of 0.70 (Hair et al., 2019), thereby indicating strong indicator reliability.
The omega coefficients for all constructs were above 0.80, suggesting high internal consistency (McNeish,
2018). Moreover, AVE values for all constructs exceeded the recommended threshold of 0.50, thereby sup-

porting convergent validity (Fornell & Larcker, 1981).

Discriminant validity was evaluated using the Fornell-Larcker (1981) criterion (see Table 11 in next
page). For all the constructs, the square roots of the AVEs were greater than the inter-construct correlations.

Hence, discriminant validity was ensured for the model constructs (Fornell & Larcker, 1981; Hair et al., 2019).
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TABLE 10. Confirmatory factor analysis (reliability and convergent validity) - AMOS

ITEM STANDARDIZED LOADING OMEGA INDEX AVE
AW1 .835
AW2 .863
AW 0.900 0.692
AW3 .838
AW4 .790
PL1 .806
PL2 .781 0.833 0.623
PL
PL3 .781
PL4 .699 —dropped—
CG1 .990
CG2 .958
CG 0.945 0.813
CG3 .825
CG4 .820
EF1 .989
EF2 974 0.961 0.893
EF
EF3 .867
EF4 .676 —dropped—
KA1 .984
KA2 .884
KA 0.952 0.833
KA3 .952
KA4 .822
LS1 976
LS3 .960
LS4 .818
0.932 0.699
LS LS5 719
LS6 .796
LS7 .706
LS2 .669 —dropped—
TABLE 11. Discriminant validity - AMOS
Construct AW PL CG EF KA LS
AW 0.832
PL 0.141 0.789
CG 0.044 0.173 0.902
EF 0.313 0.006 -0.042 0.945
KA 0.594 0.136 0.169 0.161 0.913
LS 0.551 -0.043 0.184 0.336 0.601 0.836
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4. DISCUSSION

The study quantitatively analyzed the benefits of using ChatGPT from students’ perspectives. The results
indicate six key categories, namely Learning Support, Content Generation, Knowledge Acquisition, Person-
alized Learning, Academic Writing, and Efficiency. Each category reflects different aspects of how ChatGPT

enhances the educational experience for students.

Learning Support

Learning support encompasses the various aspects of how ChatGPT aids in the learning process of students.
As per the above findings, it can be observed that students consider ChatGPT to be a highly beneficial tool for
their learning process. ChatGPT supports learning by providing clear and well-structured explanations, and
making complex concepts more understandable. ChatGPT can break down complex topics into more under-
standable segments, thereby reducing cognitive load and enhancing comprehension. The ability of ChatGPT
to simplify complex theories and concepts is particularly valuable in fields that require deep analytical think-
ing, such as science, technology, engineering, and mathematics (STEM). This finding aligns with those of
Shoufan (2023) and Ngo (2023), who noted that ChatGPT makes challenging topics more understandable
to students by using simpler language and providing relatable examples. This simplification not only aids in
understanding but also boosts students’ confidence in tackling difficult subjects, which can lead to increased
engagement and improved academic performance. Moreover, ChatGPT can also serve as an excellent com-
plementary learning resource, filling in gaps that may exist in students’ understanding after traditional in-
struction. By offering diverse resources and supplementary information, ChatGPT enhances students’ overall

learning experience, ensuring they have access to a wide array of knowledge (Javaid et al., 2023).

Content Generation

The study also highlighted content generation as one of the key benefits of using ChatGPT. Content genera-
tion encompasses the ways in which ChatGPT assists students in creating written content. Our findings indi-
cate that ChatGPT helps students in writing reports, essays and articles, which is a fundamental part of their
academic work. Such support is particularly valuable in the early stages of content creation, where gener-
ating ideas and organizing thoughts can be challenging for students. ChatGPT can streamline this process
by offering structured outlines and guiding students through the development of their arguments (Haleem
et al., 2022; Vazquez-Cano et al., 2023). Moreover, ChatGPT’s ability to provide a wide range of ideas, based
on specific queries can help students explore different perspectives for their assignments and projects. Our
finding is in line with that of Vazquez-Cano et al. (2023) who demonstrated that the summaries obtained

through ChatGPT are outstanding in terms of content and style.

Knowledge Acquisition

Knowledge acquisition emerged as another benefit of using ChatGPT. The findings reveal that students per-
ceive ChatGPT as a valuable tool for expanding their knowledge base. ChatGPT not only enables them to
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build on their existing knowledge, but also help them acquire new information across various subjects.
This benefit is crucial in today’s educational environment, where the ability to rapidly acquire and integrate
new knowledge across various disciplines is highly valued. Such cross-disciplinary knowledge not only
gives an impetus to the learning process of students but also enables them to deal with the complexities
of real-world problem-solving. ChatGPT’s access to various learning resources allows students to explore
topics in depth and from multiple perspectives, thus enriching their overall educational experience. This
aligns with research by Jo (2024), who opine that ChatGPT contributes to knowledge acquisition by provid-
ing information that is immediate, accurate and personalized. By expanding students’ knowledge base and
providing them access to diverse information, ChatGPT serves as an invaluable tool in modern education,

where knowledge acquisition and application are key to academic success.

Personalized Learning

The findings of our study suggest personalized learning as another impactful benefit of using ChatGPT. This
benefit is characterized by ChatGPT’s ability to customize its responses according to the personalized needs
of individual students. Such customization allows students to receive relevant information that is tailored
according to their current understanding and learning goals. Prior studies (e.g. Firat, 2023) indicate that per-
sonalized responses from ChatGPT can lead to more effective learning outcomes, by removing barriers such
as shyness and hesitation in asking questions. ChatGPT also enhances personalized learning by offering
adaptive learning experiences. It can adjust its level of complexity and the nature of its responses according
to the student’s progress, thereby providing a learning experience that evolves with the student. This adapt-
ability is crucial for keeping students engaged and motivated (Rasul et al., 2023).

Academic Writing

The study identified academic writing as another benefit of ChatGPT. Our findings indicate that students
perceive that ChatGPT can help improve sentence structure, vocabulary accuracy, and overall writing qual-
ity. ChatGPT plays a crucial role in refining and editing text. After drafting their content, students can use
ChatGPT to refine their work by improving grammar, sentence structure, and overall clarity. ChatGPT’s
abilities to suggest grammatical corrections and alternative phrasing of the text, help students enhance
their writing proficiency and produce more professional reports (Vazquez-Cano et al., 2023). Our finding
resonates with those of Mahapatra (2024) who observed that ChatGPT has a positive impact on academic
writing skills. ChatGPT provides real-time feedback on grammatical errors, which is particularly beneficial
for students who may struggle with nuances of academic writing in English language (Mahapatra, 2024).

Efficiency

Finally, the study that ChatGPT is considered as a valuable aid for increasing efficiency and productivity by
enabling faster task completion. In today’s dynamic educational environment, time management and pro-
ductivity are key to academic success. ChatGPT serves as a very useful tool for students by reducing the time

spent on information retrieval. Instead of spending hours searching for reliable information from various
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sources, students can use ChatGPT to quickly gather and organize the information they need (Jo, 2024; Ngo,
2023). This efficiency in accessing and utilizing information not only saves students’ time but also enhances
the depth and quality of their academic work. ChatGPT also boosts students’ productivity by helping them
manage their workload more effectively. By offering tools for idea generation, content organization and
content refinement, ChatGPT enables students to work more efficiently and produce higher-quality work in
less time (Albadarinet al., 2024).

5. CONCLUSIONS

On the basis of our findings, it can be concluded that ChatGPT can serve as an important tool in modern
learning ecosystem. By providing learning support to students, and enabling them to acquire knowledge,
generate content, improve academic writing, and efficiency, ChatGPT can significantly contribute to their
academic success. By presenting empirical evidence of ChatGPT’s benefits, this study contributes to the
growing research on Al in education. It extends existing research by categorizing these benefits into distinct
dimensions based on empirical evidence. Practically, the study provides valuable insights for educators,
academic institutions, and policymakers on how to effectively integrate ChatGPT and similar Al tools into
the curriculum. Educators can leverage the identified benefits of using ChatGPT, to improve student engage-
ment and performance. They should explore ways how to integrate ChatGPT and other Al tools with their
teaching pedagogies and also teach students to use it ethically and beneficially. Considering the interest
and inclination of students towards using ChatGPT, academic institutions should consider investing in Al
tools such as ChatGPT. Al tools can be integrated into teaching and learning processes to enrich students’
academic experiences. Further, the policymakers should support the adoption of Al tools in education
through funding, training, and development of guidelines/policies that ensure the ethical use of such tools.
As the educational landscape continues to evolve with rapid technological advancements, understanding

the practical benefits of Al tools such as ChatGPT becomes essential for shaping the future of learning.

5.1. Limitations and future lines of research

Although the study highlights several key benefits associated with ChatGPT, it has a few limitations that
should be addressed in future studies. Firstly, the study relies on a convenience sample drawn from a single
region in India, which may restrict the broader applicability of its findings. Future research could enhance
the validity of the proposed framework on ChatGPT’s benefits by employing more diverse and representa-
tive samples. Secondly, the findings of the study are based on students’ perspectives only. Future studies
could explore the perspectives of teachers to have a more holistic idea of the benefits of ChatGPT. Thirdly,
the study hasn’t explored the interrelationships of the identified categories of benefits. Future studies could
explore those relationships and can also examine the impact of these benefits on educational outcomes
such as student engagement and motivation. Fourth, the study did not consider potential cultural or nation-
al differences in how students perceive and use ChatGPT. Future research could investigate cross-cultural
perspectives to deepen the relevance and generalizability of the findings. Finally, the study did not perform

comparative analyses between the eliminated and retained questionnaires. While responses were excluded

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Davinder Kaur & Vartika Kapoor

based on criteria such as incompleteness or vague answering patterns, the study didn’t explore whether

these excluded participants differed systematically from the retained ones. Future studies are encouraged

to test for such differences.
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ABSTRACT

Although artificial intelligence (Al) has become a potential driver in the field of education, little is known about stakehol-
ders’ perspectives. To address this issue, this qualitative inquiry paper attempted to determine the views of pre-service
teachers regarding the role of Al in mathematics instruction. A total of 72 pre-service mathematics teachers participated in
the survey, which consisted of open-ended questions. The gathered data was analyzed by seven-phase method. Although
pre-service teachers believe ChatGPT can support students in terms of cognitive and affective factors, it has some disad-
vantages including preventing thinking and ethical concerns. In addition, the study reports the areas in which the partici-
pants thought of using ChatGPT in mathematics education. Finally, the paper discusses the use of ChatGPT in educational
settings and applications of Al in teacher education.

KEYWORDS Artificial Intelligence, ChatGPT, Mathematics education, Future Teachers, Perspectives

RESUMEN

Aunque la inteligencia artificial (IA) se ha convertido en un motor potencial en el ambito de la educacidn, se sabe poco
sobre las perspectivas de las partes interesadas. Para abordar esta cuestidn, este trabajo de investigacion cualitativa tratd
de determinar las opiniones de los profesores en formacion sobre el papel de la IA en la ensefianza de las matematicas. Un
total de 72 profesores de matematicas en formacidn participaron en la encuesta, que consistié en preguntas abiertas. Los
datos recogidos se analizaron mediante el método de siete fases de Lester et al. (2020). Aunque los PT creen que ChatGPT
puede apoyar a los estudiantes en términos de factores cognitivos y afectivos, tiene algunas desventajas, incluyendo la
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prevencion del pensamiento y las preocupaciones éticas. Ademas, el estudio informa de las areas en las que los partici-
pantes pensaban utilizar ChatGPT en la ensefianza de las matematicas. Por ultimo, el articulo analiza el uso de ChatGPT
en entornos educativos y las aplicaciones de la IA en la formacion de profesores.

PALABRAS CLAVE inteligencia artificial, ChatGPT, educacién matematica, futuros profesores, perspectivas

1. INTRODUCTION

Artificial intelligence (Al) is a common product of advances in computer, machine and information commu-
nication technologies and is a technology that allows technological tools to perform human-like actions
(Chen et al., 2020). These platforms have the potential to present information in various formats to users by
using a data repository. These technologies are believed to have the potential to change approaches and
common practices in education (Mhlanga, 2023). With the growing popularity of Al systems, researchers are
increasingly focusing on how these technologies can be used in education. This popularity is partly driven
by factors such as more students achieving targeted learning outcomes and improved access to supportive
teaching resources when needed (Ahmad et al., 2021; Wang-Kin, 2021; Zhang & Aslan; 2021). In this respect,
Mohamed et al. (2022) stated that the use of Al in teaching can turn the learning process more interactive

for students.

ChatGPT (OpenAl, n.d.) is one of the promising Al technologies that can perform human-like dialogs
due to its natural language processing capability (Lim et al., 2023). It operates on a huge quantity of data,
therefore can compose appropriate feedback based on the user input. The platform operates on the basis of
complex algorithms to compose accordant output for users’ demand, and it is constantly evolving based on
its interaction with users, which causes it to turn into a more capable form (Mhlanga, 2023).

By using a documentary analysis approach, Mhlanga (2023) addressed the question of what future and
current effects that ChatGPT offer in the field of education. One of the effects reported was that ChatGPT
offers the opportunity to create intelligent tutoring systems where students can experience individualized
learning. In this respect, the software can increase the participation of students by determining their knowl-
edge deficiencies from the inputs provided by them, and then shaping the teaching process as necessary.
In addition, he emphasized that the software has the function of suggesting learning materials to students,
taking into account their learning priorities and interests. In this respect, he stated that ChatGPT can opti-
mally adjust the limits of the content and the speed of presentation of information, without causing mental
burnout, by monitoring the development of students throughout learning process. Chung (2023) summa-
rized the possible contributions of ChatGPT, mentioned by educators in the literature, to students as finding
answers to problems, summarizing information, facilitating collaboration, an auxiliary tool in preparation
for exams, drafting assistance and providing feedback. In another study, Castillo et al. (2023) investigated
the experiences of Peruvian university students about ChatGPT. The findings of the study showed that stu-
dents thought that the responses provided by ChatGPT are accurate and it has a user friendly interface. As
a result of this positive attitude, it has been determined that the software is widely used among students
as an auxiliary tool in completing their homework and comprehending difficult-to-understand content. Be-

sides students, ChatGPT also has the potential to support educators. As a result of his literature review,
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Chung (2023) reported that educators utilized ChatGPT to develop course materials, decide how to ap-
proach students with special needs, perform language translation, prepare assessment tasks and evaluate

student performance.

In addition to the potential benefits, the emergence of the software has also raised some doubts and
concerns among educators. One of the main concerns is that students use ChatGPT entirely for answering
exam questions —referred to as Al-assisted cheating— so that teachers do not get a sense of what students
are learning (Chung, 2023; Guo & Wang, 2025). In order to avoid this undesirable situation some researchers
have suggested differentiating the structure of the exams. In this regard, Zhai (2022) proposes the crea-
tion of new assessment formats that include questions that emphasize creativity and critical thinking that
ChatGPT cannot handle. Choi et al. (2023) recommend instructors restricting students’ access to ChatGPT in
the examinations, and also asking questions that require not only recalling but also analyzing factual knowl-
edge. Similarly, Stutz et al. (2023) state that the exams consisting of questions belonging to the higher levels
of Bloom’s taxonomy, such as analysis, may be a precaution against this issue. Another reported drawback
of the software is that students can have their homework solved directly by ChatGPT without having to think
about it, and this, in turn, may prevent them from acquiring the targeted competencies (Sanchez-Ruiz, et al.,
2023). In addition, the fact that students use ChatGPT too often may cause them to become too dependent
on ChatGPT in the problem-solving process and in accessing information, thus not developing critical think-
ing skills and not building self-confidence (Sdnchez-Ruiz, et al., 2023). Considering all that has been said, it
is seems reasonable to expect that if students constantly resort to ChatGPT to overcome the difficulties they
face in the learning process, this will weaken the interaction between teachers and students and teachers

will not be able to monitor students’ progress.

1.1. ChatGPT in the context of mathematics education

Published research on the use of ChatGPT in mathematics education state that the inclusion of ChatGPT
in the teaching process will provide many advantages. The software is claimed to have great potential in
solving mathematical problems and learning mathematical knowledge, besides, it can be used as a tool by
teachers to give feedback to students and evaluate student achievement (Wardat et al., 2023). Wu (2021)
argued that the introduction of Al-assisted teaching has an extremely effective on basic mathematics ed-
ucation and teaching. As a result of their literature review Mohamed et al. (2022) concluded that ChatGPT
will make students more critical and responsible for solving everyday problems, and will allow them to
better understand algebra, geometry, statistics, and helps students gain mathematical and cognitive skills.
In support of these results, Sanchez-Ruiz, et al. (2023) state that ChatGPT is a tool that can help in learning
mathematics, as it provides opportunities for easy access to large sets of information and extensive support
in doing homework. Apart from providing answers to mathematical problems, the authors assert that the
software allows students to better understand the problem-solving process as it explains step by step how
to solve them as well.

To determine how ChatGPT performs on mathematical problems that differ in difficulty and content,
Dao and Le (2023) examined ChatGPT’s ability on the questions that appeared in the Viethnamese national
high school graduation examination. For this purpose, drawing on the Bloom taxonomy the authors divided
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the questions that appeared in the relevant exam into four sets: knowledge, comprehension, application
and high application. A second classification was carried out for the subject area to which the questions
belonged. The findings of the study showed that the success rate of the software dramatically changed with
respect to both difficulty and subject area. While the success rate of the software is between 75% and 90%
in the questions classified as knowledge level in the exams held between 2019-2023, it was between 0% and
22% in the questions classified as high application. In particular, the inability of the software to interpret
and make sense of graphics in questions containing graphical information has caused it to not be successful

in problem solving processes that require visual reasoning.

In another study Wardat et al. (2023) aimed to investigate the views of math educators based on their
experience of the use of ChatGPT. Because the software can take on the role of a personal assistant, keep up
with a student’s learning pace, and support the understanding of mathematical concepts, the participants of
the study generally agreed that ChatGPT was very useful for students who needed help in the problem-solv-
ing process. Especially in the field of Euclidean geometry, the participants believed that the software is very
competent to provide instructional guidance to students. Another shared belief among the participants was
that the software is very successful in having students comprehend difficult mathematics topics in a clear
way. Aside from positive features, the authors made a few caveats regarding the use of the software. They re-
vealed that the software did not demonstrate a deep understanding regarding geometry, hence was not able
to properly correct misconceptions. In addition to this, the validity of the solutions provided by ChatGPT to
mathematical problems depended on a number of factors such as the quality of the input data, complexity
of the equation, and the clarity of the written instructions to the system. The authors conclude that ChatGPT

can be a useful instructional tool on condition that guidelines for fair usage are developed.

As it is understood from the opinions and views of the educators about ChatGPT, the software has pos-
sible positive and negative effects on the learning process and it is necessary to think about what kind of
arrangements should be made on how to use the software in order to benefit from it. It seems important
and an open issue to establish the necessary principles for its fair and responsible use and maximum ben-
efit. The existing body of literature predominantly examines the advantages and drawbacks of ChatGPT
in the realm of mathematics education through the lens of researchers or educators. Yet, the viewpoints
of prospective teachers, who possess a degree of proficiency with such software, regarding the potential
merits and drawbacks of these tools, have not been extensively explored. Consequently, there exists an
unanswered query regarding the perceptions of these individuals. This study seeks to address this gap in
the current literature. With this in mind, this paper examines the perspectives of pre-service mathematics

teachers regarding the use of ChatGPT in mathematics classrooms.

2. MATERIAL AND METHOD

2.1. Research Design

The present study employs a qualitative descriptive methodology, as advocated by Yin (2002), to investigate
the perceptions of prospective educators regarding the integration of ChatGPT in mathematics education.

A structured questionnaire was administered through Google Forms to pre-service mathematics teachers
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in their final semester. Qualitative research methodologies are commonly utilized to gain a comprehensive
insight into a specific phenomenon. Such studies have the potential to provide valuable insights that can
inform educational practices, as demonstrated by Lochmiller (2016), and to elucidate the intricacies of in-

dividuals’ experiences and the underlying meanings of their actions, as highlighted by Ravindran (2019).

2.2. Participants

The participants of this study consisted of 72 pre-service mathematics teachers enrolled in the mathe-
matical modelling course. Therefore, it can be stated that a purposive sampling method (Kanaki & Kalo-
giannakis, 2023) was employed. The researcher conducting the study, who is also the instructor for the
course, implemented diverse instructional strategies to enhance the learning experience. As part of this,
the first three weeks of the course were dedicated to the use of Al tools in education. In the first week, a
software engineer affiliated with Amazon UK was brought in to deliver a comprehensive presentation on
ChatGPT to the pre-service teachers (PTs). Subsequently, the participants were tasked with engaging in
a series of activities during the subsequent two weeks. Students were asked to perform tasks, including
but not limited to those in Fig. 1. The reason for giving tasks was to enable PTs to interact with ChatGPT
and compare the answers they received with their existing knowledge and to develop a critical perspec-
tive towards this tool. To conclude the study, the participants were requested to complete a survey com-
prising open-ended inquiries aimed at eliciting their perspectives on the integration of ChatGPT within

mathematics education settings.

FIGURE 1. Examples of tasks given to students

1. What are the types of proofs in mathematics? What are the stages of these types of proofs? (Test the theorems
whose proofs you know here)

2. What 1s a lesson plan? Which components does it consist of?

3. Pose a word problem about linear equations. Then solve this problem.

4. What are effective teaching strategies for the concept of variable in algebra?

5. What are the common misconceptions students have about probability?

2.3. Instrument

Questionnaires are frequently employed as a method to investigate the beliefs and attitudes held by a spe-
cific subset of the population (Marshall & Rossman, 2014). The present research endeavor was undertaken
to delve into the perspectives of prospective mathematics teachers regarding the integration of ChatGPT
within mathematics instructional settings. To achieve this aim, a questionnaire devised by the researchers
was administered to elicit and evaluate the viewpoints of these individuals. The questionnaire was dissem-
inated using Google Forms to individuals enrolled in their final semester of pre-service mathematics teach-
er education. The questionnaire comprised open-ended inquiries designed to uncover various insights,
including the likelihood of candidates incorporating ChatGPT into their teaching practices, their reflections
on its potential benefits and drawbacks, as well as the anticipated impact on the traditional role of the

teacher. For a selection and the purpose of each questions, please refer to Appendix 1.
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2.4. Data Collection and Analysis

The process of qualitative data analysis is characterized by its non-linear and iterative nature, leading
researchers to refrain from adhering to a strictly sequential analytic procedure (Lester et al., 2020). In re-
sponse to the inherent complexity that can ensue from this approach, Lester et al. (2020) have proposed
a structured methodology comprising seven distinct phases. These phases encompass initial tasks such
as data preparation and organization, transcription of data, gaining familiarity with the data corpus, mak-
ing memos, coding the data, deriving categories and themes from the coded content, and ensuring trans-
parency throughout the analysis process (see Fig. 2). In the present research, the methodology employed
by the researchers for data management involved aforementioned approach. Initially, the data collected
through Google Forms was structured and transcribed into Microsoft Word. Subsequently, the researchers
engaged in multiple independent readings of the compiled data to gain a comprehensive understanding. To
facilitate a preliminary comprehension of the dataset, an initial analysis was conducted by the researchers
prior to embarking on an in-depth examination. During this phase, provisional codes were formulated to
categorize the data. Subsequently, with the aid of memos, the process of coding the data commenced. This
phase entailed linking statements within the dataset to specific codes, thereby enabling the derivation of
overarching themes from the textual passages. At the conclusion of this phase, data coding commenced
with the aid of memos. During this process, textual statements were systematically linked to specific codes,
and overarching themes were derived from these coded segments. The analysis of the gathered data was
conducted through the application of constant comparative analysis, as outlined by Merriam (1998). Initial-
ly, each researcher independently scrutinized the data to pinpoint recurring patterns and themes. Subse-
quently, a collaborative session was held where the two researchers deliberated on their individual analy-
ses, compared their findings, and collectively honed in on the principal areas of growth that surfaced from

the identified common themes.

FIGURE 2. The seven steps in the Analysis of the Data

Preparing and organizing R— Gaining familiarity with
the data for analysis Transemptonalthedata > | the data

Deriving categories and ‘ i € Making memos
themes from the codes Coding the data

l

Ensuring transparency throughout the analysis process
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3. RESULTS

PTs’ responses were grouped under three headings: advantages, disadvantages, and possible classroom

applications of ChatGPT.

3.1. Advantages of the Use of ChatGPT

The statements of pre-service mathematics teachers regarding the advantages of using ChatGPT emerged

under five themes: enhancing the learning experience, facilitating the teacher’s responsibilities, increasing

student motivation, providing access to information, and improving student performance and skills. Codes

related to the themes are summarized in Table 1.

TABLE 1. PTs’ views on the advantages of the use of ChatGPT

MAJOR THEMES

MINOR THEMES

CODES

Enhancing the
Learning Experience

Content diversity and richness

Access to different resources
Presentation of different learning materials

Personalized learning

Providing a special working environment for the student
Providing a learning experience according to the students’ needs

Facilitating
the teacher’s
responsibilities

Providing materials and
resources

Increasing the variety of activities and materials
Providing access to ready-to-use resources

Time saving

Helping to use time effectively
Saving time and effort

Increasing Student
Motivation

Making lessons interesting

Lecturing based on new technologies
Providing learning opportunities for students’ interests

Opportunity for interaction and
feedback

Providing immediate feedback to students
Providing interactive learning experiences that increase motivation

Providing Access to
Information

Fast and easy access to
information

Providing quick access to accurate and up-to-date information
Enhancing the efficiency of students’ research endeavors

Improving Student
Performance and
Skills

Presenting different
perspectives

Show students new and different solutions
Developing students’ problem solving skills

Deepening students’ thinking
skills

Enriching students’ learning styles
Enhancing students’ capacity for independent and innovative thinking

As can be seen in Table 1, PTs who refer to enhancing the learning experience emphasize the enrich-

ment of content and personalized learning. For example, the statement of PT60 coded PT in the context of

advantages is as follows:

I think ChatGPT can be used to prepare an effective learning environment because it can offer students the oppor-

tunity to progress according to their own learning pace, regardless of time, and guide them accordingly. Thus, the

learning process can become more effective and efficient.
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Another advantage that PTs point out is that ChatGPT will facilitate the teacher’s work in the classroom.
In this context, some of the responses mentioned the contribution in terms of time, while others emphasized
the support in terms of materials and resources. In this sense, PT11 asserted that:

ChatGPT provides teachers with access to different activities, instructional games, assessment, and evaluation tools.
Through ChatGPT, teachers can access information quickly instead of scanning various articles or theses. ChatGPT
helps teachers in designing activities, using materials, the lesson planning process and learning about students’ pos-

sible misconceptions during the teaching process.

According to some PTs, another benefit of ChatGPT is that it increases students’ motivation. Accord-
ingly, while ChatGPT has the potential to increase student motivation with its innovative approach, the
reasons for the increase in motivation were attributed to making the lesson interesting. In addition, some
of the participants stated that ChatGPT provides easy access to information, which they perceived as an

advantage.

3.2. Disadvantages of the Use of ChatGPT

Six themes emerged from the statements of pre-service mathematics teachers regarding the disadvantages
of using ChatGPT: prevention of thinking, ethical issues, social isolation and communication impediments,
lack of reliability and data accuracy, social and psychological harm, and workforce implications. Table 2 (in
next page) summarizes the codes related to the themes.

The responses from the PTs showed that they thought that one of the biggest disadvantages of ChatGPT
isits potential to hinder thinking. In this context, some responses point out that ChatGPT may make learning
more challenging by providing students with pre-packed knowledge, while other responses suggest that it

may encourage student laziness. For example, teacher PT24 stated that:

I think that such applications in mathematics education can cause laziness, especially because they accustom the stu-
dent to ease. After using such applications, the student may move away from learning by doing and experiencing, which

is the most effective learning method.

Some PTs believe that ChatGPT will have a negative impact on students’ homework. The biggest reserva-
tion of the participants who think so is that the purpose of the assignments will not be fulfilled. For instance,
PT31 highlighted that:

By using this application in the assignments given by the teacher, they can do their homework without making any
effort and potentially distracting themselves from the purpose of the assignment. In this case, students may have diffi-

culty reinforcing what they have learned.

In the realm of mathematics education, participants expressed concerns regarding the potential nega-

tive impact of Al on students’ mathematical thinking. For instance, PT15 articulated the following viewpoint:

If students see ChatGPT as a helper to hold their hands every time they are in trouble, it may even be harmful, let alone
beneficial. This is because students’ mathematical thinking could be hindered, and their intellectual development

could be compromised as a result.
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TABLE 2. PTs’ views on the disadvantages of the use of ChatGPT

MAJOR THEMES MINOR THEMES CODES

- Provoking free-riding.

Free-riding
- The effect of ready knowledge causes learning difficulties.

- Suspension from research.

Encouraging laziness . .
ging - Decreased desire for learning.

Prevention of Thinking Negative effects - Student homework assignments are done by the software.
on student homework - Assignments not reaching their goal.

- Reducing the opportunity to practice and encouraging rote thinking.
- Blunting creativity and originality.

- Preventing meaningful and permanent learning.

- Reducing interpretation skills.

- Worsening computational and reasoning skills.

Negative effects on
mathematical thinking

Assessment - The use of ChatGPT in exams.

Ethical Issues L L .
and evaluation issues - Negative impact on evaluation processes.

- Negative impact on students’ communication skills.
Communication - Decline of social interaction through the use of artificial intelligence.
and social interaction - Decreased communication.

- Weakening of the teacher-student bond.

Social Isolation and
Communication
Impediment

Lack of Reliability and . . s - The risk of obtaining misinformation.
Misinformation and credibility . . . -
Data Accuracy - Potential for inaccurate information.

Social and Cultural and social impacts - Cause of cultural and social problems.
Psychological Damage P - Potential for addiction.

- Increasing unemployment among teachers.
- Leading economic problems.
- Reducing the need for teachers.

Unemployment and

Workf
orwlorce economic hardship

PTs’ perspectives on the adverse implications of utilizing ChatGPT predominantly revolve around ethi-
cal considerations. A subset of the participants highlighted concerns regarding potential ethical dilemmas
associated with the technology. Specifically, some individuals expressed apprehensions that the deploy-
ment of ChatGPT could potentially foster academic dishonesty, thereby exacerbating cheating behaviors
among students. Conversely, others underscored the challenges in rendering impartial judgments, citing
complexities in their assessment and evaluation methodologies. For instance, participant PT48 articulated
that “ChatGPT can be misused. For example, it can have harmful uses such as cheating. | think this behavior

is one of the harmful aspects of such tools.”

Moreover, the discourse surrounding the drawbacks of ChatGPT extended to considerations of its re-
liability and the risk of disseminating inaccurate information to learners. Additionally, participants raised
concerns about the potential for students to develop a reliance on ChatGPT, which could potentially give
rise to cultural and social issues within educational settings. Notably, a subset of PTs expressed apprehen-
sions that the widespread adoption of ChatGPT could encroach upon their professional domain, poten-

tially diminishing the demand for traditional educators and precipitating economic challenges within the
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educational landscape. These multifaceted concerns underscore the nuanced ethical and pedagogical con-

siderations that underpin PTs’ apprehensions regarding the integration of ChatGPT in educational contexts.

3.3. Potential Area of Use of ChatGPT in Mathematics Instruction

Finally, future teachers’ views on how to use ChatGPT in mathematics teaching revealed five themes: lesson
preparation, alternative teaching methods and material design, problem-solving, assessment and evalua-
tion, and increasing engagement and motivation. The minor themes and codes associated with these major

themes are summarized in Table 3.

TABLE 3. PTs’ views on the potential area of use of ChatGPT in mathematics instruction

MAJOR THEMES MINOR THEMES CODES

- Finding warm-up questions.
- Asking for examples related to the objectives.
- Seeking high-stake tests questions.

Question and activity
preparation
Lesson preparation

- Preparing a lesson plan.

Lesson plannin
P & - Subject research.

- Investigating misconceptions.
- Learning how to eliminate misconceptions.
- Ways to identify misconceptions.

Misconceptions and
alternative teaching

methods L - - . .
- Designing different activities and instructional games.
Alternative teaching methods - Graph drawing.
and material design Graphs and visuals - 3-Dimensional display.

- Meeting visual needs.

- Preparing concept maps.
- Finding pictures related to the topic.
- Asking for and creating material ideas.

Finding materials
and resources

Reviewing students’ - Determining mistakes and misconceptions.

solved problems - Understanding source of errors.
Problem-solving

Supportin problem

solving - Getting help in solving complicated questions.

- Developing alternative measurement tools.
. Measurement tool L . . .
Assessment and evaluation reparation - Designing appropriate assessment and evaluation tools for the subject.
prep - Assessing student achievements.

- Finding interesting math related videos, stories or pictures.
- Educational games .
- Attracting activities for active participation.

Increasing engagement Engaging and
and motivation motivating content

The responses of the PTs provided important results on how they would use ChatGPT in mathematics
education. In relation to instructional preparation, the participants articulated their intentions to leverage
ChatGPT for formulating questions, designing activities, structuring lesson plans, and elucidating the un-
derlying concepts within the instructional framework. Notably, the PTs highlighted the utility of ChatGPT in
sourcing questions from past high-stakes examinations, devising warm-up exercises, and crafting practice
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problems. For instance, PT51 stated that “For example, mathematical inequality expressions can be writ-
ten to ChatGPT and asked to prepare word problems representing these expressions”. Furthermore, some
participants expressed their inclination towards seeking assistance from ChatGPT for exploring alternative
pedagogical approaches and enhancing their instructional materials. Specifically, the discussions around
alternative methods predominantly revolved around strategies for identifying and rectifying misconcep-
tions among students. The responses underscored the potential of ChatGPT in facilitating a more nuanced
and comprehensive approach to instructional design and pedagogical strategies within the domain of

mathematics education. For example, PT71 stated that:

Al applications such as ChatGPT can inform teachers about what kind of teaching techniques can be used to over-
come students’ misconceptions. For this, instead of the teacher having to scan articles and theses one by one, Al

can do it for him/her.

In addition, some participants stated that the visualization feature of ChatGPT holds potential as an
alternative instructional tool in educational settings. This observation underscores the prominence of
graphics, visual aids, and three-dimensional structures in leveraging the educational utility of ChatGPT. For
instance, PT40 highlighted that:

I think that such technologies can be used to associate the solution of equations in mathematics with graphs because
these subjects are quite abstract concepts for students. Ensuring their concretization through visual representations

can be an important area of use.

In the study, responses pertaining to misconceptions were identified within the overarching theme of
problem-solving. A subset of participants highlighted the potential of leveraging artificial intelligence to
pinpoint and comprehend misconceptions by analyzing incorrectly solved student problems. This appli-
cation was perceived as valuable for educational purposes. Additionally, PTs expressed the view that such
technological tools could enhance measurement and evaluation processes within the educational context.
Specifically, they suggested employing alternative assessment methods and developing measurement in-
struments to gauge student performance. Furthermore, the prospective teachers indicated that ChatGPT

could play a role in fostering student engagement and motivation. In this sense, PT58 stated that:

Students may experience motivation problems in math class. Applications such as ChatGPT can increase student cu-
riosity and be effective in increasing their motivation towards mathematics. Consequently, students’ mathematical

thinking is also enhanced, leading to more profound and lasting learning outcomes.

4. DISCUSSION

This paper attempted to examine the views of future mathematics teachers regarding the use of ChatGPT,
one of the promising Al technologies, in mathematics education. The findings revealed the perspectives
of PTs regarding the anticipated advantages, drawbacks, apprehensions, and plausible applications of
ChatGPT within the mathematics education. Al software such as ChatGPT are becoming major milestones

in academia and their implications are being investigated (Sanchez-Ruiz et al., 2023; Ugras et al., 2024). Yet
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little is known about how these technologies contribute to students’ learning and how they can be used. In
the present study, the PTs’ awareness of ChatGPT applications and their active use of it enabled us to better
understand their approaches to Al technologies. In other words, these thoughts of the teachers can also be

considered as an output of their own experiences.

Faculties of education aim at developing certain competencies in future teachers. Two of these are sub-
ject matter knowledge, and pedagogical content knowledge which is about how to teach the subject (Giiler
& Celik, 2019). While proponents of Al frequently assert that their intention is not to replace teachers (Ford,
2018), the performance of Al, especially in subject matter knowledge, has been examined by various re-
searchers. The reason behind this research is undoubtedly the idea that users can interact with Al and learn
from it. As a matter of fact, the results of the current study revealed that the PTs regarded ChatGPT as an
assistant in terms of not only subject matter knowledge but also pedagogical content knowledge. However,
some researchers point out that ChatGPT’s performance in different mathematics subjects is not very good.
Forexample, astudy conducted by Bagno et al. (2024) pointed out that ChatGPT’s performancein linear alge-
bra is not as good as expected. Similarly, the study conducted by Nguyen et al. (2023) showed that ChatGPT
has difficulty in place value and number line problems. The lack of reliability and data accuracy highlights
the need for careful monitoring and validation of Al tools. As for the pedagogical content knowledge aspect,
as documented in Wardat et al. (2023), ChatGPT may fall short in providing appropriate feedback and in
handling misconceptions. Moreover, it harbors the potential to engender its own misconceptions. There-
fore, if not properly checked, ChatGPT can sometimes produce inaccurate or misleading information, which
could negatively impact learning outcomes (Hasanein & Sobaih, 2023). Although some participants were
aware of these risks, it is possible that others were not. Therefore, teacher educators should be aware of the
current perceptions of PTs regarding the use of ChatGPT and provide information on ChatGPT for improving
students’ problem solving skills may not always result positively. Even researchers directly demonstrate the
potential of ChatGPT in improving academic achievement, they also indicate the need for the correct and

safe use of this technology and even the need for guidelines for it (e.g. Wardat et al., 2023).

On the other hand, PTs’ perception of ChatGPT as an authority in terms of pedagogical content knowl-
edge (effective material selection, sample question selection, lesson plan preparation) may cause signifi-
cant problems. Because both lesson plans and selected questions should contain differences according to
the achievement level of the class (Cai & Wang, 2006), student’s prior knowledge (Burton & Burton, 2016),
and the objectives of the teaching that are to be assessed. In other words, designing an effective teaching
environment requires taking into account different classroom variables. This result brings to mind the ques-
tion of whether PTs need support at these points in their professional development. For this reason, it may
be considered to compare professional needs with the questions asked to ChatGPT in future studies.

ChatGPT presents information based on language patterns; however, it does not have the ability to
independently evaluate the accuracy of this information or conduct an in-depth analysis of reality. PTs
stated that this situation is one of the obstacles to improve students’ mathematical thinking. According to
Schoenfeld (2017), powerful mathematical thinkers should be able to engage in sense making and “produc-
tive struggle” (p. 421). According to Perkins (2016), challenging tasks encourage students to do harder math-
ematics and to think critically about answers. For this reason, it is valuable to know that this risk mentioned
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by PTs is encountered in mathematics classrooms. The negativities that may be caused by directly solving
a problem or doing a mathematical proof through ChatGPT should also be taken into consideration in the

purposes of using these tools in the classroom.

Alternative assessment approaches have a critical role on assessing students’ learning outcomes. These
approaches focus on evaluating students’ progress in the process rather than result-oriented tests. For this
purpose, tasks, project tasks and homework assignments that students will work on in out-of-school learn-
ing environments often have an important place (Birgin & Baki, 2009). Alternative assessment requires stu-
dents to perform, create, produce and act (Bori¢ & Zecevic, 2021). Despite this importance, it was previously
suggested that this situation should be taken into consideration in the reform studies since alternative as-
sessment was perceived as unreliable by teachers (Watt, 2005). However, since the use of Al applications in
education has been discussed, it can be said that the negative view of alternative assessment has gained a
different dimension. Many studies point to ethical issues such as cheating and plagiarism as risks of using
ChatGPT in education (e.g. Galindo-Dominguez et al., 2025; ipek et al., 2023; Lee et al., 2024). The fact that
PTs in this study expressed a similar situation may indicate that they are likely to use a limited alternative
assessment when they become teachers. In this sense, as Herbold et al. (2023) suggested, teaching concepts
based on Al models must be re-imagined, like math using the calculator to teach general concepts first, then

using Al tools to free up time for other learning goals.

Finally, the results show that some of the PTs are concerned that Al may replace teachers in the near
future. It is known that this concern is not limited to the teaching profession. In addition to lowering em-
ployees’ self-efficacy and self-management, Al awareness contributes to an anxious and insecure feeling
(Alisic & Wiese, 2020). According to Schiff (2021), despite the fact that Al cannot replace human teachers, it
can encroach on the job market for human teachers. The clearer one’s vision of Al is, the more threats one
may perceive from it (Wang et al., 2023). Therefore, teacher education institutions have an important role to

play in assisting future teachers acquire this vision.

5. CONCLUSIONS

This study highlights PTs’ perspectives on the integration of ChatGPT into mathematics classrooms and re-
veals both its potential benefits and challenges. While ChatGPT can support both subject matter knowledge
and pedagogical content knowledge, concerns remain regarding its reliability, feedback quality, and impact
on provoking students’ mathematical thinking. The results suggest that while PTs recognize ChatGPT as a
useful tool, they also acknowledge the risks associated with its uncritical use in the classroom. This under-
scores the need for teacher education programmes to equip future educators with a critical understanding

of Al tools and to enable them to make effective use of the technology while reducing its limitations.

As Al continues to evolve, its role in education should be carefully examined to align with best pedagogi-
cal practices. Teacher educators should promote Al literacy among PTs by helping them develop strategies to
meaningfully integrate ChatGPT while maintaining the core elements of mathematical reasoning and student
engagement. Furthermore, concerns about Al replacing teachers or influencing assessment practices empha-
size the need for well-defined guidelines on the use of Al in education. Future research should explore how Al
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can be incorporated into teacher education to enhance professional competences while addressing ethical

and pedagogical concerns. By doing so, educators can harness the potential of Al without compromising it.

6. LIMITATIONS AND FUTURE IMPLICATIONS

Although this study provides valuable insights into PTs’ perspectives on the use of ChatGPT in mathemat-
ics classrooms, some limitations should be acknowledged when interpreting the results. First, the sample
consisted of 72 PTs from a specific educational context, which may limit the generalizability of the find-
ings to other majors or levels of teaching experience. A more diverse sample including in-service teachers
and educators from different educational systems may provide a broader perspective on Al integration in
mathematics education. Second, the study is based on self-reported data, which may be influenced by par-
ticipants’ personal experiences, biases, or limited exposure to Al tools. Future research could include ob-
servational methods or experimental designs to assess PTs’ actual interactions with ChatGPT in classroom
settings. Third, although the study primarily focused on ChatGPT, a variety of Al tools with different capabil-
ities exist. Investigating multiple Al-supported platforms may offer a more comprehensive understanding of
how different Al applications support or hinder mathematics teaching and learning. Finally, this study did
not measure the long-term effects of ChatGPT use on PTs’ pedagogical development or students’ learning

outcomes. Future longitudinal studies could examine the effects of sustained Al use over time.
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Appendix 1. Survey questions

QUESTION THE PURPOSE

What do you think about chatbots based on artificial intelligence? Do you
think this technology can be used in teaching and learning environments?
How?

Identifying the purposes of using artificial intelligen-
cein education

Do you think that artificial intelligence applications such as ChatGPT in
mathematics education will have benefits? If yes, explain by giving concrete
examples.

Determining positive opinions (advantages) on the
purposes of using ChatGPT in education

Do you think that artificial intelligence applications such as ChatGPT in

mathematics education will have disadvantages? If yes, explain by giving

concrete examples. Determining negative opinions (disadvantages) on
the purposes of using ChatGPT in education

Do you have any concerns or hesitations about using ChatGPT in mathema-
tics education in the future? If so, what are they?

In which ways ChatGPT can be used in a math lesson? Can you give concrete Determining opinions on the ways of using ChatGPT
examples? in education
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RESUMEN

La accesibilidad digital constituye un factor clave para la inclusién educativa del alumnado con Trastorno del Espectro
Autista (TEA). Aunque las tecnologias digitales tienen el potencial de mejorar la ensefianza y promover un aprendizaje
mas equitativo, la falta de formacién docente en accesibilidad sigue siendo una barrera significativa. El presente estudio
tiene como objetivo principal conocer el nivel de formacién y conocimiento tecnoldgico que el profesorado de Educa-
cién Secundaria, bachillerato y Formacién Profesional presenta con respecto a las Tecnologias de la Informacién y la
Comunicacién (TIC) en el ambito de la accesibilidad y el alumnado con TEA. Asimismo, se explora como la influencia de
variables ordinales (edad, afios de experiencia docente y nivel educativo) y nominales (género, titularidad del centro y
comunidad auténoma) en dicha formacion. Para llevar a cabo esta investigacion, se utilizé un disefio transversal con
enfoque descriptivo y predictivo de tipo cuantitativo. La muestra final fue de 3353 profesores espafioles. Para la recogida
de informacion se utilizd un cuestionario elaborado ad-hoc. Los resultados del estudio mostraron que los profesores en-
cuestados presentan un nivel bajo de competencia digital en accesibilidad tecnoldgica para el alumnado con TEA, siendo
los docentes de niveles educativos superiores (Bachillerato y FP) los que presentan una menor capacitacion. Asi mismo,
se identifican diferencias significativas en la competencia digital segiin género, comunidad auténoma vy titularidad del
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centro. Estos hallazgos evidencian la necesidad de programas formativos especificos que aborden la accesibilidad digital
y la atencién al alumnado con TEA en todos los niveles del sistema educativo.

PALABRAS CLAVE accesibilidad, TEA, TIC, formacién del profesorado

ABSTRACT

Digital accessibility is a key factor for the educational inclusion of students with Autism Spectrum Disorder (ASD). Al-
though digital technologies have the potential to improve teaching and promote more equitable learning, the lack of
teacher training in accessibility remains a significant barrier. The main objective of this study is to find out the level of
training and technological knowledge that Secondary Education, Baccalaureate and Vocational Training teachers have
regarding Information and Communication Technologies (ICT) in the field of accessibility and students with ASD. It also
explores the influence of ordinal variables (age, years of teaching experience and educational level) and nominal varia-
bles (gender, ownership of the centre and autonomous community) on this training. In order to carry out this research,
a cross-sectional design with a descriptive and predictive quantitative approach was used. The final sample consisted
of 3353 Spanish teachers. An ad-hoc questionnaire was used to collect information. The results of the study showed that
the teachers surveyed have a low level of digital competence in technological accessibility for students with ASD, with
teachers at higher educational levels (Baccalaureate and Vocational Training) being the least qualified. Likewise, signifi-
cant differences in digital competence are identified according to gender, autonomous community and ownership of the
centre. These findings highlight the need for specific training programmes that address digital accessibility and care for
students with ASD at all levels of the education system.

KEYWORDS Accessibility, ASD, ICT, Teacher Training

1. INTRODUCCION

El Trastorno del Espectro Autista (TEA) es un trastorno del neurodesarrollo caracterizado por alteraciones
persistentes que afectan distintas areas del desarrollo (comunicacion, interaccidn y la conducta). Segin el
Manual Diagndstico y Estadistico de los Trastornos Mentales (DSM-5), se pueden identificar cuatro criterios
diagndsticos principales: dificultades en la comunicacion e interaccion social (criterio A), patrones repeti-
tivos y restringidos de comportamiento, intereses o actividades (criterio B), manifestacion de los sintomas
desde las primeras etapas del desarrollo (criterio C) y una afectacion significativa en la vida diaria de la per-
sona (criterio D) (American Psychiatric Association, 2014).

En los ultimos afios, la prevalencia del TEA ha aumentado significativamente debido a mejoras en los
métodos de deteccidon y cambios en los criterios diagndsticos (Montagut et al., 2011). Segln la Organizacion
Mundial de la Salud (OMS, 2017), aproximadamente 1 de cada 160 nifios tiene TEA, aunque estudios epide-

mioldgicos sugieren un incremento en la prevalencia a nivel mundial (Manenner et al., 2018).

En el contexto educativo espafiol, el nimero de estudiantes con TEA ha aumentado de manera conside-
rable. De acuerdo con datos del Ministerio de Educacion y Formacion Profesional y la Confederacion Autis-
mo Espafia (2023), la presencia de este alumnado en educacidn no universitaria ha crecido un 160 % desde
el curso 2011/2012. Sin embargo, su la continuidad en estudios postobligatorios sigue siendo un desafio:
los datos mas recientes (2021/2022) reflejan que solo un 3,03 % de estos estudiantes accedié a Bachillerato

y un 4,23 % a Formacidn Profesional, en comparacion con el 26,99 % que cursaba Educacién Secundaria
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Obligatoria (ESO). Esta disminucion representa una barrera para su desarrollo académico y profesional,
limitando sus oportunidades de insercion social y laboral (Confederacién Autismo Espafia, 2023; Garcia-
Gonzalez et al., 2022).

A partir de esta problematica, el presente estudio se propone analizar el grado de formacién y compe-
tencia digital del profesorado de Educacién Secundaria, Bachillerato y Formacion Profesional en relacion
con la accesibilidad tecnoldgica dirigida al alumnado con TEA, identificando posibles brechas formativas y
factores asociados. Esta investigacion cobra especial relevancia en el marco de la educacién inclusiva, don-

de la accesibilidad digital y la preparacidon docente son elementos esenciales para garantizar la equidad.

Cabe sefialar que este trabajo forma parte de un estudio mas amplio centrado en la evaluacion de la for-
macion y competencia digital del profesorado en el uso de las TIC como recurso para la atencién educativa
del alumnado con discapacidad. En este caso, el analisis se focaliza especificamente en el ambito del TEA,
con el objetivo de generar evidencia empirica que contribuya al desarrollo de practicas mas inclusivas en las

etapas educativas postobligatorias.

La hipétesis de partida es: el profesorado de Educacién Secundaria, Bachillerato y Formacion Profesio-
nal presenta un bajo nivel de formacién y competencia digital en accesibilidad tecnoldgica para el alumna-
do con TEA.

Teniendo en cuenta lo anteriormente expuesto, nos planteamos las siguientes preguntas de investigacion:

+ ;El profesorado de Educaciéon Secundaria, Formacion Profesional y Bachillerato cuenta con la

formacion necesaria para garantizar la accesibilidad tecnoldgica a estudiantes con TEA autismo?

+ ¢Factores como el género, la comunidad auténoma o la titularidad del centro educativo influyen

significativamente en el nivel de competencia digital docente en accesibilidad?

« ;Elnivel de competencia digital docente en accesibilidad varia en funcidn de factores como la edad,

la experiencia profesional o el nivel educativo en el que se imparte docencia?

Este estudio adquiere relevancia por diversas razones fundamentales:

En primer lugar, debido a la escasez de investigaciones previas, ya que, tanto a nivel nacional como
internacional, existe una limitada produccidn cientifica que aborde de manera especifica la relacién entre
TEA autismo, TIC y formacidn del profesorado de Educacidén Secundaria, Bachillerato y Formacion Pro-
fesional. Como se ha evidenciado en revisiones bibliograficas (Duran Cuartero, 2021), este es un campo
de estudio poco explorado, lo que resalta la necesidad de generar conocimiento actualizado y basado en
evidencia. En segundo lugar, nos permite la identificacion de brechas en la formacién docente, pues al
evaluar el nivel de competencia digital del profesorado en materia de accesibilidad para alumnado con
TEA, el estudio permitira detectar posibles deficiencias en la formacion tecnoldgica, lo que servird como
punto de partida para disefiar estrategias de mejora en la capacitacion docente. En tercer lugar, es el posi-
ble impacto en el marco de la educacién inclusiva, ya que la accesibilidad digital es clave para garantizar
el derecho a una educacion equitativa. Identificar el grado de preparacion del profesorado en esta area
contribuira a mejorar las estrategias de ensefianza y la inclusidn educativa, permitiendo que el alumnado

con TEA acceda a oportunidades de aprendizaje en igualdad de condiciones. Por Ultimo, la contribucién a
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la mejora de planes de formacidn. En este sentido, los resultados de esta investigacion podran servir como
base para disefiary actualizar programas de formacion docente, asegurando que las TIC sean utilizados de

manera efectiva para favorecer la autonomiay el aprendizaje del alumnado con TEA.

2. MARCO TEORICO

2.1. Accesibilidad tecnolégica y disefio universal en el alumnado con TEA

El avance de las tecnologias digitales ha abierto nuevas posibilidades para mejorar el aprendizaje y la inclu-
sion del alumnado con discapacidad, especialmente de aquellos con Trastorno del Espectro Autista (TEA)
(Chaidi & Drigas, 2023; Rajagopal & Chandrashekaran, 2024). Un componente clave en este proceso es la
accesibilidad tecnoldgica, que no se limita al acceso fisico a los dispositivos, sino que abarca también su
usabilidad y el disefio universal, entendido como la creacidn de entornos y recursos digitales utilizables por
todas las personas sin necesidad de adaptacion. Este principio esta recogido en el Real Decreto Legislativo
1/2013, que establece que los productos y servicios deben ser comprensibles y utilizables por todas las per-

sonas en condiciones de seguridad, comodidad y autonomia.

La incorporacidn de tecnologias accesibles y el disefio universal en entornos educativos favorece expe-
riencias de aprendizaje mas personalizadas y motivadoras, contribuyendo a la autonomia del estudiante y a
la equidad en la participacion (Kalemkus, 2024, Lopez Bouza y Moral Pérez, 2021). Investigaciones recientes
destacan que, cuando se implementan adecuadamente, estas herramientas pueden reducir las barreras de
acceso al aprendizaje y mejorar la integracion del alumnado con TEA en el aula (Bolte et al., 2021; Parsons
etal., 2019). Sin embargo, la falta de formacion del profesorado en materia de accesibilidad digital sigue

siendo un obstaculo significativo.

2.2. Formacion docente y aplicacion tecnoldgica en el alumnado con TEA

El nivel de competencia digital docente es un factor determinante para la integracion de tecnologias ac-
cesibles en el aula. En el contexto espafiol, diversos estudios han sefialado la insuficiente preparacion del
profesorado en esta area (Fernandez Batanero et al., 2024; Gallardo Montes et al., 2023; Lledé et al., 2020).
A nivel internacional, se observan hallazgos similares: investigaciones como las de Saladino et al. (2020) y
Gallardo-Montes y Capperucci (2021) evidencian la necesidad de fortalecer la capacitacion del profesorado

en accesibilidad digital y disefio universal para la ensefianza.

Algunos estudios han resaltado la importancia de la formacidn docente en tecnologias de asistencia y
accesibilidad (Fernandez-Cerero et al., 2024). Por ejemplo, Luque y Rodriguez Infante (2009) destacaron que
una adecuada formacion en accesibilidad universal permite a los docentes facilitar la inclusion educativa
del alumnado con discapacidad. Mas recientemente, Santos Suares et al. (2024) propusieron un programa
de formacién continua en tecnologia de asistencia para apoyar a estudiantes con TEA, subrayando su im-

pacto positivo en el proceso de ensefianza-aprendizaje.

Otro recurso clave es el uso de inteligencia artificial (IA) en la educacion inclusiva. Investigaciones re-
cientes indican que la IA puede ayudar a los docentes a adaptar contenidos y estrategias de ensefianza a las
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necesidades individuales del alumnado con TEA, favoreciendo una ensefianza mas efectiva y personalizada
(Estrada et al., 2024; Luckin et al., 2021).

La investigacion sobre la competencia digital del profesorado ha analizado el impacto de variables
como la edad y el género en el nivel de dominio de herramientas digitales. Mas Garcia et al. (2024) conclu-
yeron que el profesorado percibe un nivel intermedio de competencia digital, independientemente de estas
variables, aunque a mayor edad, se reporta un menor nivel de competencia percibida. Ademas, aunque
en términos generales no se observan diferencias significativas por género, si se identifican variaciones en

funcion de las dimensiones especificas de la competencia digital analizadas.

Estudios como los de Pérez-Navio et al. (2021) y Moreno-Guerrero et al. (2020) sugieren que los docentes
mas jovenes, al haber estado expuestos a la tecnologia desde una edad temprana, tienen mayor facilidad para
integrar herramientas digitales en sus metodologias de ensefianza. Por otro lado, se ha documentado que las
mujeres tienden a obtener puntuaciones menores en competencia digital en comparacion con los hombres,

lo que refleja una posible brecha de género en este ambito (Aznar-Diaz et al., 2019; Romero et al., 2023).

Ante estas carencias, se han desarrollado diversas propuestas formativas para mejorar la preparacion
del profesorado en accesibilidad digital (Chen, 2022; Nijakowka & Guz, 2024). Programas recientes han de-
mostrado que la formacién especifica en esta area no solo incrementa los conocimientos de los docentes,
sino que también mantiene un alto grado de motivacidn durante el proceso (Corte y Quezada, 2024; Tarraga
etal., 2024).

Finalmente, revisiones sistematicas han puesto de manifiesto la necesidad de incorporar la tecnologia
de asistencia en la formacién docente para garantizar la accesibilidad y la inclusidn educativa (Ancaya Marti-
nez et al., 2024; Seale, 2014). Estas estrategias formativas pueden contribuir a reducir las brechas existentes
y mejorar la integracion de las TIC en la ensefianza de alumnado con necesidades especificas de apoyo

educativo.

3. METODOLOGIA

Partimos de un enfoque descriptivo, en tanto en cuanto persigue obtener informacién que permita realizar
un diagndstico de esta realidad, seleccionado para ello una metodologia de corte cuantitativo y el estudio

tipo encuesta, siendo la técnica utilizada para recoger la informacion el cuestionario.

3.1. Instrumento de recogida de informacion

Elinstrumento de recogida de informacion fue un cuestionario elaborado ad hoc, denominado “Cuestiona-
rio de Capacitacién Docente en Competencias Digitales Inclusivas como Apoyo al alumnado con Trastorno
del Espectro Autista (CODITEA)”. Estaba formado por 30 items, divididos en 3 dimensiones: aspectos genera-
les (G), formacidn y experiencia en TIC con personas con TEA (FyETIC) y accesibilidad (ACC). Cada afirmacidn
debe ser valorada mediante una escala Likert de acuerdo-desacuerdo de 6 puntos, donde 1 es MN= Muy
Negativa; 2 es N= Negativa; 3 es LN= Ligeramente Negativa; 4 es LP= Ligeramente Positiva; 5 es P= Positiva y;

6 es MP= Muy Positiva.
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Para su validacidn (validez de contenido), participaron 32 jueces, seleccionados mediante el llamado
“Coeficiente de competencia experta” o “Coeficiente K” obtenido mediante la aplicacion de la siguiente
formula: K= (Kc + Ka), donde Kc es el “Coeficiente de conocimiento” o informacion que tiene el experto
acerca del tema o problema planteado; y Ka es el denominado “Coeficiente de argumentacién” o funda-
mentacion de los criterios de los expertos (Cabero-Almenara, et al., 2016). En este sentido, el Coeficiente
K resulto ser de 0.8, significando que los jueces participantes presentaban un nivel alto de competencia
experta, asegurando asi la validez de contenido del instrumento utilizado en el estudio.

La fiabilidad del instrumento se obtuvo mediante dos estadisticos, el alfa de Cronbach y la Omega de
McDonald (Ventura-Ledny Caycho-Rodriguez, 2017), los valores obtenidos en la dimension de accesibilidad
fueron para el alfa de Cronbach (.94) y el Omega de McDonald (.95). En este sentido y siguiendo a O "Dwyer
y Bernauer (2014), los resultados obtenidos demuestran una alta confiabilidad en la dimensién estudiada.
Ademas, a nivel general del instrumento se utiliz6 el Analisis Factorial Exploratorio (AFE) bajo el método
de maxima verosimilitud con rotacién varimax. Se obtuvo un valor de 0.934 en la prueba de adecuacién
muestral KMO (Kaiser-Meyer-Olkin) y la prueba de esfericidad de Bartlett resulté significativa (x* = 4305.923,
p <0.05). La version final explico el 85.25 % de la varianza verdadera. Ademas, el analisis factorial confirma-
torio (AFC) mostrd que los datos de los docentes se ajustaban adecuadamente al modelo tedrico propuesto.

Los coeficientes cumplian con los umbrales establecidos por Bentler (1989) y Schumacker y Lomax (2004).

Elinstrumento final fue administrado en linea mediante la herramienta Google Forms, y puede consul-
tarse en la siguiente direccion web: https://bit.ly/CODITEA-EVALUACION

3.2. Muestra

En este estudio se ha trabajado con una muestra de 3353 profesores espafioles. Su distribucion se muestra
en la Figura 1.

FIGURA 1. Porcentaje de representacion por Comunidades auténomas

%
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Castillay Ledn | 3,90%
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Aragon B 4,50%
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B aR2,710%
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Con respecto a las caracteristicas de la muestra, hay que decir que estaba conformada por 1466 hom-
bres (43,70 %) y 1793 mujeres (53,50 %). Entre las representaciones minoritarias estan las opciones: No Bi-
nario (2.00 %) y Prefiero No Indicarlo (0.80 %). Aunque las mujeres superan a los hombres en participacion,
la diferencia del 9.80 % sugiere un equilibrio razonable en la distribucién de género entre estas dos catego-

rias principales.

En funcidn a la edad del profesorado el grupo mas numeroso es el representado por aquellos que osci-
lan entre los 41y 55 afios (1167; 34.80 %), seguidos de entre 31y 40 afios (F=992; 29.60 %), mas de 55 afios
(F=608; 18.10 %) y por Gltimo aquellos que tienen menos de 30 afios (F=586; 17.50 %).

En relacidn con la experiencia docente el rango de 1 a 5 afios es el mas representado, con un 22.60 %
(F=759) de los participantes, de 6 a 10 afios constituye el 17.50 % (F=587), los rangos de 11 a 15 afos
(12.00 %), de 21 a 25 afios (12.30 %) y mas de 30 afios (13.10 %) muestran participaciones similares.

Sobre la titularidad del centro, hay que comentar que el 72.00 % (F=2413) son publicos, el 15.40 %
(F=517) de caracter privado y el 12.60 % (F=423) de caracter concertado. La distribucion se ajusta a las ca-
racteristicas generales del sistema educativo espafiol, con una clara predominancia de los centros publicos,

seguidos por una presencia menor pero significativa de centros privados y concertados.

En relacion con el nivel educativo en el que imparten docencia, su distribucién es la siguiente (Figura 2).

FIGURA 2. Nivel educativo en el que imparte docencia

Distribucién del profesorado segin nivel educativo
12 ESO [ 436
20ESOf 351
32 ESO 442
42 ESOF 527
12 Bachillerato | 694
2 Bachillerato | 403
Ciclo Grado Medio FP | 187

Ciclo Grado Superior FP 313

4] lll)O 260 BEIJO 460 5{50 660 760
Numero de docentes
La alta representacion de la Ensefianza Secundaria Obligatoria se alinea con su caracter obligatorio, lo
que implica una mayor demanda de docentes en este nivel. La distribucidn refleja la estructura piramidal
del sistema educativo, con una base amplia en la ESO que se va estrechando en niveles superiores.

3.3. Analisis de datos

Para el tratamiento de los datos recogidos a través del cuestionario CODITEA, se aplicaron diversas técnicas
estadisticas adecuadas al enfoque cuantitativo del estudio. Inicialmente, se realizaron analisis descriptivos
de medidas de tendencia central (media, mediana, moda) y de dispersidn (desviacidn estandar y varianza)

para valorar el nivel de competencia digital en accesibilidad tecnoldgica del profesorado encuestado.
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Posteriormente, se llevaron a cabo pruebas inferenciales para contrastar las hipdtesis planteadas. En
concreto, se utilizd la prueba t de Student para comparar medias entre grupos en funcion del género, asi
como analisis de varianza (ANOVA) para examinar diferencias segun la comunidad auténoma, la titularidad
del centro y la experiencia profesional. En aquellos casos en los que se detectaron diferencias significativas,

se aplicaron pruebas post hoc (HSD de Tukey) para identificar los grupos responsables de dichas diferencias.

Asimismo, se comprobaron los supuestos de normalidad y homogeneidad de varianzas mediante la
prueba de Levene. La adecuacion de los datos para el analisis factorial se verificd mediante la prueba KMO
(Kaiser-Meyer-Olkin), que obtuvo un valor de 0.934, y la prueba de esfericidad de Bartlett, que resultd signi-
ficativa (x* = 4305.923, p < 0,05), indicando la pertinencia de aplicar analisis factorial exploratorio y confir-

matorio en la validacion del instrumento.

El analisis de los datos se realizé utilizando el software estadistico IBM SPSS (versidn 26.0), garantizando

el rigory la fiabilidad en el tratamiento de la informacion recogida.

4. RESULTADOS

A continuacidn, se presentan los resultados obtenidos del cuestionario, organizados de acuerdo con las

preguntas de investigacion planteadas.

Con respecto a la primera pregunta de investigacion (Q1), si el profesorado de Educacién Secundaria,
Formacion Profesional y Bachillerato cuenta con la formacion necesaria para garantizar la accesibilidad tec-
noldgica a estudiantes con TEA, los resultados muestran un nivel de formacion digital en accesibilidad del
profesorado bajo, como se puede ver en el analisis de las medidas de tendencia central analizadas (evaluaron
conocimientos sobre uso de tecnologias accesibles, adaptacion de contenidos digitales, manejo de herra-
mientas de asistencia y disefio universal para el aprendizaje) (Tabla 1). Esta tabla ofrece una vision global y
detallada de la distribucion de las respuestas, mediante las medidas de tendencia central y de dispersion.
De este modo, no solo se presenta el nivel promedio de competencia digital, sino también la concentracion
y variabilidad de las respuestas, lo que permite interpretar con mayor precision la consistencia del bajo nivel
de formacion reportado en los resultados.

El analisis de las medidas de tendencia central de las dimensiones correspondientes a los items del

cuestionario nos arroja los siguientes resultados:

En relacién con la media de los items los en- TABLA 1. Medidas de tendencia central
cuestados tienen una valoracion baja (1.85) sobre su
. L. . , Medias de tendencia central Accesibilidad

nivel de conocimiento con la accesibilidad tecnolo-

gica como apoyo al alumnado con TEA. Con respec- Media 185
to a la mediana (valor central de la distribucidén o la Mediana 1.25
puntuacidén que divide la muestra en dos mitades Moda 1.00
iguales), las puntuaciones son menores que la me- Desviacién estandar 1.14
dia (1.25), lo que sugiere una posible concentracion Varianza 131

de puntuaciones bajas. Sobre la puntuacién que
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mas se repite (Moda=1) muestra que las puntuaciones mas frecuentes son bajas, indicando consistencia

con la medianay la media.

La desviacidn estandar obtenida (1.14), nos indica una variabilidad relativamente constante en las res-
puestas. Por lo que se refiere a la varianza (1.31), proporciona valores bajos, indicando que las respuestas no

son extremadamente dispersas, confirmandose las medidas anteriormente analizadas.

A nivel general, las respuestas estan concentradas cerca de los valores mas bajos de la escala Likert
(valores 1y 2, de los 6 posibles), lo que podria reflejar una percepcion limitada de formacién en accesibili-
dad en TIC relacionadas con personas con TEA. Este patrdn destaca areas de mejora significativa, como la
formacion en accesibilidad y el uso de TIC para apoyar a estudiantes con TEA.

Con respecto a la segunda pregunta de investigacion (Q2), sobre si factores como el género, la comuni-
dad auténoma o la titularidad del centro educativo influyen significativamente en el nivel de competencia
digital docente en accesibilidad, se procede al analisis de los resultados obtenidos en la prueba T de Stu-

dent seglin la variable género para la dimension de accesibilidad. (Tabla 2).

TABLA 2. Género y competencia digital. Estadisticas de grupo

Género N Media Desviacién estandar Media de error estandar
Mujer 1793 1.9204 1.06491 .02515
Accesibilidad
Hombre 1466 1.7850 .93072 .02431

Con relacién a la dimension 1 (Aspectos generales en TIC y TEA), la media obtenida por las mujeres ha
sido de 1.92. Los hombres han obtenido una media de 1.78; por lo que las mujeres presentan una media

significativamente mayor en esta dimension.

TABLA 3. Género y competencia digital. Prueba de muestras independientes para la dimensién analizada

Prueba de Levene
de igualdad de Prueba t para la igualdad de medias
varianzas
95 % de intervalo
Significacién Diferencia | de confianza de la
. Diferencia . .
F Sig. t gl ) de error diferencia
de medias .,
P dedos estandar
P de un factor Inferior | Superior
factores

o
S Seasumen
E varianzas 49.676 <001 |3.818 3257 <.001 <.001 .13534 .03545 .06583 | .20485
wv .
§ iguales
<
&
o
c
:g No se asumen
S varianzas 3.869| 3242.561 <.001 <.001 13534 .03498 .06676 20392
.g iguales
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Con relacion a los resultados obtenidos en la dimensidn 3 (Accesibilidad), también las mujeres obtienen

una media mas alta (1.92) frente a los hombres (1.79) (Tabla 2).

Al aplicar la Prueba de Levene los resultados muestran que F=49,676, p<0.001, las varianzas no son igua-

les, por lo que se analizan los resultados que no asumen varianzas iguales (Tabla 3).

Los resultados de la prueba T (t(3242.561) =3.869, p<0.001) indica que hay una diferencia estadistica-
mente significativa entre las medias por parte de las mujeres (0.13534).

De nuevo, se calculd el Tamario del efecto (d de Cohen), el resultado arrojé un valor de d=1.007. El tama-

fio del efecto es pequefio, lo que indica que el género tiene un impacto pequefio en esta dimensién (Tabla 4).

TABLA 4. Prueba t para igualdad de medias

T(gl) P Diferencia de Medias  1C 95 % inferior  1C 95 % superior D de Cohen
Varianzas iguales 3.82 (3257 .001 .14 .07 2 1.01
Varianzas no iguales 2.87 (3242) .001 .14 .07 2 1.01

Con respecto a si la comunidad auténoma donde se imparte docencia determina de forma relevante el ni-

vel de competencia digital en materia de accesibilidad, se procede al analisis de la varianza (ANOVA) (Tabla 5).

TABLA 5. Varianza (ANOVA) segun la variable comunidades autonomas para las tres dimensiones del cuestionario

Suma de cuadrados gl Media cuadratica F Sig.
Entre Grupos 452.685 18 25.149 28.860 <.001
Accesibilidad Dentro de grupos 2905.347 3334 871
Total 3358.032 3352

Al analizar la dimensién Accesibilidad y las comunidades auténomas, los resultados globales obtenidos
del ANOVA (F (18. 3334)=28.860, p<0.001) y el tamafio del efecto (0.135) nos indican unas diferencias entre
comunidades auténomas. Con relacién a las pruebas post hoc (HSD Tukey), se observan diferencias signi-

ficativas entre comunidades como Madrid, Cataluiia y Valencia frente a otras como Extremadura y Ceuta.

Con respecto a si la variable titularidad del centro de trabajo en el que se imparte docencia determinan
de forma relevante el nivel de competencia digital (tabla 6).

TABLA 6. Andlisis de la varianza (ANOVA) (Titularidad del centro de trabajo de los encuestados y dimensiones)

Suma de Cuadrados gl Media cuadratica F Sig.
Entre grupos 35.762 2 17.881 18.030 <.001
Accesibilidad Dentro de grupos 3322.270 3350 .992
Total 3358.032 3352

Se puede observar que los resultados obtenidos revelan que los centros publicos tienen puntuaciones
significativamente mas altas que los centros privados y concertados. En los subconjuntos homogéneos, los
centros Concertados (Media=1.6452) y Privados (Media=1.7085) forman un grupo con puntuaciones mas
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bajas. Mientras que los centros Publicos (Media=1.9627) tiene las puntuaciones mas altas. La interpretacion
es que los encuestados de centros publicos perciben que tienen mas formacion y experiencia en TIC con

personas con autismo, asi como una mayor accesibilidad. Por tanto, se rechaza la hipétesis nula.

Con respecto a la tercera pregunta de investigacion (Q3), sobre si el nivel de competencia digital docen-
te en accesibilidad varia en funcidn de factores como la edad, la experiencia profesional o el nivel educativo
en el que se imparte docencia, se procede al analisis de las correlaciones segln estas variables y los items
del cuestionario.

Con relacidn a los resultados obtenidos en la dimension Accesibilidad, los resultados del ANOVA han

sido de F(7. 3345)=3.194, p=0.002, por lo que se identifican diferencias significativas entre los grupos.

Eltamario del efecto (Eta cuadrado), presenta un valor de 0.007; esto indica que el 0.7 % de la varianza en

las puntuaciones esta relacionada con los afios de experiencia. El tamafio del efecto vuelve a ser pequefio.

TABLA 7. Analisis de la varianza (ANOVA) (Afios de experiencia docente de los encuestados y Dimensiones)

Suma de cuadrados gl Media cuadratica F Sig.
Entre grupos 22.299 7 3.186 3.194 .002
Accesibilidad Dentro de grupos 3335.733 3345 .997
Total 3358.032 3352

Al realizar las pruebas post hoc (HSD de Tukey), el grupo de “Mas de 30 afios” tiene puntuaciones signi-
ficativamente mas bajas que el grupo “De 1 a 5 afios”. Al realizar la comparacién significativa (p=0.01) entre

el grupo de “Mas de 30 afios” y el “De 1 a 5 afios”, se presenta una diferencia de medias de -0.21109.

TABLA 8. HSD Tukeya, b. Dimensién 03: Accesibilidad La |nterpretacién a estos resultados es que los
- docentes con mas de 30 afios de experiencia per-
" L. Subconjunto para alfa
3“°S dte experiencia N =0.05 ciben menor accesibilidad en comparacién con los
ocente:
1 docentes con menos experiencia, lo que podria re-
No aplicable 16 1.6250 flejar una percepcién critica adquirida a lo largo del
Mas de 30 afios 438 1.7123 .
tiempo.
De 6 a 10 afios 587 1.7749
De 11 a 15 afios 403 1.8210 Las conclusiones generales de estos resultados
De 21 a 25 afios 414 1.8342 es que, en todas las dimensiones hay diferencias sig-
De16a20ahos 278 1.9065 nificativas en las puntuaciones entre los grupos de
Dela5 afios 759 1.9234 o L . .
afios de experiencia docente. El grupo sin experien-
De 26 a 30 afios 458 1.9490 . . ,
sig 285 cia docente destaca por sus puntuaciones mas altas

Se visualizan las medias para los grupos en los subconjuntos en la Dimension 1.

homogéneos.

— - - — Aunque las diferencias son significativas, los ta-
2, Utiliza el tamafio de la muestra de la media arménica =

101.935. marios del efecto (méaximo de 1,9 %) son pequefios,

b. Los tamafios de grupo no son iguales. Se utiliza lamediaar- o que sugiere que los afios de experiencia explican
ménica de los tamafios de grupo. Los niveles de error de tipo |
no estan garantizados.

solo una pequefia proporcién de la varianza.
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Los resultados sugieren la necesidad de formacidn continua, especialmente en accesibilidad y forma-

cién en TIC con personas con TEA, para reducir diferencias entre los grupos de experiencia docente.

5. DISCUSION

Los hallazgos de este estudio confirman la hipétesis de que el profesorado de Educacién Secundaria, Bachi-
llerato y Formacion Profesional presenta un bajo nivel de formacién y competencia digital en accesibilidad
tecnoldgica (1.85) para atender al alumnado con TEA. A partir del analisis de las medidas de tendencia
central, se observa que la mayoria de los docentes evaluados tienen una percepcion limitada de sus cono-
cimientos sobre accesibilidad digital, con una media baja en la dimensién de accesibilidad. Este resultado
esta en linea con investigaciones previas que han sefialado deficiencias en la formacién docente en tecno-
logias de asistenciay accesibilidad digital (Fernandez Batanero et al., 2024; Gallardo-Montes et al., 2023).

Ademas, los datos revelan que el nivel educativo impacta negativamente en la percepcién de conoci-
mientos y competencias TIC. Esto implica que, a medida que los docentes trabajan en niveles educativos su-
periores, su conocimiento sobre accesibilidad digital disminuye. Este hallazgo es especialmente relevante,
ya que pone en evidencia la necesidad de reforzar la formacion docente en accesibilidad tecnoldgica, par-
ticularmente en niveles superiores como Bachillerato y Formacidn Profesional, donde la tasa de alumnado
con TEA se reduce considerablemente (Confederacion Autismo Espafia, 2023).

Uno de los objetivos del estudio fue analizar el impacto de factores como género, comunidad auténoma
y titularidad del centro en la competencia digital en accesibilidad. En este sentido, los resultados indican
que las mujeres presentan puntuaciones ligeramente mas altas que los hombres en accesibilidad tecno-
l6gica, aunque el tamafio del efecto es pequefio. Esto coincide con estudios previos que han identificado
diferencias de género en el uso y percepcion de la competencia digital docente (Mas Garcia et al., 2024),

aunque sin una brecha significativa en términos generales.

Por otro lado, se encontraron diferencias significativas entre comunidades autonomas en la percepcién
de competencia digital en accesibilidad, lo que sugiere desigualdades en la formacidon y recursos tecnologi-
cos disponibles en cada regién. Comunidades como Madrid, Catalufia y Valencia presentaron puntuaciones
mas altas en comparacion con Extremadura y Ceuta. Esto podria explicarse por factores como las politicas
educativas autondmicas y el acceso a programas de formacion en TIC y accesibilidad (Pérez-Navio et al.,
2021).

En cuanto a la titularidad del centro educativo, los resultados muestran que el profesorado de centros
publicos presenta una mayor percepcion de formacidn en accesibilidad tecnoldgica que los docentes de
centros privados y concertados. Esto podria estar relacionado con la oferta formativa y los recursos dispo-
nibles en los centros publicos, asi como con la obligatoriedad de atender a una poblacion estudiantil mas

diversa e inclusiva (Gallardo-Montes y Capperucci, 2021).

Los datos también reflejan que los docentes con mayor experiencia perciben una menor competencia
en accesibilidad digital en comparacion con los docentes mas jovenes y con menos afios de experiencia.

Esto coincide con estudios previos que han sefialado que los docentes mas jovenes, al haber crecido en un
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entorno digital, tienden a sentirse mas cdmodos utilizando herramientas tecnoldgicas en el aula (Aznar-
Diaz et al., 2019; Moreno-Guerrero et al., 2020).

A pesar de que las diferencias son estadisticamente significativas, el tamafio del efecto es pequefio, lo
que sugiere que la experiencia docente no es un factor determinante, aunque si relevante. Esto refuerza la
necesidad de estrategias de formacién continua en accesibilidad digital para todos los docentes, indepen-

dientemente de su trayectoria profesional.

6. CONCLUSIONES

Las conclusiones generales del estudio son las siguientes:

+ Elprofesorado de Educacion Secundaria, Bachillerato y Formacion Profesional presenta un nivel bajo
de competencia digital en accesibilidad tecnoldgica para el alumnado con TEA.

+ Los docentes de niveles educativos superiores (Bachillerato y FP) tienen una menor percepcion de
competencia en accesibilidad digital, lo que podria influir en la baja continuidad del alumnado con

TEA en estos niveles.

+ Seidentifican diferencias en la competencia digital segiin género, comunidad auténomay titularidad
del centro. Las mujeres muestran una ligera ventaja en accesibilidad digital, los centros publicos
obtienen mejores resultados que los privados y concertados, y existen diferencias significativas entre

comunidades auténomas.

« Los docentes mas jovenes y con menos afios de experiencia presentan una mayor percepcion
de competencia digital en accesibilidad, lo que sugiere una brecha generacional en el uso de TIC

inclusivas.

+ Se recomienda la implementacién de programas de formacién docente en accesibilidad digital,
adaptados a los diferentes niveles educativos y realidades regionales, con el fin de garantizar una
educacion inclusiva y equitativa para el alumnado con TEA.

6.1. Implicaciones y recomendaciones

Los resultados de este estudio evidencian la necesidad de reforzar la formacidn docente en accesibilidad
digital y en el uso de las TIC orientadas al alumnado con TEA. A partir de estos hallazgos, se derivan diversas

implicaciones y recomendaciones fundamentales:

Desarrollo de programas de formacion continua: Se recomienda la implementacion de cursos y talleres
especificos sobre accesibilidad tecnoldgica y tecnologias de asistencia, tanto en la formacién inicial como
en la formacion permanente del profesorado (Santos Suares et al., 2024).

Incorporacion de accesibilidad digital en los planes de estudio: Es necesario que la formacién docente
en TIC incluya de manera transversal el uso de herramientas accesibles y el disefio universal del aprendi-
zaje, con el objetivo de garantizar la inclusién educativa de los estudiantes con TEA (Luque & Rodriguez
Infante, 2009).
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Reduccidn de desigualdades regionales: Dado que se han observado diferencias entre comunidades
auténomas, es fundamental que las politicas educativas regionales prioricen la formacién en accesibilidad
digital y la dotacién de recursos tecnoldgicos inclusivos en todos los territorios (Confederacién Autismo
Espafia, 2023).

Fomento del uso de la inteligencia artificial y la realidad aumentada: Tecnologias emergentes como la
IA, la realidad aumentada y los robots de asistencia social pueden desempefiar un papel clave en la per-
sonalizacion del aprendizaje y la accesibilidad educativa para el alumnado con TEA (Estrada et al., 2024;
Poglitsch et al., 2024).

Formacion diferenciada segun niveles educativos: Dado que los docentes de Bachillerato y Formacidn
Profesional tienen una menor percepcion de formacidn en accesibilidad digital, es necesario disefiar estra-
tegias especificas para estos niveles, asegurando que el alumnado con TEA tenga continuidad educativa en

todas las etapas.

6.2. Limitaciones y prospectiva

Al tratarse de un estudio con un disefio transversal, los datos recogen una fotografia puntual del nivel de
formacion docente en accesibilidad digital, pero no permiten analizar la evolucidn de la competencia digi-
tal a lo largo del tiempo. Otra limitacion es que la medicidn de la competencia digital en accesibilidad se
basa en la percepcion subjetiva de los docentes, lo que puede generar sesgos de respuesta. Por otro lado,
aunque el estudio proporciona datos cuantitativos detallados, no incluye informacién cualitativa sobre las
experiencias y percepciones de los docentes respecto a la accesibilidad digital. Entrevistas o grupos foca-
les podrian ofrecer un mayor contexto sobre las barreras y necesidades formativas. Por ultimo, decir que,
aunque el estudio proporciona datos cuantitativos detallados, no incluye informacién cualitativa sobre las
experiencias y percepciones de los docentes respecto a la accesibilidad digital. Entrevistas o grupos focales

podrian ofrecer un mayor contexto sobre las barreras y necesidades formativas.

De cara a un futuro, seria también interesante realizar algln estudio de corte empirico longitudinal, con

recogida directa de datos, en varios momentos y mediante metodologia observacional.
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ABSTRACT

This study examines preservice teachers’ intentions to embrace digital tools for instructional practices through the
Technology Acceptance Model (TAM), Theory of Planned Behavior (TPB), and the Task Technology Fit Model (TTF). A
cross-sectional research design was employed to test a hypothetical model through a self-report survey administered
to instructional technology course participants. A total of 210 participants took part in the research, with survey data
collected regarding preservice teachers’ opinions on embracing digital learning tools in their future practices. The partial
least square structural equation modeling (PLS-SEM) approach was utilized to scrutinize the study’s hypotheses, with the
proposed model yielding valid and reliable results. The study revealed that task technology fit was the most influential
predictor of preservice teachers’ intention to utilize digital learning tools for future instructional practices. Perceived use-
fulness and subjective norms were other significant predictors of behavioral intention, whereas attitude and perceived
behavioral control demonstrated no predictive power. Consequently, this study adds to the body of knowledge by intro-
ducing an integrated framework based on TAM, TPB, and TTF in the context of preservice teachers’ technology utilization
using digital learning tools.

KEYWORDS Digital Tools, Instruction, Intention, Preservice Teacher, Predictor

RESUMEN

Este estudio examina las intenciones de los profesores en formacion de adoptar herramientas digitales para las practicas
deinstruccion a través del Modelo de Aceptacion de la Tecnologia (TAM), la Teoria del Comportamiento Planificado (TPB)
y el Modelo de Ajuste de la Tecnologia a la Tarea (TTF). Se empled un disefio de investigacion transversal para poner a
prueba un modelo hipotético a través de una encuesta de autoinforme administrada a los participantes del curso de tec-
nologia educativa. Un total de 210 participantes tomaron parte en la investigacion, con los datos de la encuesta recogidos
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en relacion con las opiniones de los profesores en formacion sobre la adopcidn de herramientas de aprendizaje digital en
sus futuras practicas. Se utilizd el modelo de ecuaciones estructurales de minimos cuadrados parciales (PLS-SEM) para
analizar las hipdtesis del estudio, y el modelo propuesto arrojé resultados vélidos y fiables. El estudio revelé que la ade-
cuacion de la tecnologia a la tarea era el factor predictivo mas influyente en la intencidn de los profesores en formacion
de utilizar herramientas digitales de aprendizaje para futuras practicas docentes. La utilidad percibida y las normas sub-
jetivas fueron otros predictores significativos de la intencién conductual, mientras que la actitud y el control conductual
percibido no demostraron poder predictivo. En consecuencia, este estudio se suma al cuerpo de conocimientos mediante
la introduccion de un marco integrado basado en TAM, TPB, y TTF en el contexto de la utilizacion de la tecnologia de los
profesores en formacién utilizando herramientas digitales de aprendizaje.

PALABRAS CLAVE herramientas digitales, instruccién, intencién, profesor en formacién, predictor

1. INTRODUCTION

Although the integration of digital technologies within learning environments is not itself anything new, the
use of these technologies increased rapidly with the COVID-19 outbreak (Pozo et al., 2024). Technological
advancements have also significantly impacted upon modern teaching and learning methods, with the rap-
id and innovative growth of Internet technologies having led to the creation of numerous digital tools and
apps, smart devices such as laptop and tablet computers, as well as the ubiquitous smartphone revolution
(Ng,2015). Consequently, scholars and practitioners have explored the various ways in which these technol-

ogies may be employed for educational purposes (Taylor et al., 2021).

Technology use in delivering instruction was already prevalent in education for many years; howev-
er, almost overnight the pandemic forced the rapid and almost universal adoption of digital tools for the
enhancement of education (Paetsch & Drechsel, 2021) in that most face-to-face courses were replaced by
online education, which had a profound impact on students. Pandemic distance learning required students
to possess a high degree of self-regulation concerning their learning environment and to find new ways of
communicating with their peers and instructors. At the same time, the novel situation offered opportunities
to experience new educational applications. To learn more about the possible benefits of distance learning,
this study examines how the first online semester during the pandemic contributed to pre-service teachers’
intentions to use digital learning materials in the future. Pre-service teachers enrolled in a German univer-
sity (n = 348. As such, the world has witnessed a paradigm change in recent years, with contemporary stu-
dents utilizing a diverse range of programs and resources to produce their assignments rather than relying
on traditional tools such as pen and paper (Haleem et al., 2022). In light of the many ways digital technol-
ogies have enriched education, from facilitating student learning to fostering digital citizenship and pro-
moting lifelong learning (Ng, 2015), it is imperative that future educators are sufficiently prepared to make
effective use of these tools in the classroom. On this, Ertmer (1999) defined technology integration barriers
as internal and external, with teachers’ technical and pedagogical knowledge having a significant impact
on the meaningful integration of technology in education. Furthermore, Hew and Brush’s (2007) pioneering
study identified barriers to technology integration, revealing that the technological knowledge and skills of

teachers was a factor that affected their use of technology in the classroom.

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Erhan Unal & Ahmet Murat Uzun

In earlier research, Inan and Lowther (2010) revealed computer proficiency as an important determi-
nant of teachers’ technology integration, whilst a meta-analysis by Wilson et al. (2020) revealed that courses
related to technology integration enhanced preservice teachers’ technological and pedagogical knowledge.
In this regard, Ottenbreit-Leftwich et al. (2018) stated that equipping preservice teachers with appropriate
knowledge and experience related to technology integration may help them to overcome obstacles in their
future classroom teaching. However, whilst technological knowledge and skill are considered major factors
for effective technology integration, the perception toward and adoption of technology are also essential
issues. The successful utilization of digital resources within educational courses therefore relies significantly
on the actions of teachers (Miiller & Leyer, 2023). Prior to starting teaching, the assessment of preservice
teachers’ technology acceptance levels would help provide institutions with valuable information of inter-

est to various stakeholder groups.

In order to better prepare future educators to deliver benefit from the effective use of digital learning
tools in their instruction, teacher preparation programs need to provide student teachers with adequate
hands-on experience with the use of digital learning resources in the classroom environment (Paetsch &
Drechsel, 2021) in that most face-to-face courses were replaced by online education, which had a profound
impact on students. Pandemic distance learning required students to possess a high degree of self-regulation
concerning their learning environment and to find new ways of communicating with their peers and instruc-
tors. At the same time, the novel situation offered opportunities to experience new educational applications.
To learn more about the possible benéefits of distance learning, this study examines how the first online se-
mester during the pandemic contributed to pre-service teachers’ intentions to use digital learning materials
in the future. Pre-service teachers enrolled in a German university (n = 348. Teachers need to be leaders in
technology-supported environments, hence they should adopt and utilize digital tools in their teaching prac-
tices (Sharma & Saini, 2022). For this reason, the decisions made by preservice teachers’ on their expected

use of these tools require investigation, as well as the factors that could influence their decisions.

Several models exist which may be used to scrutinize technology acceptance such as the Technology Ac-
ceptance Model (TAM) (Davis, 1986), the Theory of Planned Behavior (TPB) (Ajzen, 1985), the Unified Theory
of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003), and the Task Technology Fit Theory
(TTF) (Goodhue & Thompson, 1995). Several studies have incorporated these models in the investigation of
user acceptance. For example, the TAM was used in researching inservice teachers’ acceptance of technol-
ogy (Hong et al., 2021; Wohlfart & Wagner, 2024), preservice teachers’ acceptance of technology (Teo et al.,
2015), preservice teachers’ intentions to use Web 2.0 tools (Simsek & Ates, 2022), and preservice teachers’
acceptance of educational robots (Casey et al., 2021). In other studies, the TPB was used in researching pre-
service teachers’ adoption of technology-enabled learning (Hou et al., 2022) and preservice teachers’ inten-
tions to use technology during their teaching practices (Habibi et al., 2023; Yusop et al., 2021). Additionally,
Dahri et al. (2024) employed TTF to investigate factors related to mobile-based teacher training.

Additionally, the adoption of digital tools in teaching has been studied. For example, Sharma and Saini
(2022) used the TAM to explore higher education instructors’ intentions to continue integrating electronic
resources into instructional practices, and Polly et al. (2022) examined how inservice and preservice teach-
ers perceived digital technology in terms of its importance, usefulness, competency, and interest. During

the COVID-19 pandemic, research was conducted to reveal instructors’ inclinations toward teaching online
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(Aivazidi et al., 2021; Sangeeta & Tandon, 2020), whilst following the pandemic, similar research was con-
ducted separately with inservice (Khong et al., 2022) and preservice teachers (Wang, 2022). The research to
date in this area has tended to focus mostly on teachers as participants and the investigation of their tech-
nology adoption behaviors. As the success and efficacy of digital technology usage attempts may depend
on users’ technology acceptance (Sharma & Saini, 2022), it would be reasonable to determine predictors
of digital tools usage during teacher education. Preservice teachers’ intentions regarding the use of digital
tools in their future professional teaching career may help serve as a predictor of their actual usage once
employed as teachers in the classroom. Thus, the intention of prospective teachers to benefit from digital
tools in the classroom is considered a crucial subject to explore.

The current study favored use of the TAM, TPB, and TTF models, which may be used to predict a teacher’s
propensity to utilize technology in their future teaching. The TAM was selected for the current study since it
is considered a strong model for learning technologies (Grani¢ & Marangunic, 2019) and is employed mainly
in research on technology acceptance. However, one important issue related to the TAM is that it neglects to
account for subjective beliefs or perceived behavioral control, wherein abilities, resources, and opportuni-
ties are deemed essential for forecasting the intention to utilize a technology (King & He, 2006; Mathieson,
1991). Given this limitation, the TPB was considered for the current research since it is also known as a
successful theory for the prediction of user intention based on essential variables such as subjective norms
and perceived behavioral control. Compared with the TAM, the TPB is considered more independent of
content, and its constructs are therefore applicable to any behavior (Ajzen, 2020). Lastly, given the plethora
of digital tools available for instructional purposes, it is considered essential to understand their various
characteristics and capabilities, as well as their alignment with users’ goals and intended objectives (Good-

hue & Thompson, 1995). Consequently, TTF was also integrated into the scope of the current investigation.

According to the literature, there have been various research studies regarding inservice teachers’ or
preservice teachers’ adoption of technology. The current study presents one of the first attempts to com-
bine three models to explore digital tools acceptance in the context of preservice teachers. The combining of
these three models is expected to shed additional light on preservice teachers’ adoption of digital learning
tools for their future instructional practices compared to research reliant upon only a single model. Pre-
service teachers can gain experience of using digital educational materials and are generally encouraged
to utilize technology in their teaching and learning as part of their teacher education (Paetsch & Drechsel,
2021). Thus, prior to the start of their professional teaching career, the use of an integrated model may help
to identify both positive and negative factors related to the use of digital tools in teaching. Moreover, the
results of the current study are expected to help instructors to use the most appropriate digital tools in the
education of preservice teachers.

In light of the aforementioned literature and prior research, the current study examined preservice
teachers’ intentions to embrace digital tools for instructional practices through the TAM, TPB, and TTF. Re-
garding the current study’s significance, the findings are expected to expand upon existing knowledge of the
factors driving preservice teachers’ intentions to benefit from digital learning tools by uncovering potential
connections between variables. As such, the research outcomes are expected to offerimplications pertinent
to both teaching practitioners and educational managers.
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2. THEORETICAL BACKGROUND

2.1. Digital Learning Tools

Digital technology has significantly impacted the field of education (Wang et al., 2024). The term “digital
technologies” includes both software and hardware such as desktop computers, mobile devices, recording
devices, smartboards, Web 2.0 tools, and multimedia tools (Ng, 2015). Multiple variants of these technolog-
ical advancements have spawned new delivery and teaching methods such as online learning and blended
learning (Khong et al., 2022)the coronavirus disease 2019 (COVID-19 as well as significantly changing tra-
ditional face-to-face classroom teaching methods (Miiller & Leyer, 2023). Incorporating these instruments
into pedagogical processes has resulted in positive outcomes for students such as increased engagement
and motivational development required for 21st-century skills (Taylor et al., 2021). Timotheou et al. (2023)
conducted a detailed evaluation of research that examined the effects of digital technology on education.
The research findings revealed that the utilization of digital technologies facilitated students’ learning in
particular academic disciplines and fostered the growth of their skill sets in areas such as creativity, prob-
lem solving, and computational thinking. Additionally, digital technologies have been shown to improve
students’ motivation, attitude, and academic confidence.

Several countries and international organizations have developed standards and requirements for edu-
catorsin the 21st century, including Turkey’s Ministry of National Education (2017), the International Society
for Technology in Education (2017), and the European Framework for the Digital Competence of Educators
(European Commission, 2017). These various standards incorporate the design, development, and imple-
mentation of effective learning processes and the integration of appropriate technologies within learning
environments. Regarding effective technology integration, teachers require both appropriate knowledge
and strong beliefs (Ertmer & Ottenbreit-Leftwich, 2010). As such, future educators must acquire proficiency
in the utilization of these resources and possess a favorable view of technology integration in the classroom
by effectively learning to employ digital tools in conjunction with sound pedagogical practices. In this re-
gard, among the many types of digital technologies currently available, the following were selected within
the scope of the current study (Bower, 2016; Bower & Torrington, 2020):

+ Online repository tools can be used to store and access instructional documents, presentations, vid-
eos, and other electronic files. These tools usually offer organized folder systems where permissions

can be set to control who can access and edit files or folders.

» Learning management systems (LMS) enable teachers to manage their course activities and stu-
dents’ work. Additionally, students can also access their course materials, course activities, and as-
signments, as well as monitor their own progress. LMS functionality also enables teachers to create
assignments and tests, monitor student progress, report and record statistics, and to supervise course

administration.

+ Online meeting platforms can be used to conduct virtual meetings and classes, with features includ-
ing video, audio, and chat utilized to facilitate and enhance the instructional process and acquisition
of knowledge. Additionally, users can see and hear each other as well as benefit from synchronous

features such as screen sharing.
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« Presentation tools enable teachers to develop interactive course presentations where they can add

text, pictures, tables, graphics, music, and video into slides to create more effective teaching.

« Video tools enable teachers to produce interactive videos for instruction and learning with features
thatinclude both video and still images, transitions between elements, and other editing options that

help create almost professional standard audiovisual materials.

« Animation platforms enable teachers to create compelling animations to support student learning.
These platforms offer templates, drag-drop functionality, and interactive elements as well as the use

of multimedia content.

« Infographics, concept maps, and poster tools can be utilized to create visual materials that combine
text, charts, and images or icons to promote concept organization, knowledge summarization, and for

the visualization of ideas.

« Assessment platforms can be used to create course assessment material and to implement digital ex-
ams or quizzes, enabling teachers to create online tests with varied question types, automated feed-

back and grading functions, and also performance monitoring.

Other emerging tools worthy of note are coding tools, and the use of virtual reality (VR) and augmented
reality (AR) applications which can further help teachers to create a more meaningful and effective teaching

and learning experience.

2.2. Teacher Education in Turkey

In Turkey, preservice teachers are required to complete various undergraduate courses based on field knowl-
edge, professional teaching knowledge, general knowledge, as well as various elective courses (Yiiksekogre-
tim Kurulu [Turkish Higher Education Council], 2018). Each area includes courses that help these future
educators to develop skills in their chosen subject area (e.g., mathematics education, preschool education).
One of the professional teaching knowledge courses is on instructional technology, which includes topics
such as the conceptual background of instructional technology, instructional materials design, message
design principles, instructional technology contemporary tools and approaches, and digital teaching tools.
Overall, the course helps preservice teachers to gain both the required academic knowledge and practical

expertise in applying various instructional technologies in their teaching practices.

Turkey’s Ministry of National Education (2017) has also created Competencies for the Teaching Profes-
sion which comprise three main areas: professional knowledge and skills, attitudes, and values. According
to the professional skill competency area, teachers should be able to utilize technology and materials within
their teaching practices (Milli Egitim Bakanligi [Turkish Ministry of National Education], 2017). The aforemen-
tioned instructional technology course is therefore integral to equipping preservice teachers with the nec-
essary knowledge and skills related to technology integration. Historically, the Turkish Ministry of National
Education has conducted a number of technology integration initiatives, with the Movement of Enhancing
Opportunities and Improving Technology project (known by its Turkish acronym, FATIH) having been in
play since 2010 (Milli Egitim Bakanligi [Turkish Ministry of National Education], 2010). The project provides

both hardware and software infrastructure to classrooms nationwide, as well as focusing on the creation
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of instructional e-content, integrating information and communication technologies (ICTs) into curricula,
the organization of inservice teacher training, and encouraging safe Internet usage by both teachers and stu-
dents. The FATIH project aims that preservice teachers be prepared to effectively utilize ICTs in education so
that they can maximize the benefits for students prior to starting their professional teaching careers.

2.3. Hypothesized Model Development

Regarding technology use in learning environments, supplying ICT tools alone to schools holds no guar-
antee that teachers and students will benefit from the latest technology-enhanced teaching strategies as
opposed to conventional instructional methods. Various factors are known to affect teachers’ adoption
and use of technology in their teaching practices (Ursavas et al., 2019). According to a longitudinal study
conducted by Pozo et al. (2024), teachers have generally used digital tools more following the pandemic
than they did previously, inferring that teachers accept and adopt such tools after long-term usage (in
this case, from emergency online teaching during the pandemic). In an earlier study, Li et al. (2016) ex-
plored preservice teachers’ acceptance of technology through two models, the TPB and TAM, and indicat-
ed that self-efficacy, attitude, and perceived ease of use were significant predictors. Research by Mei et al.
(2018) identified factors affecting preservice teachers’ adoption of Web 2.0 tools for foreign language
teaching, in which perceived usefulness, facilitating conditions, and technological pedagogical content
knowledge influenced intention. Similar research includes a study by Lee et al. (2022), who explored for-
eign language teachers’ adoption of online teaching by combining the TAM and TTF models; Wong et al.
(2013) who used the UTAUT model to explore predictors of whiteboard usage by preservice teachers; and
Tang et al. (2021) who integrated the TPB, TAM, and UTAUT models plus individual factors connected to
a mobile technology-enhanced teaching platform used by university instructors. As teachers’ technolo-
gy adoption and utilization is a multifaceted behavior (Ursavas et al., 2019), it is considered well worth
examining this behavior using more than one acceptance model. As such, understanding the predictors
of this behavior in terms of preservice teachers may help to better guide the design of teacher education
programs to ensure newly qualified teachers can effectively use educational technology in the classroom
(Anderson et al., 2011).

The literature on information systems, particularly in terms of the TAM, TPB, and TTF models, has most-
ly scrutinized users’ intention to utilize certain technologies based on emphasis of their acceptance or adop-
tion of those technologies. The TAM, which is an adaption of the Theory of Reasoned Action (TRA), focuses
on predicting and explaining users’ behaviors toward technology (Davis et al., 1989) through the elements
of perceived usefulness (PU) and perceived ease of use (PEU), attitude (AT), and behavioral intention (BI)
(Davis et al., 1989). The TPB, which is an extension of TRA (Ajzen, 1985), is a significant and popular theory
employed to explain different types of human behavior (Ajzen, 2001). According to the TPB, any human be-
havior can be identified according to three constructs: attitude (AT), perceived behavioral control (PBC), and
subjective norms (SN) (Ajzen, 1985). The TTF model predicts an information system’s success by considering
the task-technology fit; i.e., it is the characteristics of tasks and technology that impact the fit between tasks
and technology (Goodhue & Thompson, 1995). Within the scope of the current study, the TAM, TPB, and TTF
models are proposed as a theoretical framework to effectively assess the behavioral intention of preservice

teachers to utilize digital learning tools in their instructional activities.
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The TAM, which has gained significant acceptance in the area of instructional technology, was initially
introduced by Davis in 1986. The model consists of four variables (PU, PEU, AT, and BI), with relationships
between each of these variables: PU and AT predict Bl; PEU and PU predict AT; and PEU predicts PU (Da-
vis, 1986). PU is the level to which an individual believes that the adoption of a given system will increase
their job efficiency, whereas PEU is how easy they consider the technology would be to use in practice
(Davis, 1989).

In the context of digital learning tools’ adoption, Teo (2012) combined the TAM and TPB models for
surveying preservice teachers to determine how they planned to utilize technology in their teaching. The
study revealed that TAM variables and SN were associated with behavioral intention. Furthermore, it was
concluded that favorable attitudes and perceptions regarding the usefulness of technology was a driver for
preservice teachers to utilize technology. In a more recent study, Almulla (2022) researched how university
instructors intended to utilize digital learning tools during the COVID-19 pandemic via an extended TAM,
the results of which confirmed the main propositions of the TAM. Concerning the current study, preservice
teachers’ attitudes regarding the potential benefits of incorporating digital technologies into their teaching
may impact upon their inclination to utilize these resources in their future teaching practices. Utilizing dig-
ital learning tools for different instructional purposes can consequently influence their teaching behaviors
and shape perceptions regarding the usefulness of digital learning tools and, as a result, they may be more
likely to adopt and utilize digital tools in their future teaching careers. Previous literature has shown sig-
nificant linkage between PU and BI for technology-rich learning environment acceptance (Parkman et al.,
2018) and for teaching intention of Web 2.0 tools (Simsek & Ates, 2022). The usefulness of digital tools that
preservice teachers perceive may affect their feelings toward these tools, a relationship that was validated
by prior research on teachers’ intention to teach online (Bajaj et al., 2021) and technology acceptance of

preservice mathematics teachers (Gurer, 2021).

Moreover, preservice teachers’ thoughts with regards to the utilization of digital tools in their future
teaching will likely influence their attitudes towards and usefulness of digital tools. In other words, the
difficulty or ease of using certain digital learning tools, as experienced directly by preservice teachers, may
affect their feelings towards those digital tools and their belief in their usefulness. These PEU-PU and PEU-
AT relationships were validated in research by Eksail and Afari (2020), Georgiou et al. (2023), and Islamoglu
et al. (2021). Accordingly, the following research hypotheses were formed for the current study based on

the existing published literature:

H1: Perceived usefulness of digital learning tools influences preservice teachers’ intention to use these
tools for instruction.

H2: Perceived ease of use of digital learning tools influences preservice teachers’ attitudes toward

utilizing these tools for instruction.

H3: Perceived usefulness of digital learning tools influences preservice teachers’ attitudes toward uti-

lizing these tools for instruction.

H4: Perceived ease of use of digital learning tools influences preservice teachers’ perceived usefulness
of these tools for instruction.
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The TPB can be used in order to explain factors affecting a set of human behaviors. Accordingly, the be-
havioral intention of certain actions is influenced by AT, SN, and PBC (Ajzen, 1985), since AT is an underlying
inclination to respond positively or negatively to a psychological construct (Fishbein & Ajzen, 2010) and SN
describes the perceived societal pressure to engage in an action or not to (Ajzen, 1991). As such, these con-

structs are considered to positively and directly affect the intention of the behavior.

Previous studies have incorporated the TPB and validated proposed relationships among its constructs
in several research areas. As an example, Habibi et al. (2023) studied preservice teachers’ technology integra-
tion by combining the TPB with technological pedagogical and content knowledge, revealing that all con-
structs were significantly influential to behavioral intention. Teo and Tan (2012) studied the reasons behind
student instructors’ embrace of technology and utilized the TPB to discover significant correlations among
the constructs. In subsequent research, Teo et al. (2016) analyzed teachers’ intention to employ technolo-
gy by extending the TPB. The variables considered were PU, PEU, management expectations, and technical

support, and it was revealed that whilst AT and PBC increased technology integration intention, SN did not.

The current study posits that preservice teachers’ positive or negative attitudes toward digital tools can
influence their behavioral intentions. Consequently, it is presumed that preservice teachers intend to utilize
digital learning tools in their future teaching practices when they possess favorable attitudes toward these

tools; a relationship previously validated in the literature (Miiller & Leyer, 2023; Teo, 2012).

Understanding the views of preservice teachers’ social circuits might also influence their behavio-
ral intention. In essence, the opinions of significant others such as peers, instructors, and administrators
may dominate preservice teachers’ intention to utilize digital tools for instructional purposes. Research by
Songkram and Osuwan (2022) on teachers’ intentions of using use digital learning materials corroborat-
ed the SN-BI connection, as well as in a study on teachers’ intention to benefit from mobile applications
for science teaching by Ates and Garzon (2022). Moreover, preservice teachers’ perceived control beliefs
impact their behavioral intention, which can be explained as the behavior of using digital tools for teach-
ing is affected by their abilities and the environmental resources available when using digital tools in their
teaching. Several studies have already proven this relationship, including Hou et al. (2022) and Watson and
Rockinson-Szapkiw (2021). Accordingly, the current study formulated the following hypotheses based on

the existing literature:

H5: Attitudes toward utilizing digital learning tools influence preservice teachers’ intention to use these

tools for instruction.

H6: Subjective norms to utilize digital learning tools influence preservice teachers’ intention to use
these tools for instruction.

H7: Perceived behavioral control over utilizing digital learning tools influences preservice teachers’ in-

tention to use these tools for instruction.

The TTF model primarily emphasizes how information technology fits the specific demands of vari-
ous tasks (Goodhue & Thompson, 1995). The predictors of perceived performance are utilization and task
technology fit, which are functions of task characteristics and technology characteristics (Goodhue &

Thompson, 1995). This model is theorized as information technology is used where the features of a certain
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information technology are considered a match with the users’ tasks (Lo Presti et al., 2021). The task-tech-
nology fit variable, which is defined as “the degree to which a technology assists an individual in performing
his or her portfolio of tasks” (Goodhue & Thompson, 1995, p. 216), was therefore selected for use in the
current study. In terms of the current research, the TTF relates to the fit between the instructional tasks that
preservice teachers desire to carry out and the characteristics of the appropriate digital technologies. Thus,
it can be stated that TTF perception affects the adoption of digital learning tools. If preservice teachers have
a higher TTF perception, they perceive the tools as easy to use and therefore useful for their teaching, which
corroborates empirical research by Pal and Patra (2021) and also Wu and Chen (2017). Therefore, the TTF
variable was utilized in the current study to analyze the TAM constructs’ connections, with the following
three hypotheses:

H8: Task-technology fit of digital learning tools influences preservice teachers’ perceived usefulness of

these tools for instruction.

H9: Task-technology fit of digital learning tools influences preservice teachers’ perceived ease of using
these tools.

H10: Task-technology fit of digital learning tools influences preservice teachers’ intention to use these

tools for instruction.

The relationships and the 10 hypotheses formulated in the current study are illustrated in Figure 1.

FIGURE 1. Hypothesized model
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3. MATERIAL AND METHOD

The study implemented a cross-sectional research design to test the devised hypothetical model. A
self-report survey based on the TAM, TPB, and TTF models was administered with the aim of reaching the

study’s goal.

3.1. Participants

The sample was selected using the convenience sampling method from a university located in the Aegean
region of Turkey. The study group comprised 215 preservice teachers who received an instructional tech-
nology course from the university’s faculty of education as part of their undergraduate teacher training

program.

Power analysis was performed using G*Power software (Faul et al., 2009) to check the minimum ap-
propriate sample size, with an effect size of .15, error type of .05, and a power setting of .80. The minimum
sample size for the study was revealed to be 92, demonstrating that the 215-participant sample was satis-
factory. Prior to the survey being administered, the study’s objective was explained to the participants and
they were directed to read the study’s consent form and give their consent if they wished to join the study.
The participants were also informed of their right to withdraw from the study at any point. The data col-
lection process produced a total of 210 valid cases that were subjected to data analysis, with 81% (n = 170)
of the participant preservice teachers identifying as female and 19% (n = 40) as male. The participant pre-
service teachers were distributed across six teaching departments, with 57 (27.1%) enrolled to the English
Language Education department, 56 (26.7%) to Preschool Education, 30 (14.3%) to Guidance and Psycho-
logical Counseling, 24 (11.4%) to Science Education, 22 (10.5%) to Elementary Mathematics Education, and
21 (10.0%) to the Turkish Language Education department. The participants averaged 20.8 years old with
a 2.68 standard deviation.

3.2. Data Collection Procedure

The self-report survey included questions to collect personal information on the participants’ demograph-
ics plus questions regarding theoretical constructs. Previous questionnaires from the existing literature re-
garding the TAM, TPB, and TTF models were first analyzed prior to creating an initial pool of survey items.
Then, those items that were considered to be well suited to each construct based on the study’s purpose
were selected and a 7-point, Likert-type scale established to evaluate the PU, PEU, SN, and TTF constructs
with three items, while the ATT, PBC, and BI constructs were assessed with four items. The researchers
then adjusted the items according to the study’s setting, with adapted items for PU (“Using digital tools
improves my teaching performance”) and PEU (“Learning to use digital tools is easy”) from a study by Wu
and Yu (2022), for ATT (“Using digital tools would be: (unpleasant / pleasant)”) from Taylor and Todd’s
(1995) research, for SN (“People who influence my behavior think that | should use digital tools”) from Teo,
Zhou, et al’s (2019) study, for PBC (“I have the knowledge necessary to use digital tools in teaching”) from
Teo, Zhou, et al. (2019), for TTF (“In my opinion digital tools’ functions are enough to help me complete
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my work for teaching”) from Lu and Yang (2014), and for BI (“l intend to use digital tools for teaching as often
as needed”) from the study published by Baber (2021). Two researchers then independently translated each
item from English to Turkish, then two specialists fluent in both languages reviewed the materials and made
recommendations. Following revision of the items, a Google Forms survey was created and administered
to the participant preservice teachers at the end of the teaching semester, since at that point they would be

most likely to possess a working knowledge of digital teaching tools and other course-related topics.

3.3. Data Analysis

Partial least square structural equation modeling (PLS-SEM) approach was utilized to scrutinize the study’s
10 formulated hypotheses. The PLS-SEM approach was selected since the current study aimed at prediction
rather than theory testing or confirmation and that the proposed model was an extension of the TAM, TPB,
and TTF models created to explore key drivers of the dependent construct (Hair et al., 2011) SEM is equiva-
lent to carrying out covariance-based SEM (CB-SEM).

Initially, the collected data were analyzed so as to identify any missing data or outliers. The analytical
process was undertaken in two closely related stages, with the measurement and then the structural mod-
els. First, the model’s reliability and validity issues were calculated, and where satisfactory, the second stage
tested the hypothetical relationships using SmartPLS 3.3.5 software.

4. RESULTS

4.1. Measurement Model

A reliability and validity examination was performed in order to evaluate the appropriateness of the meas-

urement model, the results of which are presented in Table 1 (in next page).

Regarding the model’s reliability, item reliability was assessed based on their factor loadings, which
should be higher than .70 according to Hair et al. (2019). The results revealed that all of the items had factor
loadings that ranged between .816 and .955. Additionally, composite reliability (CR) and Cronbach’s alpha
values were utilized to fulfill the requirements for internal consistency reliability. Both the CR (Hair et al.,
2019) and alpha values (Nunnally and Bernstein, 1994) were found to be higher than the minimum accept-
able value of .70. Convergent and discriminant validity was then assessed to check whether the proposed
model was considered valid. Convergent validity requires that AVE values exceed .50 (Hair et al., 2019). In
the current study, the AVE values ranged from .728 to .877, confirming that convergent validity was ensured.
Table 2 presents the results of discriminant validity tests.

Discriminant validity values were found to be satisfactory based on the criteria that AVE value square
roots should be greater than the related construct correlations (Fornell & Larcker, 1981). Overall, the
measurement model demonstrated satisfactory levels of reliability and validity to conduct the structural

model analysis.
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TABLE 1. Measurement model results

Construct Item Factor loading Composite reliability Cronbach alpha Average variance extracted
) PUl 928
z:;:z:‘r"::s - PU2 955 955 930 877
PU3 926
. PEU1 .895
:’:;Ej“’ed easeofuse pryg 816 897 829 744
PEU3 .876
ATT1 .902
Attitude (ATT) ATT2 926 958 942 850
ATT3 .940
ATT4 .920
PBC1 918
Perceived behavioral PBC2 935
control(FBC) oBC3 o1l .961 945 .859
PBC4 .943
SN1 .869
Subjective norms (SN) SN2 .893 .904 .841 .758
SN3 .850
TTF1 .825
Task technology fit (TTF)  TTF2 .895 .889 .812 .728
TTF3 .837
Bl1 .892
Behavioral intention (BI) o2 2o 947 925 817
BI3 937
Bl4 .884
TABLE 2. Discriminant validity results
ATT Bl PBC PEU PU SN TTF
ATT 922
Bl 441 .904
PBC .380 459 927
PEU 207 379 .637 .863
PU 408 .609 378 .364 937
SN 337 .536 AT72 415 577 871
TTF 409 .632 .515 391 514 488 .853
(diagonal values = square root of AVE; off-diagonal values = correlations of paired constructs)
4.2. Structural Model

Associations between the proposed model’s components were tested by way of structural model analysis.

First, the collinearity issue was measured according to Variance Inflation Factor (VIF) values among the mod-

el’s constructs. The measured VIF values were found to be lower than the threshold value of 5, indicating that

no multicollinearity problem was detectable. The bootstrapping resampling technique was then employed
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with 5,000 subsamples in order to determine whether or not the path values of the links and the t values
for each hypothesis were significant. The model’s prediction accuracy was then confirmed by R2. The out-
comes of testing the study’s 10 hypotheses are both illustrated in Figure 2 and also reported in Table 3.

TABLE 3. Results of hypotheses testing

Hypothesis Path VIF B t p Supported?
H1 PU > BI 1.748 .285 3.415 .001 Yes
H2 PEU > ATT 1.153 .067 1.019 .308 No
H3 PU > ATT 1.153 .383 6.176 .000 Yes
H4 PEU > PU 1.180 .193 2.619 .009 Yes
H5 ATT > BI 1.329 115 1.869 .062 No
H6 SN > Bl 1.735 135 2.168 .030 Yes
H7 PBC > BI 1.538 .071 1.006 315 No
H8 TTF > PU 1.180 439 6.457 .000 Yes
H9 TTF > PEU 1.000 391 6.811 .000 Yes
H10 TTF > BI 1.711 .336 4.598 .000 Yes

The results indicated that seven of the 10 hypotheses were accepted based on the structural model
analysis.

For hypotheses of the TAM model, the perceived usefulness (PU) construct was shown to influence
behavioral intention (BI) to use digital learning tools (3 =.285, p <.001) and attitude (ATT) towards digital
tools ( =.383, p <.001), whilst the perceived ease of use (PEU) construct predicted perceived usefulness
(PU) of digital tools (3 =.193, p <.01). In contrast, perceived ease of use (PEU) did not significantly affect
attitude (ATT) towards digital tools (B =.067, p>.05). Thus, hypotheses H1, H3, and H4 were accepted,
while H2 was not supported.

For the TPB model’s hypotheses, subjective norms (SN) significantly predicted behavioral intention
(BI) to use digital learning tools (3 =.135, p <.05), whereas attitude (ATT, B =.115, p >.05) and perceived
behavioral control (PBC, 3 =.071, p >.05) exhibited no substantial influence on behavioral intention (BI).
Therefore, hypothesis H6 was supported, while both H5 and H7 were rejected.

For the TTF model, a significant effect was revealed on perceived usefulness (PU, 3 =.439, p <.001),
perceived ease of use (PEU, B =.391, p <.001), and behavioral intention (BI, B =.336, p <.001). Thus, hy-
potheses H8, H9, and H10 were all accepted.

The overall variance for the intention to use digital learning tools was 52%, suggesting that the pro-
posed model was moderate in predicting the dependent variable (Chin, 1998).
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FIGURE 2. Structural model
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5. DISCUSSION

The study’s results showed that the hypotheses for the TAM and TPB models were partially confirmed,
whilst relationships regarding TTF were fully supported in the proposed model. It can therefore be said that

the research model had good explanatory power to understand preservice teachers’ acceptance behaviors.

The study proved that the usefulness perception of digital tools significantly predicted preservice teach-
ers’ behavioral intentions to use digital tools in their future teaching practices. This result is consistent with
research by Simsek and Ates (2022) and Teo, Sang, et al. (2019) on the acceptability of Web 2.0 tools for use
in the classroom. This finding points to preservice teachers viewing digital tools as beneficial in classroom
instruction and that their use helps to improve their teaching performance through their having received
both theoretical and practical knowledge of digital tools and other related issues. It is suggested that this
belief is what drives preservice teachers to utilize digital instruments in their future classroom instruction.
As a result, it can be stated that perceived usefulness influences the willingness to use these digital tools.
Additionally, perceived usefulness was shown to significantly influence attitude, a finding also supported
by previous studies in the literature (Eksail & Afari, 2020; Georgiou et al., 2023; Gurer, 2021). Considering this
relationship, the perceived benefits that digital tools offer may shape preservice teachers’ feelings towards

the use of such tools. Consistent with prior research on this, the current study found that the preservice
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teachers’ impressions regarding the easiness of using digital tools had a significant impact on their percep-
tions regarding the tools’ usefulness (Almulla, 2022; Taylor et al., 2021). On the other hand, the perceived
ease of using these digital tools did not influence their attitude. Although this result was contrary to that of
previous studies by Almulla (2022) and Davis (1989), other research by Luik and Taimalu (2021) and Teo et al.
(2018) supported it.

In the current study, the participant preservice teachers were experienced in the use of these digital
tools; for example, how to log in, the functions of various menu elements, and how to develop instructional
material. Thus, it can said that the preservice teachers’ comfort level in the use of the digital tools may relate
to their perception of their usefulness. On the other hand, if the preservice teachers perceived the digital
tools to be easy or difficult to use, their feelings about these tools (i.e., their attitude) would not increase
or decrease. Instead, the preservice teachers may have considered that digital tools that were easy to use
might be seen as useful technology to utilize in their future teaching. To conclude, the assumptions regard-

ing the TAM were partially supported in the current research context.

According to the proposed model, subjective norms were found to be a significant indicator of behav-
ioral intention among the TPB variables, whilst the constructs of attitude and perceived behavioral control
were not. Concerning the context of the current study, the participant preservice teachers each have their
own social network, consisting primarily of their peers and instructors, and these networks may effectively
explain the preservice teachers’ plans to utilize digital tools for instructional purposes. Previous research
has shown this to be the case; for example, Kreijns et al. (2013) discovered that teachers’ subjective norms
affected their intention to use digital learning materials, whilst Songkram and Osuwan (2022) found that
teachers’ behavioral intention to use digital learning platforms was positively correlated with their subjec-
tive norms during the COVID-19 pandemic. On the other hand, preservice teachers’ control perceptions over
digital learning tools were not found to influence their behavioral intentions in the current study. In terms
of the prior literature, this finding supports the results reported by Teo and Lee (2010) and also Teo and van
Schaik (2012), but contradictory to those of Habibi et al. (2023) and Hou et al. (2022). As Ajzen (1991) put
forward, perceived behavioral control (PBC) has an association with the ease or difficulty of carrying out
a particular behavior. It can be deduced from the results of the current study that the preservice teachers’
confidence in their use of digital tools and the resources to promote those tools did not have a predictive
effect on forming their intention to use them in their future teaching. This finding may be attributable to the
limited opportunities that the preservice teachers were provided to engage with digital tools within authen-
tic teaching and learning environments. Without having gained those experiences, it is possible that their
intentions to use these tools may not have been influenced by their perceived behavioral control (Hou et al.,
2022). Similarly, their attitudes toward digital learning tools did not show any influence on their behavioral
intention. The literature contains mixed views regarding this finding; for example, some studies align with
this view (e.g., Khong et al., 2022; Teo et al., 2011), while others were contradictory (e.g., Baturay et al., 2017,
Miiller & Leyer, 2023; Songkram & Osuwan, 2022). This suggests that preservice teachers’ attitudes toward
these tools, whether favorable or unfavorable, does not influence their decision to employ them within
their future teaching practices. The following explanations are proposed regarding the non-significant in-
fluence of attitude. In the current study, preservice teachers learned theoretical and practical knowledge

about digital learning tools. However, whilst they were familiar with the tools, they lacked actual experience

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Erhan Unal & Ahmet Murat Uzun

integrating these digital tools into real-life classes. Furthermore, the preservice teachers’ attitudes may not
have been able to form that quickly since their course only covered one semester of the curriculum. Davis
et al. (1989) indicated the limited prediction of attitude in behavioral intention; therefore, the preservice
teachers’ perceptions of control and their positive or negative feelings regarding these tools may be shaped
after having the opportunity to practice using the tools within authentic contexts, and the relationships

between attitude and behavioral intention may then be more likely to manifest.

The current study showed TTF to be a significant factor affecting the constructs of behavioral intention,
perceived usefulness, and ease of use. The significant links observed, as in TTF-PU and TTF-PEU, have also
been confirmed in previous studies (Pal & Patra, 2021; Wu & Chen, 2017). Additionally, the significant link
between TTF and Bl was also supported by prior research by Kim and Song (2022). If preservice teachers
evaluate the appropriate match between task and technology, they tend to utilize digital learning tools in
their future teaching practices. Moreover, when preservice teachers perceive that the fit between task and
technology is high, they will more likely consider that using the digital tools in question will contribute to
their teaching performance and often regard them as requiring minimal effort. In the current study, the
characteristics of various digital tools, such as the interface, menu, and the type of material that they can
be used to design, were taught to the preservice teachers as part of their teacher training course on instruc-
tional technology. Thus, task-technology fit perceptions were shaped; hence, according to this belief, they
may consider these tools useful and easy to use and thereby have a desire to continue using them in their

future teaching practices.

The following implications are presented based on the results of the current study. The characteris-
tics of digital tools are essential to preservice teachers being able to design and construct learning mate-
rials. Thus, teacher training program instructors who aim to equip preservice teachers with subject-matter
knowledge and professional teaching knowledge should examine the specific features of any digital tools
they propose to include in their lectures and practical teaching. In addition, when digital tools are perceived
as being easy to use, preservice teachers will have a tendency to evaluate them as useful for their future
teaching practices. As such, instructors should select digital tools based on ease of use criteria and also their
tasks and technology fit. Another implication relates to the link between perceived usefulness and behavio-
ral intention. It is considered essential to teach preservice teachers about the various types of instructional
tools available, how to integrate them into teaching and learning, and the benefits of such practices, which
can affect their overall perceptions of the usefulness of these tools. Additionally, the social circuit of preser-
vice teachers should be considered as a means to encouraging them to utilize and integrate digital tools into

their future teaching practices.

6. CONCLUSIONS

The proposed model provided valid and reliable results regarding preservice teachers’ intention to benefit
from the use of digital tools in their future teaching practices. Task-technology fit was shown to be the best
indicator of intention to employ digital tools to facilitate instruction. Attitude and perceived behavioral con-
trol were not found to be predictive of behavioral intention, but subjective norms and perceived usefulness
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were. As a result, the model can be said to have a moderate strength in explaining prospective teachers’
intentions to employ digital tools for classroom learning. The current study contributes to the existing body
of knowledge by introducing an integrated approach that combines the TAM, TPB, and TTF models.

6.1. Limitations

The current study presents certain limitations.

First, it may be possible that if the preservice teachers had used digital tools as part of their authentic
teaching practice, such as use of the tools, designing materials, and integrating them within courses,
their perceptions of control and attitudes could have influenced their behavioral intention. Therefore,
future studies could focus on accepting digital tools after long-term usage through longitudinal studies
or experimental designs.

Second, the current study opted to include the TAM, TPB, and TTF models, where alternatives such as
motivation factors and expectation-confirmation theory could be considered in order to explore differ-

ent factors that may affect preservice teachers’ digital tools’ acceptance.

Third, future studies of this nature could be conducted with both inservice and preservice teachers, en-
abling comparisons to be drawn between the two groups.

Fourth, the study employed a cross-sectional research method; however, in order to achieve a deeper
understanding of the factors affecting preservice teachers’ intention to use digital tools, qualitative re-
search methods or mixed methods could be implemented in future studies. Moreover, the participant
pool was primarily composed of female students. Future research should aim to replicate the study with
a more evenly distributed gender representation.

Fifth, a self-report data collection tool was used which had a limitation concerning social desirability.
Thus, to enable participants’ actual behaviors and perceptions to be better understood, several tools
such as observation forms and lesson plans could be included to examine the factors in play.

Sixth, the current study’s sample consisted of preservice teachers from one university located in the Ae-
gean Region of Turkey, which may limit the generalizability of the findings. Future studies could employ
alternative sampling techniques with larger samples in Turkey or also in other countries for the purposes
of cross-cultural comparison. Finally the collected data were analyzed according to the PLS-SEM meth-
od, which was aimed at prediction of the dependent construct. However, this method could be said to
present certain limitations such as lacking any measure of goodness of model fit and working with small
sample sizes compared to covariance-based SEM (Hair et al., 2011). As such, it may be advisable to con-

duct future research that analyzes data according to covariance-based SEM.
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ABSTRACT

Technological changes have profoundly transformed all areas of human life, including education (Sanchez-Caballé et al.,
2020). This article focuses on the analysis of a Maker Teacher Training to implement Maker Education in primary school
classrooms. The objectives are to identify the key aspects worked on in this training and to evaluate the strengths and
weaknesses from the teachers’ perspective. The methodology is qualitative, adopting an interpretive approach to un-
derstand the events of the research from the experience in two schools in the province of Tarragona. The data collection
instruments are an observation rubric and semi-structured interviews. The results were analysed with the software ATLAS.
ti and several aspects of the training were analysed in depth. The results show that the training covered different aspects
such as the design, implementation, and evaluation of activities, although certain elements were little addressed. Teach-
ers valued the personalisation of the training, the support they received, and the practical usefulness of the strategies
acquired, highlighting a positive impact on pupils’ interest and autonomy. Finally, it was emphasised that the training was
comprehensive and positively considered, although there were some areas for improvement, such as inclusivity and the
use of technological tools. The study reaffirms the need to provide maker training for teachers, promoting an interdisci-
plinary approach.

KEYWORDS Maker Education, Teacher training, Primary Education
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RESUMEN

Los cambios tecnoldgicos han transformado profundamente todas las areas de la vida humana, incluida la educacién
(Sanchez-Caballé et al., 2020). Este articulo se centra en el analisis de una formacion docente en educaciéon Maker para
implementar esta metodologia en aulas de educacién primaria. Los objetivos son identificar los aspectos clave trabajados
en dicha formacidny evaluar las fortalezas y debilidades desde la perspectiva de los docentes. La metodologia es cualita-
tiva, adoptando un enfoque interpretativo para comprender los eventos de la investigacion a partir de la experiencia en
dos escuelas de la provincia de Tarragona. Los instrumentos de recopilacion de datos son una ribrica de observaciony
entrevistas semiestructuradas. Los resultados se analizaron con el software ATLAS.ti y se profundizd en varios aspectos
de la formacidn. Estos muestran que la formacion abarcé diferentes aspectos como el disefio, la implementacion y la eva-
luacion de actividades, aunque ciertos elementos fueron poco abordados. Los docentes valoraron la personalizacion de
la formaciodn, el apoyo recibido y la utilidad practica de las estrategias adquiridas, destacando un impacto positivo en el
interés y la autonomia de los alumnos. Finalmente, se enfatizé en que la formacion fue integral y positivamente valorada,
aunque se identificaron areas de mejora, como la inclusividad y el uso de herramientas tecnoldgicas. El estudio reafirma
la necesidad de ofrecer formacion en educacién Maker para los docentes, promoviendo un enfoque interdisciplinario.

PALABRAS CLAVE Educacién Maker, formacién docente, educacién primaria

1. INTRODUCTION

In recent years, society has undergone social and economic changes, making it crucial to train young people
to cope with this new reality. Digital technologies (DT) have transformed all areas of human life (Sanchez-Ca-
ballé et al., 2020), requiring continuous reflection on the effectiveness of strategies to develop digital com-
petenciesin an evolving information society (Morales et al., 2020; Tomczyk et al., 2023). Digitalisation, which

has accelerated in the 21st century, requires citizens to adopt new strategies to face new challenges.

Over the recent years, educational research has significantly influenced teaching practices and perspec-
tives on the learning process (Bautista-Vallejo y Hernandez-Carrera, 2020). At the same time, it has evidenced
the challenges faced by teacher training institutions in integrating technology into education (Santos et al.,
2023). These challenges are especially pronounced when considering the gender digital divide, which has a
profound impact, ultimately influencing future decisions regarding access and use of Information and Com-
munication Technology ICT (Morante et al., 2020). Moreover, it is essential to rethink educational models in
order to equip students with creative skills, problem-solving abilities, and technical-scientific competencies
(Ruiz-Ortiz, 2023).

In this context of change, maker education has emerged as an innovative response that seeks to harness
resources and solve everyday problems (Dominguez-Gonzélez et al., 2018; Spieler et al., 2022). Indeed, cre-
ation, experimentation, and the art of making have existed ever since people have needed to develop tools
and materials to face new challenges (Martin et al., 2020). In this sense, the teaching-learning process in mak-
er education is based on the creation and modification of artefacts, whose final product aims at responding
to a specific problem related to the environment of the educational community in which the project is devel-
oped (Blikstein, 2014). Specifically, in recent decades, many primary school teachers have shown interest in
integrating maker culture into STEAM (Science, Technology, Engineering, Arts and Mathematics) in order to
motivate pupils to actively participate in the teaching-learning process (Weng et al., 2022).
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Parallel to this reality, makerspaces have been built in schools and public spaces (Rodriguez-Calderdn
y Belmonte-Izquierdo, 2021), where design and digital fabrication processes can be put into practice with
digital tools such as 3D printers, laser cutters or cutting plotters. In fact, they are becoming an increasingly
significant focus in education (Nikou, 2024). Fundamentally, it is a space where pupils use materials and re-
sources to explore and experiment (Lock et al., 2020) and where they can develop several skills (Dominguez-
Gonzalez et al., 2018). In fact, Quintana-Ordorika et al. (2024) argue that integrating technology into the
design and creation of artifacts is key to improving the learning experience. Countries such as the United
States, the United Kingdom and Japan have already undertaken these initiatives, according to Bevan (2017).
Indeed, in the Spanish context, the autonomous community of Catalonia is also working to introduce a
maker culture through the FAIG project (Silva et al., 2024) and the integration of maker spaces in schools

and high schools.

But, how is maker education defined? Specifically, it is defined as the combination of practice and de-
velopment of skills, humanities, arts and knowledge (Lin et al., 2021). Fleming (2015) also describes it as a
way of turning knowledge into action. Lundberg and Rasmussen (2018), above all, emphasize the impor-
tance of the learner creating an artefact in maker projects. However, among all the definitions, one of the
most complete is that of Veldhuis et al. (2021), who defines it as “project-based learning through activities
that focus on designing, building, modifying and/or reusing material objects with the aim of producing,
through traditional craft techniques or digital technologies, some kind of ‘product’ that can be used, inter-
acted with or demonstrated” (Veldhuis et al., 2021, p.1).

In particular, the current trend suggests that the concept of maker education is being introduced in a
practical way through STEAM (Lin et al., 2021; Weng et al., 2022), as they complement each other; while the
first can offer originality and the more creative part of design and creation, the second focuses on the trans-
versality between these areas. This connection is also because STEAM activities, like maker activities, are

related to solving everyday problems (Weng et al., 2022).

Maker education benefits pupils’ holistic development, particularly by fostering creativity (Jia et al.,
2021) and enabling the generation of new ideas (Alekh et al., 2018). In fact, it is effective when it promotes
exploration and creativity (Spieler et al., 2022) and positively influences pupils’ maker mindset, self-efficacy,
motivation and interest (Martinez-Moreno et al., 2021; Hwang, 2017). Learning by doing enhances meaning-
ful knowledge acquisition (Dominguez-Gonzalez et al., 2018) and engages unmotivated pupils through ex-
ploration and experimentation (Otero & Blikstein, 2016). New challenges foster ongoing knowledge growth
(Shively et al., 2021). Similarly, teamwork in maker education allows pupils to collaborate across different

levels and areas (Torralba, 2019), encouraging mutual support (Forbes et al., 2021).

Since its beginnings, maker education has focused on creating without fear of error (Torralba, 2019).
There is a need to communicate that it is positive to learn from mistakes without being afraid to try (Hughes
etal., 2021). It is interesting to integrate mistakes as an important part of the teaching-learning process
(Hughes etal., 2021), while promoting a safe environment where pupils are encouraged to take risks
(Hughes et al., 2021). Frustration is initially an obstacle but it must gradually be transformed into motivation
(Dominguez-Gonzélez et al., 2018). The acceptance of the process of failure in the school is essential for the

successful implementation of maker pedagogy. (Stevenson et al., 2019).
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Maker education not only enhances cognitive and motivational skills but also addresses pupils’ so-
cio-emotional development (Carrasco & Valls, 2023). Studies show its positive impact on pupils with spe-
cial educational needs. Lee et al. (2020) found in their cross-case qualitative approach that maker educa-
tion effectively supported pupils with disabilities and low academic achievement. Similarly, Martin et al.
(2020) demonstrated in their mixed methods study that autistic pupils successfully completed projects
and improved their communication skills through a maker program. Hughes et al. (2018) highlight that
maker education benefits learners with disabilities, learners with scattered attention and those with low

motivation, often surprising pupils who typically struggle with academic performance.

Maker education enhances pupils’ problem-solving skills by encouraging real-world solutions (Bev-
an, 2017; Forbes et al., 2021). Studies confirm significant improvements through maker interventions
(Forbes et al., 2021; Stevenson et al., 2019). Given the benefits that maker education brings to pupils,
teachers should promote this approach in the classroom. As these are approaches that present uncon-
ventional challenges to pupils (Torralba, 2019), teachers need guidance in designing, implementing, and
evaluating maker projects (Forbes et al., 2021). For instance, Rodriguez-Calderdn y Belmonte-lzquierdo
(2021) propose a strategy to support teachers in selecting learning objectives, developing science and
engineering activities, supporting planning and time management, and providing specific tools to de-

velop a maker mindset.

However, public schools do not currently have sufficient financial resources to equip themselves
with digital tools (Dominguez-Gonzalez et al., 2018). While the importance of teacher training is recog-
nized, there is a lack of research on both how to effectively prepare primary school teachers (Stevenson
et al., 2019) and what the key challenges and opportunities are (loannou & Gravel, 2025). However, a
clear consensus on its effectiveness in improving K-12 students’ learning outcomes is still lacking (Lu
& Zeng, 2025). To address this issue, this article explores in depth how teachers in two schools in the
province of Tarragona (Spain) are supported during the integration process of Maker Education into their
primary schools. Specifically, the training process is part of an educational project that aims, on the one
hand, to provide these schools with digital and technological tools related to Maker Education (3D print-
ers, laser cutters, vinyl cutters, among others) and, on the other hand, to provide pedagogical training
to the teachers on how to use all these tools to improve the teaching-learning process of the pupils. In
addition, the creation of a makerspace in each institution will be promoted to encourage these maker
practices in the educational centres of Catalonia.

Therefore, the main aim of this research is to study the implementation of training for primary school
teachers to introduce Maker Education in the classroom. To achieve this, the study focuses on two specific
objectives: first (SO1), to determine the key aspects addressed in teacher training forimplementing Maker
Education, and second (S02), to identify its strengths and weaknesses from the perspective of primary
school teachers. Based on these objectives, the research seeks to answer two central questions: What as-
pects are covered in the training of primary school teachers for the implementation of Maker Education?

What are the strengths and weaknesses of this training according to teachers’ perspectives?
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2. MATERIAL AND METHOD

A qualitative methodology was adopted, with an interpretative approach, aimed at making sense of re-
search events and interpreting them from a participating teacher’s perspective, with a view towards deep-

ening in a particular case (Bisquerra, 2009).

The purpose of this design is to understand and identify in depth the aspects involved in the support
and training of teachers in two schools in the province of Tarragona, to understand what this training brings

to the teachers and the possible ways of improving it.

2.1. Instruments and procedures

In order to address the first specific objective (S0O1), observations were made during the training sessions.
A total of six sessions were held each month between January and July. The trainers support the whole
school staff in the pedagogical application of maker education in their school. Observations make it possi-
ble to capture how the training process is implemented in its real context, providing a detailed perspective
(Herrera, 2017). To collect this information, a rubric designed by Nadal et al. (2024) is used (Annex 2).

Specifically, this rubric was designed through an iterative process to evaluate the support provided
to teachers in implementing maker education in schools. The initial prototype was developed during the
TECLA project (2021-2022) and tested with teachers at one school in Barcelona. A Likert scale was used
for evaluation, with an additional comments section for qualitative insights. Based on observations and
feedback, the rubric underwent revisions, leading to a second prototype with 11 categories, incorporating
new sections. The rubric aims to provide a comprehensive tool for assessing teacher training effectiveness

in maker education, ensuring a structured and inclusive approach.

In concrete, it is focused on analysing the key aspects that ensure effective and enriching teaching for
teachers in the context of educational maker activities. It has a total of 11 items, each divided into 2 to 6
sub-items. Key elements such as the promotion of active pupils’ participation, the appropriate and safe
use of tools or the teacher’s ability to adapt resources to the needs and characteristics of the pupils are ad-
dressed. Attention is also paid to the management of time and pace of work, or the promotion of creativity
and autonomy of pupils, both at individual and group level. Finally, interdisciplinary approaches are also
included, such as optimising workspaces or effectively integrating pupils with special needs, prioritising

both, equity and diversity, in the classroom.

The rubric consists of 4 evaluation indicators, ranked from 1 (not at all) to 4 (very much), which allow
a detailed assessment of the teacher’s performance on each item. In particular, the frequency with which
each item is performed during the session is assessed. In addition, each indicator includes a comments
section, which allows additional observations to be added to complement the analysis and to go into
greater depth on the most relevant aspects of the process. Table 1 below provides a brief description of

the rubric items:
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TABLE 1. Summary of rubric items

1. Support in encouraging

student participation

Focuses on maintaining engagement, fostering interaction, and promoting motivation
while shifting responsibility to pupils.

2. Use of technological tools

Emphasizes the easy introduction of technological tools, promoting curiosity and
confidence, and ensuring safety aspects when using machines and tools.

3. Design and session planning Stresses aligning resources with pupils abilities, age, and curriculum goals.

4. Time management and work pace  Ensures activities fit within time limits and match pupils’ levels.

5. Cognitive work

Planning tasks that pupils can connect to real-world experiences by proposing
practical applications.

6. Creativity

Encouraging the development of new ideas to enhance pupils’ work while promoting
originality.

7. Autonomy/Group work

Focuses on equitable task distribution and conflict resolution.

8. Project-Based Learning

Integrating multiple disciplines and including effective pupils’ assessment within this

framework.
9. Spaces Optimizing physical environments for maker activities, considering clean/dirty areas.
10. Students with special needs Ensures inclusion of pupils with special needs and satisfies socio-emotional needs.
11. Equity Fostering fairness and reducing gender inequalities.
TABLE 2. Summary of interview questions

Concept of maker education: Inquires about how teachers understand maker education, their

general vision, and how it can contribute to achieve learning competencies and objectives.

Interaction with pupils: Explores the advantages and disadvantages of applying maker approach in
Maker and STEAM puprs: £Xp & ges o1 appIng PP

the classroom, including how it helps promoting pupils interaction and engagement.

STEAM implementation: Focuses on how they apply STEAM in their classroom, and how they
integrate it with maker activities.

Project-Based Learning

Methodologies used: Determines what strategies are used in the classroom to implement project-
based learning.

Integrating maker education: Inquires how teachers integrate maker education into project-based
learning.

Pupils motivation: Analyses whether they have evidences of greater motivation, predisposition or
interest in learning when working on projects or using technology.

Educational maker
project

Knowledge of the project: Asks what teachers know about the project and what they expected from it.

Evaluation of support: Assesses the support provided to the schools involved in the project.

Suggestions for improvement: Seeks feedback on areas of improvement in the training process and
whether anything was lacking.
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On the other hand, to address the second specific objective (S02), semi-structured interviews were
conducted with 3 teachers from each school participating in the project. One of these participants was the
head teacher of the school. The interviews were conducted at the end of the school year, in July 2024, after
the training sessions had been completed, with the aim of obtaining an overall view of the training recei-
ved. Through these interviews, the aim was to analyse how to adapt these practices pedagogically, how
to develop the competences and motivation of pupils, or how to identify challenges and opportunities for
their effective application in real educational contexts. Annex 1 contains all the interviews conducted, which
complement and enrich the analysis presented. The semi-structured interviews were based on three main

axes, described in table 2 in previous page.

2.2. Participants

For this study, a non-probabilistic purposive sampling, typical of qualitative research, was used. The partici-
pants were, therefore, teachers belonging to schools where maker education was applied, and were already
equipped with the tools that the Catalan government offers to schools. The sample participating in this
study is a total of 8 primary school teachers from the Autonomous Community of Catalonia (Spain), specifi-

cally from two schools in the province of Tarragona.

The schools gave permission to access their classrooms in order to analyse the training process. The
training team also gave permission to access the support sessions, which greatly facilitated the data collec-
tion process. The selection of these two schools was strategic because, on the one hand, one of them has
been integrating technology into its educational practice for a long time and the teaching staff is already
trained in the integration of technological resources in the classroom. On the other hand, the other school
was chosen because it did not have as much experience in the use of technology in the classroom. This way,
a more global and representative view of the impact of maker education in the educational environment

can be obtained.

Both schools have two other elements in common. Firstly, they have a similar pupils’ profile. They are
complex schools where most of the pupils come from different developing countries. There are very few
local pupils. Although one is very central and the other one is on the outskirts of the same city, the neigh-
bourhoods are similar, and both have a very similar family profile. Another common element is their par-
ticipation in the same Maker Program, which integrates technology and pedagogical innovation into the
classroom. The aim of this program is to promote the use of ICT through new methodologies to improve the
teaching-learning process for pupils, especially in STEAM areas. The main participants in the Maker Program
are 150 public schools throughout Catalonia. The following section describes the characteristics of the pro-

gram in more detail.

2.3. Maker program

The program has a total duration of 4 academic years. Specifically, the sessions analysed correspond to one
year of training. It consists of 6 sessions with a duration of 2 hours each, hence totalling 12 hours all the way

through an academic year.
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FIGURE 1. Overview of the Training Contents

Firstly, these centres receive an equipment pack-
age and are required to set up a makerspace. The
space is equipped with advanced technology such as

Assessing 3 A o
Design of Implementation learning 3D printers, vinyl cutters, laser cutters or digital em-
activities of activities in through ) )
classroom activities broidery machines, among others. The program also
includes pedagogical training on how to integrate
these technological and digital tools to improve
3D printi Buildi . . .
Mol i st N the teaching-learning process of pupils. Hands-on
ti i lectroni . .
e e oo learning is encouraged, and teachers are supported
to integrate maker education into their classrooms.
To summarise what the training process and support
Vinyl T Programming consist of, the following figure (figure 1) shows some
: 5 interactive
cutting Surng activities of the content covered during training.
process process with code
This program follows the Framework for Evalu-
ating Making in STEM Education (Marshall & Harron,
Computerized d;?/glf)or Networks and 2018), which suggests five key sections for assess-
embroidery dig'tal communication . .
process cre‘f:ﬁon ing maker competence: Ownership/Empowerment,
Maker Habits, Production of an Artefact, Collabo-
ration, and STEM Tools. The relationship between
training content and the principle of this framework
is then established, highlighting how it promotes
meaningful and practical learning for teachers:
TABLE 3. Relationship between training content and framework
Dimension Relation with teacher training
Ownership/ Pedagogical support and practical learning promote teacher’s and pupil’s autonomy, allowing pupils to be the
Empower- protagonists of their own learning. The training also promotes the integration of maker-based learning for the
ment integral development of the teacher and, in the end, of the pupils.
The training process aim to strengthen teachers’ maker skills so that they can transfer these skills to their pupils.
The training encourages the acquisition of essential habits such as experimentation, iteration and critical thinking.
Maker habits It also creates a direct link between the activities teachers design and pupils’ everyday experiences, allowing them
to integrate the knowledge and skills they acquire in the classroom into their daily lives, enriching their learning
beyond the school environment.
The program trains teachers to design, implement and evaluate maker activities in the classroom, in some cases
with the end goal of creating an artefact. This approach allows teachers to integrate advanced technological tools
Production into projects that promote hands-on and meaningful learning. In addition, each school has a makerspace for the
of an Artifact  production of these artefacts, giving pupils a dedicated place to realise their projects. Guidance is given on how

to integrate transversality into the projects. In short, the aim is for teachers to be able to integrate content from
different subjects, especially in STEAM areas, thus promoting interdisciplinary learning.
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Dimension Relation with teacher training

The training process promotes collaboration between teachers, as well as showing how to foster collaboration
among pupils in maker projects. It emphasises the importance of taking into account the individual needs of each
pupil and how to organise groups fairly to ensure active and equitable participation for all. The pedagogical sup-
port also promotes the exchange of experiences and good practices among teachers, enriching their work in the
classroom. In fact, during the training process, discussion areas are created among teachers from the same school,
but also among other teachers from nearby schools.

Collaboration

The training process also focuses on the correct use of advanced STEM tools, such as 3D printers, laser cutters
and digital embroidery machines, and provides teachers with indications on their use and pedagogical applica-

STEM tools tion. Each centre has a makerspace equipped with these tools, allowing pupils to develop technology projects in
a hands-on way. Teachers are also taught how to effectively integrate these technologies into the classroom to
enhance pupils’ learning.

2.4. Data analysis

An analysis of the rubric was conducted to assess the different aspects of teacher training. At the end of the
observation process, the completed rubrics were analysed to identify patterns and trends. The analysis fo-
cused on determining the most frequently occurring rating for each item across all sessions.

The interviews were transcribed into a text file and then processed using the software ATLAS.ti 24.2.1
(Qualitative Research and Solutions). The analysis was then carried out in the following order: 1. Prepara-
tion and import of the interviews; 2. Creation of codes and sub-codes; 3. Analysis of the results and creation
of networks. According to Lopezosa et al. (2022), this analysis allows the identification of the most salient

aspects of the statements and also helps to identify patterns.

3. RESULTS

The first specific objective (SO1) was to determine which aspects are dealt with during teacher training.
Table 4 shows in general terms which aspects the program focuses on. The left column shows the items
that were to be observed. These items are the same as those used in the observation rubric by Nadal et al.
(2024) in order to understand how the course develops, as well as the main content developed during

training.

The second and third columns show the observation results for each item at each school analysed. In
the last two columns, each item is rated. Specifically, it is a table of the frequency of actions. This rating
starts with the lowest values (Not at all), which means that the content was never dealt with; secondly, the
content was dealt with slightly (Slightly); thirdly, the content was dealt with significantly (Moderately); and
finally, the content was dealt with a very significant number of times (Considerably). In table 4 (see next

page) is a summary of the topics covered in the sessions.
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TABLE 4. Sessions content summary

ITEM QUALIFICATION SCHOOL 1 QUALIFICATION SCHOOL 2
1. Support in encouraging student participation Slightly Slightly
2. Use of technological tools Slightly Slightly
3. Design and session planning Moderately Moderately
4. Time management and work pace Slightly Slightly
5. Cognitive work Considerably Slightly
6. Creativity Moderately Slightly
7. Autonomy/Group work Slightly Slightly
8. Project-Based Learning Moderately Moderately
9. Spaces Slightly Slightly
10. Students with special needs Slightly Not at all
11. Equity Slightly Slightly

At first sight it can be seen that in most cases the content is dealt with slightly and moderately. This
aspect is considered to be positive as it means that most aspects are covered in the training period. There
are, however, some exceptions, e.g. item 10 on pupils with special needs, where very little work is done in
the first school and practically none in the second one. In general, it can also be observed that for most of

the items both schools treat the content in a similar way.

The items are described and compared between the two schools, highlighting their similarities and
differences, to discuss each case or context individually. In the first item, pupils’ participation is not very
much encouraged in both schools (1. Support in encouraging pupils’ participation). The same is true for
the second item (2. Use of technological tools). In both schools, training in the use and application of tools
is provided during one of the sessions, but not specifically during the other sessions.

It is relevant that item 3 (Design and session planning) is moderately addressed in both schools; in
this case the trainer puts a lot of emphasis on how to design and plan sessions to introduce maker activ-
ities in the classroom. However, item 4 (Time management and work pace) is not fully promoted, with
the qualification being slightly in both schools. In item 5 (Cognitive work) there are differences between
the two schools. In the first school, there is a strong focus on cognitive work during the training sessions,
whereas in the second school there is no focus on these aspects. This may be related to the fact that the
second centre, unlike the first one, had already carried out maker activities before, which meant that
many activities were already contextualised to the pupils’ environment and their everyday life. Item 6
(Creativity) also shows differences between the two schools, with the first one working more on creativi-
ty-related aspects than the second one. On the other hand, items 7 (Autonomy/group work) and 9 (Spac-
es) are hardly addressed in the training sessions, in contrast to item 8 (Project-based learning) where a

stronger focus is observed.

Finally, as a weakness to be pointed out, there is not much emphasis on the promotion of equity

among pupils, nor is much attention paid on how to promote the inclusion of pupils with special needs
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(items 10 and 11). In fact, in the first school, item 10 (Pupils with special needs) is hardly addressed, while in

the second school this content is not addressed at all.

In short, it can be concluded that the sessions have a very specific focus on aspects such as design or the
use of machines. Based on these results, it can be observed that some elements are transversal over several
sessions, such as the interest of pupils (little promoted, but considered over several sessions). On the other
hand, aspects such as training in the use of tools, are dealt with intensively in very few sessions.

The second specific objective (S02) was focused on identifying the strengths and weaknesses of the
training process, from the perspective of primary school teachers. After the analysis, a total of 388 quota-
tions with a total of 47 codes were selected. The following diagram shows, the groupings into networks,
which represent the teachers’ assessment. First, conceptual network 1 (Figure 2) refers to positive outcomes
and potential challenges:

FIGURE 2. Positive outcomes and potential challenges
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Conceptual network 1 (Figure 2) shows the potential of introducing maker education to pupils. Indeed,
teachers admit that simulations have given them some practice in implementing maker activities and get-
ting pupils excited. In addition, they point out that pupils’ interest increases significantly when technology

is introduced into the classroom, as it is attractive and generates greater enthusiasm during the sessions:

“Yes, for them technology is part of their daily life, much more than for us, and they find it easy and exciting, that’s
true.” (Teacher 2, School 1)

However, they also confirm some difficulties in the classroom when implementing the activities. In par-

ticular, they refer to the diversity of learners with different needs and the personalisation of learning. Overall
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the teachers confirm that they have acquired a number of skills and knowledge during training, such as the

ability to stimulate pupils’ interest or the integration of technology and the promotion of creativity.

FIGURE 3. Pupils’ learning process
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Conceptual network 2 (Figure 3) shows the interrelationship between the different benefits for learners
and reflects a close link between learning by error and the other elements. It is also seen by teachers as one
of the reasons why pupils become more autonomous and learn through exploration. The importance of
constructing knowledge based on their interests, often related to their everyday lives, is emphasised, and

can lead to more meaningful learning:

“It makes them take it more personally and go deeper into the content because they are the ones really building the

knowledge by doing it.” (Teacher 4, School 1)

Similarly, in terms of critical thinking, the interviewees saw it as closely linked to collaboration and
aspects of innovation and technology. Some of them have already worked with transversal projects and are
now able to give them a new maker approach. In parallel, they state that activities based on real life contexts
have had a positive impact, allowing pupils to see the practical application of what they have learned, as
opposed to previous approaches that focused on theoretical activities or simulations that had little to do
with everyday life.
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FIGURE 4. Balancing knowledge, competencies and innovation
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Conceptual network 3 (Figure 4) shows that, after training, teachers consider it key learning by doing
and associate it with making, building and project-based work. Some teachers state that, after the training
period, they understand the maker philosophy as something that goes beyond the simple act of creating
objects and is linked to sustainability, being transferable to their everyday lives:

“I don’t know, with the children we end up getting them to think about being creators of what they need rather than

consumers.” (Teacher 5, School 2)

In relation to conceptual network 4 (Figure 5, in next page), they highlight pedagogical transformation
as a strength derived from the training received. They emphasise the ease of implementation in the class-
room and the gradual introduction of maker education. They also highlight as a strength the sessions de-

signed to share experiences among teachers, as they encourage reflection and exchange of ideas.

Despite some reluctance at the beginning, as the training sessions progressed, teachers came to appre-
ciate the impact on their pupils’ skills and the learning they had acquired. Among other aspects, they ap-
preciate the strategies and tools provided by the trainer, who accompanies them at all times. Undoubtedly,
one of the most important aspects for the teachers is that the training is specifically personalised. Not only
is it adapted to their needs, but it also responds to the practices and challenges of implementation in the

classroom:

“It’s very tailored to what we need, and very practical ideas for projects are being suggested. That adds a lot of va-
lue to the project because rather than being something generalised a more personalised support is being offered”.
(Teacher 3, School 1)
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FIGURE 5. Project expectations and final opinions
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Another positive point they highlight is the opportunity to share training with teachers from other
schools. This approach encourages the exchange of experiences and allows professionals to share experi-

ences and strategies for overcoming challenges in similar contexts.

Overall, the evaluation of the training was positive but teachers also share some challenges that
should be improved in future training implementations. The time commitment of the training sessions
is a major challenge. As for the technological support, some teachers confirm that it could be more
structured and consistent to fully satisfy their needs. Similarly, the pedagogical adaptation part is quite
good, but there is also a shortcoming on which some teachers agree. They say that they feel lost when
integrating them into the classroom with younger pupils. Similarly, they identify some difficulties, such
as the diversity of needs in the classroom, but suggest reducing ratios and support from other teachers

as possible solutions.

Finally, Figure 6 (in next page) shows a summary of all the interviews. The codes represent the re-
lation of the implementation of maker activities after training. This application is characterised by its
flexibility, allowing it to be adapted to different contexts and educational levels. Evaluation is something
that worries teachers to some extent, although, after the training process, they have been able to grad-
ually improve this point. Teachers also consider the space to be important and are very enthusiastic
about the makerspaces that have been created in each of the schools. These are spaces where interdis-
ciplinary work can be carried out with different subjects such as STEAM. Teachers emphasise not only

the technical skills acquired, but also the importance of teaching values such as sustainability and DIY
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(Do It Yourself). In these makerspaces, they confirm that after the training period they are able to include
activities for all the pupils:

“They’re working better now; you don’t see anyone being bored. Everybody’s doing something and that’s because we’ve

changed the methodology. We had children who weren’t engaged in what was being done in class.” (Teacher 5, School 2)

At the same time, they try to promote equity among pupils, as girls feel that they can also pursue tech-
nological careers. Finally, they also stress the importance of having a member of staff in charge of the mak-
erspace to guide and support the pupils in carrying out projects. In conclusion, teachers are satisfied with
training and affirm that a combination of technical and pedagogical elements is needed for a good imple-
mentation. Through these practical spaces and with an interdisciplinary approach, teachers aim to trans-

form education into a creative process adapted to the current educational needs.

FIGURE 6. Synergy of skills and perspectives of the teacher training

Pedagogical Values and Gender
Interdisciplinarity g i — y wWTH ) ¢ meastor — <8 W0 ditterences
s on
7, =] — .
o [N K. (ISASSOCIATED WiTH
o o Xy \ o~
S -~ N . N, N
; = N ) Diversity
i8PANT OF ISPART OF BRARTEE . 5 outresch
\ \ \,
N
/ / N\ 18 ASSOCIATED WITH |
h,/ 4 _ o W \\
Key figure 16 PART OF e ISR OF
kol tation — WG 3 Assessment € 15 PART OF in the maker . G
~ I 4
e e ' Eauality
Qnmpr _._.' FARTLY, 15 PART OF : "\\
Promation of autonomy . (igassaeumER Wit ——> Makiar ¢ —(FARTGE)—  'ntroduction
R Space of machines
" y X T—
/ 16 ASSOCIATED WITH 18 PART OF 18 PART OF
ey ”~
P, / ;
/f.' !/_/ [ 4
4 Technolagical
Hand tools
/ tools
5 CAUSE OF MPARTOR K, —
7 N\ //
\ /
/ 4 \\ P
i ,
/ 5 " Wit
/ N
¥ X
/ b, N,
l rd ¥ /
Problem- ¢ = =
STEAM (i uEsoEATE WiTH)— solving e NP

4. DISCUSSION

Despite the lack of teacher training in maker education within schools (Gutiérrez-Esteban & Jaramil-
lo-Sanchez, 2022), this training process, developed in the context of primary and secondary schools in
Catalonia, highlights the variety of content addressed to teachers during implementation. The responses
reflect a clear trend of satisfaction, especially in relation to the support and training received, over and
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above the provision of material resources. These findings are in line with Forbes et al. (2021) and Torralba
(2019), who highlight the importance of providing guidance to teachers during the implementation of such
projects, as they often involve unusual challenges. Aligned with these findings, the present study concurs
with Dominguez-Gonzalez (2018), who highlights that the key to effective training is the ability to combine
practical knowledge, skills, experiences, and competences of the participants. This fact reinforces the idea
that a balance between theory and practice is essential for the successful implementation of educational
maker projects.

Another benefit of teacher training is its personalised approach, allowing to adapt to the specific needs
of teachers. In addition, key aspects such as the design, implementation and evaluation of maker activities
are explored in depth, an approach that is consistent with that of some authors (Rodriguez-Calderén y Bel-
monte-lzquierdo, 2021; Forbes et al., 2021). In addition, the trainer provides concrete tools that are applica-

ble to each teacher’s context, in line with Rodriguez-Calderén y Belmonte-lzquierdo (2021).

An important aspect of training has been learning through error. From the first sessions there was some
reluctance on the part of the teachers to accept change, especially when faced with the idea of adopting
new methodologies. However, as the sessions progressed, a gradual change in their perspective was ob-
served, with a more open and receptive attitude to the learning process. Situations of error were used as an
opportunity to manage frustration, helping teachers to develop this key skill, which they could then transfer
to their classrooms. This approach is in line with the theories of Torralba (2019), who advocates creating
without fear of error, and Hughes et al. (2021), who highlight the importance of fostering positive attitudes
towards error in a safe environment for making mistakes. Furthermore, training confirmed the findings of
Dominguez-Gonzalez (2018), who suggests that although initial frustration may be perceived as a barrier,
with the right support it becomes a motivational driver. In a complementary way, Blikstein’s (2014) ideas on
tolerance and frustration are also confirmed. It has been observed in this research that they promote greater
perseverance and teaches them how to work in heterogeneous teams. Furthermore, promoting contextual-
ised problem-solving in daily challenges has been observed as a positive approach to optimizing the use of
available resources. This approach reinforces the relationship between maker education and the practical
connection with the environment, as noted by Spieler et al. (2022) and Martin et al. (2020), who highlight the
inherent link between this educational approach, the efficient management of resources and the solution of
everyday problems. Dominguez-Gonzalez et al. (2018) also agree in that while implementing maker educa-
tion, work is done collaboratively through problem-solving, as promoted during training. Similarly, to foster
problem-solving, participants were tasked with creating or repairing an artefact artifact. This approach isin
line with the theory of Blikstein (2014), who stated that the teaching-learning process involves the creation
and modification of artefacts into end products to respond to a problem related to the environment of the
educational community in which the project is developed.

An aspect highlighted by both, teachers and observers, is that one of the main points of the training
focuses on how to stimulate pupils’ interest. In this regard, it is observed that when teachers apply what
they have learned, pupils demonstrate a high level of engagement and maintain sustained interest in the
activities, which supports the theories of various authors (Martinez-Moreno et al., 2021; Hwang, 2017; Lin
et al.,2021). This pupils’ engagement is fundamental to the success of maker education. Furthermore, much
of the knowledge during training was covered through practical experiences and activities, which is in line

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Oriol Nadal, Mireia Usart & Cristina Valls

with Dominguez-Gonzalez et al. (2018) theory, stating that learning by doing generates meaningful knowl-
edge. This hands-on approach not only enhances the learning process but also fosters a deeper connection

between students and the subject matter (Nikou, 2024).

The difficulties pointed out by Dominguez-Gonzalez (2018), who mentions that public school teachers
often face a lack of financial resources to acquire digital rapid prototyping tools, are not reflected in our
study. The participating teachers expressed a high level of satisfaction, as all the schools involved were
public and the project was supported with European funding. This financial support ensured the provision
of the necessary resources and tools, allowing teachers to fully focus on learning and implementing maker

education without the usual constraints of lack of technological equipment.

In this study, it is observed that there is a lack of training related to the adaptation of activities for
pupils with special educational needs (SEN). Martinez and Bielous (2017) emphasize that, in order to be
inclusive and effective, maker education trainings must take into account the specificities of each pupil.
At the same time, Gutiérrez-Esteban and Jaramillo-Sanchez (2022) highlight the benefits for pupils with
disabilities, as they foster the development of skills that would be difficult to achieve through less hands-
on and practical methodologies.This aspect represents an essential area of improvement for future edu-

cational initiatives.

Despite this shortcoming, the importance of considering the socio-emotional aspects of pupils in their
different contexts has been promoted among teachers. In this sense, we agree with Carrasco and Valls
(2023), who emphasise that the teacher should act as a facilitator of learning, also playing the role of a ref-
erence and support figure during the educational intervention, as well as a companion in the socio-emo-

tional sphere.

5. CONCLUSIONS

This study aimed to assess the development of training for primary school teachers to implement Maker
Education in the classroom. Overall, once the training program was completed, the interviews and obser-
vations confirmed that the centres received good support. It is important to note that training itself has
been positively evaluated, partly due to the use of a framework (Marshall & Harron, 2018) that provides
clear guidance on the content to be covered. Although not all of the elements in the rubric were covered
to the same depth, they were all addressed, some to a greater extent than others. We recommend that
frameworks continue to be used as a support in future studies, as they provide a coherent and facilitating

structure for the design and delivery of training programs.

Indeed, some contents are treated in a transversal way in several sessions, such as maintaining the
pupils’ interest or linking the activities carried out in class with the pupils’ daily life. There are also other
aspects, such as designing or evaluating maker activities in the classroom, that are not cross-curricular,
but are dealt with in depth in specific sessions. This combination provides a balanced approach to teacher
training, as it allows for in-depth exploration of key aspects, while continuously reinforcing essential con-

tent that needs to be considered in most sessions of maker activities.
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Teachers with more experience in maker education find it easier to link activities to pupils’ everyday
lives. However, their prior knowledge can also present challenges, as established practices may need to be
re-thought, which can be complex due to the inertia of existing trends. On the other hand, teachers with
less experience are more open to incorporating new ideas, as they don’t have to unlearn previous practices.
Parallel to that, it is essential that teacher training programs include guidance on adapting Maker Educa-
tion activities to meet the needs of pupils with SEN. Furthermore, it is vital for teaching staff to develop
confidence and proficiency in using technological tools effectively. This will make maker activities easy to

use, useful, satisfying, enjoyable, and ultimately motivating for students (Nikou, 2024).

This study contributes to the field of maker education by identifying key points for teacher training, in
line with current needs around the lack of information on how to effectively prepare teachers (loannou &
Gravel, 2025; Stevenson et al., 2019). These findings highlight the importance of further developing training
models to support teachers. Ultimately, it is beneficial to also consider hands-on activities that provide a
more holistic perspective for both, teachers and pupils. Maker education represents an opportunity for the

holistic development of pupils, in line with the demands and challenges of the 21st century.

5.1. Limitations and future lines of research

As a limitation of this study, the analysis has been confined to two schools due to difficulties in obtaining
permissions, which limits the generalisability of the results. In addition, the teachers interviewed are part
of the team behind the educational project, so the inclusion of other teachers’ perspectives could enrich

the findings.
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ABSTRACT

This study investigates the factors influencing preschool teachers’ intention to adopt digital storytelling (DST) in early
childhood education, using the Unified Theory of Acceptance and Use of Technology 2 (UTAUT2) framework. A quantita-
tive research design was employed, collecting data from 550 in-service preschool teachers in Turkey through a structured
questionnaire. Constructs from UTAUT2—including performance expectancy, effort expectancy, social influence, facilitat-
ing conditions, hedonic motivation, price value, and habit—were measured to assess their impact on behavioral inten-
tion. The results of the structural equation modeling (SEM) confirmed that all seven constructs significantly and positively
predicted teachers’ intentions to integrate DST. Performance expectancy and habit emerged as the strongest predictors,
highlighting the importance of perceived pedagogical value and routine technology use. Facilitating conditions and ef-
fort expectancy also had notable effects, suggesting that institutional support and ease of use are crucial for adoption.
Additionally, hedonic motivation and price value demonstrated that emotional engagement and cost-effectiveness play
meaningful roles in shaping acceptance. These findings offer theoretical support for UTAUT2’s application in early child-
hood education and provide practical insights for improving DST integration. The study emphasizes the need for teacher
training, institutional support, and access to cost-effective tools to foster the adoption of innovative pedagogical practices
in preschool classrooms.

KEYWORDS Digital Storytelling, UTAUT2, Early Childhood Education, Technology Adoption, Preschool Teachers

RESUMEN

Este estudio investiga los factores que influyen en la intencidn de los docentes de educacion infantil para adoptar la na-
rracion digital (DST) en el aula. Para ello, se utilizd el marco tedrico del Modelo Unificado de Aceptacién y Uso de Tecno-
logia 2 (UTAUT2). Se empled un disefio de investigacion cuantitativa y se recopilaron datos de 550 maestros en ejercicio
en Turquia mediante un cuestionario estructurado. Se midieron los constructos de UTAUT2: expectativa de rendimiento,
expectativa de esfuerzo, influencia social, condiciones facilitadoras, motivacién hedénica, valor percibido y habito, con
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el fin de evaluar su impacto sobre la intencién conductual. Los resultados del modelo de ecuaciones estructurales (SEM)
confirmaron que los siete constructos predijeron de manera significativa y positiva la intencion de los maestros de integrar
DST. La expectativa de rendimientoy el habito fueron los predictores mas fuertes. Esto destaca laimportancia del valor pe-
dagdgico percibido y la familiaridad con la tecnologia. Las condiciones facilitadoras y la expectativa de esfuerzo también
influyeron notablemente, lo que sugiere que el apoyo institucional y la facilidad de uso son fundamentales. Asimismo,
la motivacién hedédnica y el valor percibido demostraron que el compromiso emocional y la rentabilidad desempefian
un papel relevante en la aceptacion. Estos hallazgos respaldan tedricamente la aplicabilidad del modelo UTAUT2 en la
educacioén infantil y proporcionan implicaciones practicas para fomentar la integracion de DST. El estudio subraya la im-
portancia de la formacidn docente, el apoyo institucional y el acceso a herramientas accesibles para promover practicas
pedagdgicas innovadoras en la educacion preescolar.

PALABRAS CLAVE narracién digital, UTAUT2, educacién infantil, adopcién tecnolégica, maestros de preescolar

1. INTRODUCTION

The rapid advancement of digital technology has significantly transformed the landscape of education, in-
cluding early childhood learning environments (Al-khresheh et al., 2024; Bethencourt-Aguilar et al., 2021,
Lépez-Mari et al., 2021; Sakir, 2024). One of the emerging pedagogical tools in this context is digital story-
telling (DST), which integrates multimedia elements such as text, images, audio, and animation to create
engaging and interactive learning experiences (Chang & Chu, 2022). DST supports children’s cognitive, lan-
guage, and socio-emotional development by fostering creativity, engagement, and a deeper understanding
of concepts (Addone et al., 2021). In early childhood education, where storytelling plays a crucial role in
learning and development, the integration of DST can enhance traditional teaching methods and provide
children with a more dynamic and interactive learning experience (Jalongo, 2021).

Despite these potential benefits, the adoption of DST in preschool education remains limited. Research
suggests that teachers’ acceptance and willingness to use technology are key factors in the successful inte-
gration of digital tools in classrooms (Ates & Kolemen, 2025). However, while numerous studies have exam-
ined teachers’ technology adoption in general, there is a lack of research specifically focusing on preschool
teachers’ intentions to use DST. Moreover, existing studies on DST in education primarily focus on its impact
on students’ learning outcomes rather than the factors influencing teachers’ adoption of this tool (Yang et al.,
2022). This gap in research suggests that more attention is needed to understand the specific challenges, mo-

tivations, and facilitating conditions that influence preschool teachers’ use of DST in their teaching practices.

To address this gap, the present study employs the Unified Theory of Acceptance and Use of Technolo-
gy 2 (UTAUT2) framework (Venkatesh et al., 2012) to investigate preschool teachers’ intentions to integrate
DST into their teaching practices. UTAUT2 is a comprehensive model that explains technology acceptance
by examining factors including performance expectancy, effort expectancy, social influence, facilitating
conditions, hedonic motivation, price value, and habit. While UTAUT2 has been widely applied in higher
education and workplace settings, its application in early childhood education—particularly in relation to
DST—remains underexplored. By utilizing this model, the study aims to provide a deeper understanding of

the factors that encourage or hinder preschool teachers from adopting DST in their classrooms.
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This study is particularly significant as it contributes to both theoretical and practical aspects of early
childhood education. From a theoretical perspective, it expands the application of UTAUT2 in the context
of preschool education, offering empirical evidence on how teachers perceive and adopt DST. By identify-
ing the key factors that influence technology acceptance among preschool teachers, this study provides a
nuanced understanding of how DST can be successfully integrated into early childhood curricula. From a
practical perspective, the findings can inform teacher training programs, helping educators develop the
necessary skills and confidence to use DST effectively. The study also provides valuable insights for policy-
makers and curriculum developers to design strategies that promote DST as a meaningful pedagogical tool

in preschool settings.

Given the increasing emphasis on technology integration in early childhood education, it is essential
to explore how teachers perceive DST and what factors influence their willingness to use it. Therefore, this
study seeks to answer the following research question: What factors influence preschool teachers’ intention

to use DST in their classrooms based on the UTAUT2 model?

2. LITERATURE REVIEW AND HYPQOTHESIS DEVELOPMENT

2.1. Digital Storytelling in Early Childhood Education

Digital storytelling in early childhood education represents an innovative pedagogical approach that com-
bines traditional narrative techniques with digital media tools to create engaging and meaningful learning
experiences for young children (Catalano & Catalano, 2022; Hoa & Minh, 2023). By integrating multimedia
elements such as images, text, audio, video, and animation, digital storytelling enriches the narrative ex-
perience while also supporting the development of digital literacy skills from an early age (Hartsell, 2017).
This method allows educators to tailor stories to children’s interests and cultural contexts, thereby creating

a more personalized and relevant learning environment (Catalano & Catalano, 2022; Hoa & Minh, 2023).

Empirical research indicates that digital storytelling can significantly enhance both cognitive and so-
cio-emotional learning. For example, studies conducted in Vietnam have shown that early childhood ed-
ucators perceive digital storytelling as a means to bridge real-life experiences with curriculum content,
fostering active engagement and critical thinking (Hoa & Minh, 2023; Purnama, 2021). Similarly, research
from Indonesia highlights that digital storytelling enhances children’s storytelling competence, imagina-
tion, and early literacy development (Purnama, 2021; Purnama et al., 2022). Rahiem (2021), in an in-depth
case study of a storytelling-art-science club in Indonesia, showed that teachers use DST because it makes
storytelling more entertaining, captivating, communicative, and theatrical. Observations with over 70 chil-
dren revealed that simple digital technologies—combined with traditional storytelling—engaged children
more deeply and promoted active participation. Rahiem’s findings underscore the necessity of improving
teachers’ technological competencies, enhancing school ICT infrastructure, and updating curricula to inte-
grate DST effectively. Similarly, Catalano and Catalano (2022) found that digital storytelling is increasing-
ly being adopted as a means to promote child-centred pedagogy in kindergartens. Their mixed-methods
study involving 160 educators revealed that DST allows teachers to select and design digital stories aligned

with children’s unique experiences and interests. The approach fosters opportunities for children to make
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sense of their own lives and for teachers to better understand their students, thereby enhancing empa-
thy, emotional intelligence, and classroom relationships. The adaptability and novelty of DST also make it
highly impactful in both online and onsite learning contexts. From a developmental perspective, the model
of “early childhood Imagineering” developed by Jitsupa et al. (2022) provides a structured framework for
integrating DST in ECE in Thailand. Their research synthesized and evaluated a four-stage model: Lead-
ing to Learn (imagination), Active Learning (design and development), Opinion Sharing (presentation), and
Reflective Thinking (improvement and evaluation). The implementation of this model, which incorporates
stop-motion animation and collaborative storytelling, was strongly endorsed by educational experts. Their
results highlight that DST, when embedded within systematic, creative processes, promotes imagination,
self-expression, and reflective thinking—crucial competencies for holistic early childhood development. Di-
rect classroom evidence of DST’s practical benefits has also been documented by Yuksel-Arslan et al. (2016),
who employed a phenomenological approach to explore Turkish kindergarten teachers’ experiences with
DST after specialized workshops. The study revealed that teachers effectively used DST to enrich learning
activities, improve student engagement, and scaffold complex concepts through digital narrative formats.
The teachers reported several successes—including heightened motivation, improved collaboration, and
enhanced creativity among children—but also highlighted challenges such as technical difficulties, time
constraints, and the need for ongoing professional development. These findings suggest that the integra-
tion of digital storytelling not only supports academic domains such as reading and language acquisition

but also nurtures creativity and socio-cultural awareness (Adara, 2020; Purnama et al., 2022).

An additional benefit of digital storytelling is its ability to promote child-centered learning environ-
ments. The adaptability of digital stories enables educators to design narratives that reflect children’s in-
dividual experiences, interests, and cultural backgrounds, thus fostering empathy, emotional intelligence,
and interpersonal skills (Catalano & Catalano, 2022; Maranatha et al., 2024). In this context, digital storytell-
ing serves as an engaging pedagogical tool that draws on students’ prior knowledge and lived experiences,
enabling deeper connections between instructional content and personal learning journeys (Kisno et al.,
2022; Maranatha et al., 2024). Furthermore, the interactive nature of digital storytelling encourages active
participation and collaboration, which are essential for developing higher-order thinking skills and building

a sense of classroom community (Purnama et al., 2022; Sunar et al., 2022).

Digital storytelling also extends classroom learning beyond traditional boundaries by incorporating al-
ternative modes of communication and expression. Educators can utilize digital media to develop stories
that are accessible, culturally responsive, and aligned with educational goals, such as enhancing literacy
and fostering digital competence (Adara, 2020; Sabari & Hashim, 2023). As children engage with these mul-
timodal narratives, they are exposed to new vocabulary and language structures, while also learning to
appreciate diverse storytelling forms and techniques (Losi et al., 2022; Purnama, 2021). Such engagement
plays a critical role in laying the foundation for both linguistic and digital literacy development (Hartsell,
2017; Hoa & Minh, 2023).

In summary, digital storytelling in early childhood education is a multifaceted instructional tool that
enhances learning by integrating technology with narrative practices. It facilitates content delivery that is
connected to children’s lived experiences, supports culturally responsive and child-centered pedagogy, and

strengthens language and literacy skills. As an emerging field in early childhood education, digital story-
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telling presents promising opportunities for fostering creativity, digital fluency, and holistic development

among young learners (Hoa & Minh, 2023; Purnama, 2021; Purnama et al., 2022).

2.2. Hypothesis Development

The adoption of digital storytelling (DST) in early childhood education is shaped by psychological, social, and
institutional factors. Grounded in the UTAUT2 model (Venkatesh et al., 2012), this study explores seven con-
structs—performance expectancy, effort expectancy, social influence, facilitating conditions, hedonic moti-

vation, price value, and habit—as predictors of preschool teachers’ intention to adopt DST (Tang et al., 2025).

Performance expectancy refers to teachers’ beliefs about DST’s effectiveness in enhancing instructional
quality and learning outcomes. Prior studies show that tools perceived as beneficial for engagement, com-
prehension, and skill development are more readily adopted (Hu et al., 2025). DST’s multimodal features
support creativity, language development, and digital literacy, increasing its perceived instructional value.
Thus, it is hypothesized that performance expectancy positively influences intention to use DST. Effort ex-
pectancy captures the perceived ease of learning and applying DST. Teachers are more likely to adopt tools
that are intuitive and require minimal training (Ates & Giindiizalp, 2025). Given preschool teachers’ multi-
faceted responsibilities, user-friendly interfaces and integration with existing practices can reduce cognitive
load and increase adoption likelihood. Social influence reflects the extent to which teachers feel encouraged
by peers, administrators, and parents to use DST (Simsek & Ates, 2022). In collaborative preschool environ-
ments, perceived professional or policy-level support can strengthen adoption intentions. Facilitating con-
ditions, such as access to technology, institutional backing, and training, play a critical role in technology
use (Sungur-Glil & Ates, 2021). Teachers are more likely to adopt DST when they have the tools and support
needed to use it confidently. Hedonic motivation refers to the enjoyment teachers derive from using DST.
Studies indicate that when digital tools are fun and creatively engaging, educators are more motivated to
use them (Berkovich & Hassan, 2024). DST’s narrative and multimedia elements can make the teaching pro-
cess more personally rewarding. Price value involves the perceived cost-effectiveness of DST, especially in
resource-limited settings. Teachers are more inclined to adopt technologies they view as affordable and ped-
agogically beneficial (Duer & Jenkins, 2023). Open-access platforms and low-cost tools can enhance DST’s
appeal. Habit captures the influence of prior experience with digital tools. Teachers with a background in
multimedia instruction or frequent use of technology are more likely to integrate DST routinely (Venkatesh
et al., 2012; Simsek & Ates, 2022). Familiarity reduces resistance and supports long-term engagement.

Based on the UTAUT2 framework and its application to preschool teachers’ adoption of DST, the follow-

ing hypotheses are proposed. The relationships among the constructs are depicted in Figure 1:

H1: Performance expectancy positively influences preschool teachers’ intention to use digital storytell-

ing in their classrooms.

H2: Effort expectancy positively influences preschool teachers’ intention to use digital storytelling in

their classrooms.

H3: Social influence positively influences preschool teachers’ intention to use digital storytelling in their

classrooms.
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H4: Facilitating conditions positively influence preschool teachers’ intention to use digital storytelling

in their classrooms.

H5: Hedonic motivation positively influences preschool teachers’ intention to use digital storytelling in

their classrooms.

H6: Price value positively influences preschool teachers’ intention to use digital storytelling in their

classrooms.

H7: Habit positively influences preschool teachers’ intention to use digital storytelling in their class-

rooms.

FIGURE 1. UTAUT2 Model for Digital Storytelling Adoption. This figure illustrates the theoretical framework and
hypothesized relationships among the seven UTAUT2 constructs and teachers’ intention to use digital storytelling in
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3. MATERIAL AND METHOD

3.1. Data Collection Process

To prepare participants for the integration of DST into early childhood education, we first provided an over-
view highlighting its pedagogical benefits, such as fostering creativity, language development, and digital
literacy in preschool settings. Teachers were introduced to the purpose, features, and educational relevance

of DST to ensure a clear understanding of its potential.

We then offered a technical introduction to DST tools, including descriptions of software platforms,
multimedia integration options, and hardware requirements. Step-by-step user guidelines were devel-
oped, supported by visuals and video tutorials, to accommodate varying levels of technological proficiency

among teachers.
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Hands-on workshops and training sessions were organized to guide teachers through key DST process-
es, such as storyboarding, multimedia editing, and voice narration. Participants had the opportunity to cre-

ate digital stories, troubleshoot issues, and explore classroom applications in collaborative settings.

To support ongoing adoption, a help desk, online forums, and regular Q&A sessions were established.
Teachers were encouraged to share experiences and seek assistance, fostering a supportive learning com-
munity. Feedback was collected through surveys and informal reflections to refine training content and

support systems.

Updates on DST technologies were periodically shared, and case studies showcasing successful class-
room implementations were included to inspire and motivate participants. This structured approach—com-
bining technical knowledge, practical training, and continuous support—aimed to ensure confident, sus-

tainable integration of DST in preschool education.

3.2. Participants

The participants of this study consisted of in-service preschool teachers actively employed in public and pri-
vate early childhood education institutions across various metropolitan cities in Turkey. Data collection was
conducted through a self-administered questionnaire, distributed at the beginning of the spring semester
(January to May 2024). We used convenience sampling to recruit teachers with diverse levels of technolog-
ical proficiency and teaching experience, ensuring a representative sample for analyzing DST adoption in

preschool education.

Before participating, all teachers received informed consent forms outlining the study’s objectives, the
voluntary nature of participation, and the confidentiality of their responses. Ethical guidelines were strictly
followed to ensure participant autonomy and data protection. The teachers were given adequate time to

review the information before proceeding with the survey.

A total of 600 questionnaires were distributed, and 550 completed responses were collected, resulting
in a 91.6% response rate. After screening for incomplete or inconsistent answers, all 550 responses were
deemed valid for inclusion in the final analysis. According to Kline (2011), a minimum of 10 cases per survey
item is necessary for statistical reliability. Given that the questionnaire contained 35 items, a minimum of
350 responses was required; therefore, our sample of 550 participants exceeded this threshold, ensuring

robust and reliable data analysis.

The demographic distribution of the participants reflected a diverse range of experiences and back-
grounds. Among the teachers, 73% were female and 27% were male, which aligns with the general gender
distribution in early childhood education. The majority of participants were between the ages of 30 and 45
(67%), with 64% being married. Regarding educational qualifications, 29% of teachers held postgraduate

degrees, indicating a high level of professional development.

In terms of technology experience and DST familiarity, 18% of teachers reported having previously in-
tegrated DST into their classroom activities, while an additional 52% expressed interest in using DST for
storytelling and instructional purposes. Teachers with prior DST experience reported using it mainly for lan-

guage development, creative expression, and student engagement, while those new to DST cited the need
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for additional training and institutional support before full implementation. The remaining 30% of teachers

were unfamiliar with DST but were open to exploring its potential benefits in early childhood education.

3.3. Measures

The data collection instruments used in this study were developed through a systematic and rigorous pro-
cess, beginning with a comprehensive review of literature on UTAUT2 and its application in educational tech-
nology adoption (Ates & Polat, 2025; Venkatesh et al., 2012). The initial scale items were designed based on
UTAUT2 constructs, including performance expectancy, effort expectancy, social influence, facilitating con-
ditions, hedonic motivation, price value, and habit, ensuring that each construct aligned with the theoretical
framework guiding this study. To validate the relevance and clarity of these items, a panel of four experts in
early childhood education, educational technology, and psychology evaluated their face and content valid-
ity, following the recommendations of Gravetter and Forzano (2012). This evaluation ensured that the items

were clearly worded, culturally appropriate, and accurately measured the constructs under investigation.

Following expert validation, a pilot study was conducted with 255 in-service preschool teachers to as-
sess the reliability and validity of the instrument. This preliminary phase allowed for the identification of
potential ambiguities, redundancies, and response biases in the measurement scales, ensuring that the
final version accurately captured preschool teachers’ perceptions and intentions regarding DST adoption.
Considering the Turkish educational context, the questionnaire was translated from English to Turkish using
a blind translation-back-translation method, as recommended by Esfandiar et al. (2020). This process was
crucial in maintaining semantic and conceptual equivalence, minimizing language-related distortions that

could affect the validity of responses.

The final survey instrument was structured around the UTAUT2 model to systematically assess the
factors influencing preschool teachers’ adoption of DST. The instrument included eight constructs, each
measured with three or four items, allowing for a comprehensive analysis of their influence on teachers’

behavioral intentions.

Performance Expectancy (PE) was measured using three items that assessed teachers’ beliefs regarding
the extent to which DST would enhance instructional quality and learning outcomes. Effort Expectancy (EE)
included three items evaluating the perceived ease of learning and applying DST in preschool education.
Social Influence (SI) was measured through three items capturing the perceived encouragement and expec-
tations from colleagues, school administrators, and other influential figures regarding the use of DST. Facil-
itating Conditions (FC) consisted of four items assessing access to technological infrastructure, institutional
support, training opportunities, and the compatibility of DST with existing teaching tools. Hedonic Motiva-
tion (HM) was captured using three items that measured the degree of enjoyment and intrinsic satisfaction
teachers derived from using DST. Price Value (PV) was assessed through three items focusing on teachers’
evaluations of the cost-effectiveness and perceived benefits of using DST. Habit (HT) was measured with
three items reflecting the frequency and automaticity of technology use in teaching, including the likeli-
hood of DST becoming a routine part of instructional practices. Finally, Behavioral Intention (INT) to use
DST was measured using three items that examined teachers’ future intentions, plans, and commitment to

integrating DST into their classroom practices.
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As seenin Table 1, all 30 items were rated on a 7-point Likert scale, ranging from 1 (strongly disagree) to

7 (strongly agree).

TABLE 1. Digital Storytelling Adoption Scale: Constructs and Item-Level Metrics

Construct Item Statement Factf) r Mean SD AVE CR a
Loading

Using digital storytelling in my classroom will improve
. 0.84 521 0.82
student engagement and learning outcomes.

Performance
Expectancy DST helps me teach more effectively. 0.81 518 0.79 0.69 0.88 0.85
(PE)
DST enhances my productivity in plannin
o P yine & 0.85 509 0.81
and delivering lessons.
Learning to use DST in preschool education is easy for me. 0.82 488 0.89
Effort
Expectancy The interface of DST tools is user-friendly. 0.83 492 090 070 0.89 0.84
(EE)
| can quickly learn how to create digital stories. 0.85 485 0.86
My colleagues encourage me to use DST in my teaching. 0.78 475 091
Social
Influence My school administrators support the use of DST. 0.81 480 087 0.66 0.86 0.83
(sn)
Other teachers whose opinions | value think | should use DST. 0.80 4.85 0.85
My school provides the necessary technology for DST. 0.84 461 094
Facilitating | have sufficient training to use DST effectively. 0.81 455 0.89
Conditions 0.68 0.87 0.86
(FC) | can receive support when facing problems with DST. 0.83 4.66 0.91
DST is compatible with the other teaching tools | use. 0.80 4.58 0.88
Using DST in class is enjoyable for me. 0.85 5.02 0.86
Hedonic
Motivation I find DST fun and engaging to work with. 0.83 508 0.89 0.71 0.89 0.87
(HM)
Creating digital stories makes teaching more enjoyable. 0.82 495 0.87
The educational benefits of DST outweigh its cost. 0.79 442 1.01
Price
Value DST is affordable considering its instructional value. 0.84 450 098 065 0.86 0.82
(PV)
DST provides good value for the time and effort invested. 0.81 447  1.00
Using digital tools like DST is part of my regular teachin
g, & P yres & 0.83 485 0.94
practices.
Habit
. ) . 0.68 0.88 0.85
(HT) | often use similar technologies, so DST feels familiar. 0.82 478 0.92
| expect to routinely use DST once | begin. 0.80 475 091
I plan to use DST in my teaching regularly. 0.86 512 0.87
Intention
to Use DST | am committed to using DST in future classroom activities. 0.87 518 0.85 0.75 0.90 0.88
(INT)
I will try to integrate DST into my teaching as much as possible. 0.85 510 0.83
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3.4. Data Analysis

The data analysis for this study was performed using SPSS version 21 for descriptive statistics and reliability
analysis and AMOS version 20 for structural equation modeling (SEM), ensuring a rigorous statistical evalua-
tion of the proposed model based on the UTAUT2. The analytical process followed a multi-step approach to
examine the measurement structure, reliability, validity, and structural relationships among the key factors

influencing preschool teachers’ adoption of DST in early childhood education.

Initially, descriptive statistics were computed to summarize the means, standard deviations, and fre-
quency distributions of the survey responses. This step provided an overview of general trends regarding
teachers’ perceptions, prior experiences, and intentions related to DST. Skewness and kurtosis values were
examined to assess the normality of the data, ensuring that parametric statistical tests could be appropri-
ately applied.

To validate the measurement model, confirmatory factor analysis (CFA) was conducted using AMOS 20.
This analysis assessed the factor structure, reliability, and validity of the constructs in the study. Internal
consistency was evaluated by calculating Cronbach’s alpha coefficients for each construct, ensuring that all
values met or exceeded the acceptable threshold of 0.70. Additionally, composite reliability (CR) values were

calculated to verify the internal consistency of each latent variable.

To establish convergent validity, we examined whether factor loadings (FL) exceeded 0.60, ensuring
that each item contributed significantly to its respective construct. The average variance extracted (AVE)
was also assessed, with all values exceeding the minimum criterion of 0.50, indicating that the constructs
captured sufficient variance from their indicators. Discriminant validity was confirmed by verifying that the
square roots of the AVE values for each construct were greater than the inter-construct correlations, as rec-
ommended by Byrne (2016) and Fornell and Larcker (1981), and Hair et al. (2010). This test ensured that the
constructs in the model were theoretically and statistically distinct from one another.

TABLE 2. Interrelations of UTAUT2 Constructs with Discriminant Validity Indicators

Constructs PE EE Sl FC HM PV HT INT

PE 0.83

EE 0.45 0.84

Sl 0.40 0.42 0.81

FC 0.35 0.38 0.47 0.82

HM 0.50 0.44 0.39 0.40 0.84

PV 0.30 0.36 0.33 0.37 0.35 0.81

HT 0.55 0.48 0.41 0.42 0.38 0.31 0.82

INT 0.60 0.52 0.45 0.50 0.55 0.46 0.49 0.87

Note: Bolded diagonal elements indicate the square roots of the AVE values,
providing evidence for discriminant validity among the constructs.
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The structural model was evaluated through SEM to test the hypothesized relationships between the
UTAUT2 constructs and preschool teachers’ intention to use DST. Several model fit indices were examined
to determine how well the theoretical model aligned with the observed data. The fit indices included the
Chi-square to degrees of freedom ratio (x?/df), Goodness of Fit Index (GFI), Incremental Fit Index (IFI), Tuck-
er-Lewis Index (TLI), Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), and
Standardized Root Mean Square Residual (SRMR). All indices met acceptable statistical thresholds, confirm-

ing a good model fit and supporting the validity of the theoretical framework used in this study.

The results of these analyses, including detailed factor loadings, reliability coefficients, and model fit

statistics, are systematically presented in Tables 1 and 2.

4. RESULTS

4.1. Structural Model Analysis

Following the validation of the CFA, path analysis was conducted using SEM to evaluate the fit indices of
the UTAUT2 model applied to preschool teachers’ intentions to use DST in early childhood education. The
results indicated that the structural model exhibited an acceptable fit, with all indices meeting the recom-
mended thresholds for model adequacy. The fit indices for the model were as follows: x?/df = 2.85, Good-
ness of Fit Index (GFl) = 0.91, Incremental Fit Index (IFI) = 0.94, Tucker-Lewis Index (TLI) = 0.90, Comparative
Fit Index (CFl) =0.94, Root Mean Square Error of Approximation (RMSEA) = 0.04, and Standardized Root Mean
Square Residual (SRMR) = 0.04. These values indicate that the model achieved a good fit with the observed
data, supporting the theoretical structure proposed in this study. Additionally, the explanatory power of
the model was assessed through the R? value, which measures the proportion of variance explained by the
independent variables. The results demonstrated a strong explanatory power, with an R? value of 0.52, indi-
cating that the UTAUT2 model accounted for 52% of the variance in preschool teachers’ intentions to adopt
DST in their classrooms.

4.2. Results of UTAUT2 Model

The findings from the structural path analysis provided important insights into the factors that influence pre-
school teachers’ intentions to DST in early childhood classrooms. The results revealed statistically significant
relationships among several UTAUT2 constructs and teachers’ behavioral intentions, as summarized below.

Performance expectancy had a strong, significant positive effect on preschool teachers’ intention to
adopt DST ( = 0.38, p <0.001). This indicates that teachers are more likely to use DST if they perceive it as
an effective tool for enhancing student engagement, learning outcomes, and teaching productivity.

Effort Expectancy also emerged as a significant predictor of intention (3 = 0.34, p <0.01), indicating that
perceived ease of use plays a central role in teachers’ willingness to adopt DST. Teachers who found DST
platforms intuitive and accessible were more likely to report stronger intentions to integrate it into their

teaching practices.

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Aysegiil Sakir

Social Influence had a positive and statistically significant relationship with behavioral intention
(3=0.27, p <0.01). This result suggests that encouragement and support from colleagues, administrators,
and other influential stakeholders positively shape teachers’ perceptions and readiness to adopt DST in the

classroom.

Facilitating Conditions were also found to significantly influence teachers’ intention to adopt DST
(3=10.30, p <0.01). Access to necessary infrastructure, training opportunities, and institutional support was

critical in supporting preschool teachers’ adoption efforts.

Hedonic Motivation showed a meaningful and positive effect on behavioralintention ($=0.29, p <0.05).
Teachers who found DST enjoyable and creatively fulfilling were more likely to express intentions to use it
in their classrooms. The intrinsic pleasure derived from creating digital stories was an important motiva-

tional factor.

Price Value also emerged as a significant factor (3 =0.26, p <0.05), suggesting that teachers’ perceptions
of DST as a cost-effective instructional tool influence their intention to adopt it. When teachers viewed the
time, effort, and resources invested in DST as justified by its educational benéefits, they were more inclined

to adopt it.

Finally, Habit had a strong and statistically significant effect on intention (3 = 0.35, p <0.001). This indi-
cates that teachers who were already familiar with digital tools or regularly engaged with technology-en-

hanced instruction were more likely to adopt DST as part of their routine teaching practice.

Collectively, these results underscore the multidimensional nature of technology acceptance and high-
light the importance of both cognitive evaluations (e.g., usefulness, ease of use) and affective-motivational
drivers (e.g., enjoyment, familiarity) in shaping early childhood educators’ adoption of digital storytelling.
The detailed standardized path coefficients illustrating these relationships within the UTAUT2 framework

are visually presented in Table 3 and Figure 2.

TABLE 3. SEM Results of the UTAUT2 Model

Hypothesis Number Path Standardized Coefficient (3) t-value  Hypothesis Outcome
H1 Performance Expectancy - Intention 0.38** 8.542 Supported
H2 Effort Expectancy - Intention 0.34** 7.926 Supported
H3 Social Influence > Intention 0.27* 5.842 Supported
H4 Facilitating Conditions > Intention 0.30* 6.489 Supported
H5 Hedonic Motivation - Intention 0.29* 6.103 Supported
H6 Price Value > Intention 0.26* 5.774 Supported
H7 Habit > Intention 0.35** 8.321 Supported

Note: p <0.001, p <0.0001.
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FIGURE 2. Path Analysis Results of the UTAUT2 Model. The standardized coefficients indicate the strength
and significance of relationships between the constructs based on structural equation modeling.

Performance
Expectancy

B=0.34 B=0.38

Social Influence

Facilitating
Conditions Intention

$=0.35|

Hedonic
Motivation

5. DISCUSSION

This study employed the UTAUT2 model to investigate the factors influencing preschool teachers’ inten-
tion to adopt DST in early childhood education. The structural equation modeling results confirmed that
all seven constructs—performance expectancy, effort expectancy, social influence, facilitating conditions,
hedonic motivation, price value, and habit—significantly and positively influenced behavioral intention.
Among these, performance expectancy and habit were the strongest predictors, indicating that teachers
are more likely to adopt DST when they see it as beneficial for teaching and are already familiar with digital
tools. Effort expectancy and facilitating conditions also played key roles, suggesting that ease of use and
institutional support are important for adoption. Additionally, hedonic motivation and price value contrib-
uted to teachers’ intention by highlighting the importance of enjoyment and cost-effectiveness. Overall, the
model explained a substantial portion of the variance in adoption intention, offering a validated framework
for understanding technology acceptance in early childhood education and practical insights for promoting

DST integration in preschool settings.

5.1. Implications

This study makes several important theoretical and practical contributions to the field of educational tech-
nology, particularly within the context of early childhood education. By employing UTAUT2 to examine pre-
school teachers’ intention to adopt DST, the study provides a validated framework that captures how per-

formance-related beliefs, social norms, intrinsic motivations, facilitating conditions, and habitual behaviors
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influence technology acceptance in a foundational learning environment. This application is especially
significant, as research on technology adoption models has primarily focused on secondary or higher edu-
cation contexts (Al-Adwan & Al-Debei 2024; Ates & Polat, 2025; Suhail et al., 2014), leaving early childhood

education comparatively underexplored.

From a theoretical perspective, this study affirms and extends the validity of UTAUT2 by demonstrat-
ing its predictive power in early childhood settings, where pedagogical decisions are heavily influenced by
developmentally appropriate practices and resource limitations. All seven hypothesized constructs—per-
formance expectancy, effort expectancy, social influence, facilitating conditions, hedonic motivation, price
value, and habit—were found to significantly influence behavioral intention. This supports earlier studies
that found UTAUT2 to be a robust model in educational settings (Ates & Garzoén, 2023; Cabero-Almenara
et al., 2024; Zheng et al., 2025), while extending its relevance to preschool educators, a group often omitted
in mainstream technology acceptance literature (Sakir, 2024). Notably, performance expectancy and habit
emerged as the most influential predictors. These findings corroborate Davis’s (1989) Technology Accept-
ance Model (TAM), which highlights perceived usefulness as a central determinant of behavioral intention.
They also align with recent studies showing that when teachers perceive a tool as enhancing learning out-
comes and instruction (e.g., Ates & Polat, 2025), they are more likely to adopt it. The significance of habit em-
phasizes the role of prior exposure and routine use of technology, echoing Ajzen’s (1991) Theory of Planned
Behavior, which suggests that past behavior can strongly inform future intentions. For early childhood ed-
ucators, who often operate in low-tech environments, the habitual use of digital tools may lower cognitive
barriers and increase readiness to integrate DST. The importance of effort expectancy and facilitating con-
ditions further reflects core UTAUT2 assumptions, showing that ease of use and supportive infrastructure
are key drivers of technology adoption. These constructs are particularly salient in early childhood settings,
where educators may lack consistent access to training or resources. Prior research by Cabellos et al. (2024)
and Ogegbo et al. (2024) similarly found that teachers’ technology integration is contingent upon the usa-
bility of tools and the availability of institutional support, such as hardware, software, and professional de-
velopment. This study also advances theoretical understanding by validating the role of hedonic motivation
and price value in shaping behavioral intention. The significant influence of hedonic motivation aligns with
self-determination theory (Ryan & Deci, 2000), which emphasizes the importance of intrinsic enjoyment in
sustaining engagement. Teachers who find DST enjoyable are more likely to use it—not only for pedagog-
ical utility but also for the personal satisfaction derived from creative teaching. This complements stud-
ies by Ates and Garzdn (2022), who highlighted the emotional dimension of digital tool usage as a strong
predictor of technology acceptance in education. Moreover, price value, reflecting the perceived trade-off
between costs and benefits, reinforces earlier work by Venkatesh (2022), which found that affordability and
perceived value strongly influence adoption. In the preschool context, where budgets are often constrained,
a tool like DST must demonstrate both low operational cost and high pedagogical payoff to gain teacher
acceptance. Collectively, these findings provide empirical support for UTAUT2’s multidimensional structure
while demonstrating its adaptability to early childhood education—an area often overlooked in technology
acceptance research. This study enriches the literature by showing that technology adoption in early learn-
ing environments is influenced not only by rational judgments of utility and support, but also by emotional

engagement and habitual practices.
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On a practical level, the study offers actionable insights for educators, school leaders, policymakers,
and teacher educators aiming to promote the adoption of DST in preschool education. First, profession-
al development programs should focus on demonstrating the pedagogical effectiveness and ease of use
of DST tools. Teachers are more likely to adopt such tools when they can clearly see how these resourc-
es improve lesson delivery and student engagement. Workshops and hands-on training sessions should
include practical examples of classroom integration, highlighting both the instructional benefits and the
user-friendly features of DST platforms. Second, institutional support must be enhanced. Schools should
ensure that technological infrastructure is readily available, including devices, multimedia resources, and
reliable internet access. Moreover, administrators should communicate a clear commitment to support-
ing innovative teaching practices and provide ongoing technical support and peer mentoring, allowing
teachers to adopt DST with confidence and continuity. Additionally, enjoyment and creativity should be
emphasized in teacher training, as the study found that hedonic motivation significantly influences adop-
tion intention. Showcasing DST as a playful, expressive, and rewarding experience for teachers—as well as a
powerful engagement tool for children—can increase its appeal. Further, cost-related concerns must be ad-
dressed. Schools and education departments can facilitate adoption by providing access to free or low-cost
DST tools, offering subsidies for software licenses, or integrating DST into broader digital learning strategies.
Lastly, policy-level support is essential for scaling DST adoption. Education ministries or local authorities
could incorporate DST into early childhood curriculum guidelines, promote best practices through national
digital education portals, and support teacher networks that share success stories and resources. Develop-
ing these collaborative platforms can foster a culture of innovation, where DST becomes a natural extension

of preschool instruction. enhancing both teaching practices and learning experiences in the process.

6. CONCLUSIONS

This study investigated the factors influencing preschool teachers’ intention to DST in early childhood edu-
cation through the lens of the UTAUT2. The analysis confirmed that all seven hypothesized constructs—per-
formance expectancy, effort expectancy, social influence, facilitating conditions, hedonic motivation, price
value, and habit—significantly and positively impacted teachers’ behavioral intention to adopt DST. Among
these factors, performance expectancy and habit emerged as particularly strong predictors, highlighting
the importance of perceived pedagogical value and prior experience with technology in shaping teachers’
intentions. Teachers were more inclined to adopt DST when they recognized its potential to improve stu-
dent engagement, learning outcomes, and their own teaching efficiency. Similarly, teachers with greater
familiarity and comfort with digital tools reported a higher likelihood of integrating DST into their routine
practices. Effort expectancy and facilitating conditions were also important, indicating that ease of use and
institutional support are essential for successfully implementing DST. Teachers who perceived DST tools as
user-friendly and reported access to adequate resources, training, and technical support were more likely
to express a strong intention to use them in their classrooms. Moreover, intrinsic enjoyment (hedonic moti-
vation) and perceived cost-effectiveness (price value) were shown to be influential. These findings suggest
that both emotional engagement and practical considerations contribute meaningfully to adoption deci-

sions. Overall, the findings highlight the need to develop teacher-centered support systems that address
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both technical and motivational needs. The study contributes to the theoretical understanding of technolo-
gy acceptance in early childhood education and offers practical recommendations for designing profession-

al development programs and institutional policies aimed at promoting DST adoption.

6.1. Limitations and future lines of research

While this study provides important insights, several limitations should be acknowledged. First, the sample
consisted only of in-service preschool teachers in Turkey, which may limit the generalizability of the findings
to other educational contexts or cultural settings. Future research could include comparative studies across
different countries or regions to examine potential contextual differences in technology acceptance.

Second, the study relied on self-reported survey data, which may be subject to social desirability bias
or inaccuracies in self-assessment. To address this, future studies could incorporate qualitative methods,
such as interviews or classroom observations, to enrich the findings and provide a deeper understanding of

teachers’ experiences with DST.

Third, the cross-sectional design of the study does not allow for the examination of changes in intention
or behavior over time. Longitudinal research would be valuable for investigating how teachers’ perceptions

and use of DST evolve with increased exposure and training.

Additionally, while this study focused on behavioral intention, it did not assess actual usage behavior.
Future research could explore the gap between intention and behavior by tracking how frequently and in

what ways DST is implemented in real classroom settings.

Finally, this study employed only the UTAUT2 framework. Although comprehensive, UTAUT2 may be
complemented by other theoretical models, such as TPACK or TAM3, for a more holistic analysis of digital

tool adoption in early childhood education.

Future research could also examine the impact of DST on student learning outcomes and engagement,
providing a more complete picture of its effectiveness as a pedagogical innovation. Moreover, exploring
how DST can be integrated into specific subject areas—such as language development or social-emotional
learning—could further inform best practices in curriculum design and instructional strategy. Importantly,
further studies should investigate the practical applications of DST in multicultural classrooms and with stu-
dents who have diverse educational needs. As interest in inclusive education grows globally, understanding
how DST can support engagement and learning among culturally and linguistically diverse students, as well
as those with disabilities, represents a valuable direction for future research.
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ABSTRACT

While technostress can affect anyone who uses ICTs (including employees and students) individuals experience it dif-
ferently through anxiety, fatigue, addiction. This study aims to advance technostress research among students by
identifying distinct profiles and examining differences between them through a mixed-method approach. The sample
consisted of 224 university students (68.5% female) from different Spanish universities. Our findings revealed sev-
en technostress profiles: Profile 1, Techno-anxious, Profile 2, Techno-fatigued, Profile 3, Techno-addicted, Profile 4,
Techno-anxious-fatigued, Profile 5, Techno-anxious-addicted, Profile 6, Techno-fatigued-addicted, Profile 7, Tech-
no-anxious-fatigued-addicted. Although student burnout did not significantly differentiate between profiles, qualita-
tive analysis showed that insufficient digital competencies and information overload contributed to increased anxiety
and technology resistance. Furthermore, prolonged screen exposure without adequate management led to mental
and visual fatigue. These results highlight the need for targeted interventions to enhance digital literacy and promote
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healthier technology use habits. Our findings have important theoretical implications for understanding technostress
complexity and practical applications for developing more precise diagnostic tools and personalized support strategies.

KEYWORDS Technostress, University Students, Profiles, Mixed Methods Research, Student Burnout

RESUMEN

Aunque el tecnoestrés puede afectar a cualquier persona que utilice las TIC (incluyendo empleados y estudiantes), los
individuos lo experimentan de manera diferente a través de ansiedad, fatiga o adiccidn. Este estudio pretende avanzar
en la investigacion del tecnoestrés en estudiantes mediante la identificacion de perfiles distintivos y el analisis de las
diferencias entre ellos utilizando un enfoque de métodos mixtos. La muestra estuvo formada por 224 estudiantes univer-
sitarios (68,5% mujeres) de diferentes universidades espafiolas. Los resultados revelaron siete perfiles de tecnoestrés:
Perfil 1, Tecno-ansioso, Perfil 2, Tecno-fatigado, Perfil 3, Tecno-adicto, Perfil 4, Tecno-ansioso-fatigado, Perfil 5, Tecno-
ansioso-adicto, Perfil 6, Tecno-fatigado-adicto, Perfil 7, Tecno-ansioso-fatigado-adicto. Aunque el burnout estudiantil no
discrimina entre los perfiles, el analisis cualitativo mostrd que las competencias digitales insuficientes y la sobrecarga de
informacién contribuyeron a aumentar la ansiedad y la resistencia hacia la tecnologia. Ademas, la exposicidn prolongada
a pantallas sin una gestion adecuada provoca fatiga mental y visual. Estos resultados destacan la necesidad de interven-
ciones especificas para mejorar las competencias digitales y promover un uso mas saludable de la tecnologia. Los resul-
tados tienen importantes implicaciones tedricas para comprender la complejidad del tecnoestrés y aplicaciones practicas
para desarrollar herramientas de diagndstico mas precisas y estrategias de apoyo personalizadas.

PALABRAS CLAVE tecnoestrés, estudiantes universitarios, perfiles, método mixto, agotamiento en estudiantes

1. INTRODUCTION

1.1. The shift of technostress from work to study environments

In an increasingly digitalised world, the impact of information and communication technologies (ICT) on the
daily livesis undeniable. In fact, it can be argued that the use of digital tools has transformed the way people
work, study, shop, and live, while also giving rise to different ways of interacting with Information and Com-
munication Technologies (ICT; e.g., Hong et al., 2023). These experiences are often referred to as technoflow

(a positive experience) or technostress (a negative experience; Salonova et al., 2014).

Initially proposed by Broad (1984) and later expanded by various authors (e.g., Ragu-Nathan et al., 2008;
Salanova et al., 2014), technostress can be understood as a negative job experience (e.g., disease, kind of
stress, psychological state) associated with the use of ICT. It is characterised by a perceived mismatch be-
tween different technological demands and users’ skills or resources. Its consequences are diverse and
well-documented, including physical and emotional symptoms (Sanjeeva-Kumar, 2024), as well as behav-

ioural effects such as intention to quit (Harris et al., 2022).

Although technostress was originally identified in workplace settings (e.g., Muhametjanova et al. 2024),
this psychosocial phenomenon has also been observed in academic environments, affecting students who
rely heavily on technology for their learning process (Saleem et al. 2024). As early as 1989, Hudiburg suggest-
ed that students might also be vulnerable to technostress when using computers. Since then, research has

increasingly highlighted this issue, pointing to the combination of high academic demands and intensive
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use of digital technologies as key contributors to students’ technostress (Asensio-Martinez et al., 2023).
Over the years, the consequences of technostress among students have been found to mirror those ob-

served in workers, including physical pain and emotional discomfort (Villavicencio-Ayub et al. 2024).

1.2. Profile of technostress

In the evolving field of technostress research (Sanjeeva Kumar, 2024), some models have focused on
identifying its various causes and consequences (Ragu-Nathan et al., 2008), while others have aimed to
better understand the subjective nature of the experience itself (Salanova et al., 2014). One influential
line of work conceptualises technostress as a multi-dimensional construct, combining emotional (e.g.,
anxiety, fatigue), cognitive (e.g., self-efficacy), and behavioural (e.g., addiction) dimensions. Salanova
and colleagues (2004, 2012) confirmed that individuals can experience these dimensions simultaneously,
depending on their interaction with technology. Based on this, they identified three core technostress
profiles: 1) Techno-anxiety: a negative emotional state characterised by anxiety during the use ICTs; 2)
Techno-fatigue: physical and psychological exhaustion caused by information overload and persistent
technological demands; and 3) Techno-addiction: excessive and compulsive use of ICTs, marked by a con-

stant need to interact with them.

Although this classification has contributed to a more precise comprehension of technostress (Pena-
do-Abilleira et al., 2021), it may not fully capture the complexity of real-life experiences. From a conceptual
standpoint, individuals are likely to experience combinations of these profiles. This suggests the existence
of mixed technostress profiles, such as techno-anxious-fatigued or techno-fatigued-addicted.

Some recent studies have attempted to explore this issue, yest most still rely on discrete classifications
(i.e., techno-functional, techno-strained, and techno-addicted; Rosa et al., 2025), based on the intensity of
technostressors (Ficapal-Cusi et al., 2024), or maladaptive ICT use (Diaz-Ldpez et al., 2020); However, these
approaches often overlook the subjective combination of symptoms, the student perspective, and the po-

tential value of qualitative insights.

To address this gap, our study is grounded in three key foundations: First, anxiety, fatigue and/or addic-
tion can co-occur. Several studies have reported significant positive correlations between anxiety and fa-
tigue (Kim & Kang, 2017; van Dam, 2016; Villanueva Ramirez et al., 2023). Moreover, Fekih-Romdhane et al.
(2023) found that smartphone, internet and Facebook addiction can trigger or intensify anxiety symptoms.

Second, self-efficacy, defined as one’s beliefs in their ability to organize and execute specific actions
(Bandura, 1997), serves as a protective factor against technostress (Salanova et al., 2014). However, as high-
lighted by Social Cognitive Theory (Bandura, 1997), self-efficacy is domain-specific: a user may feel confi-
dent writing emails but feel uncapable of controlling their overall use of ICT. In line with this, studies that
analyse the role of specific self-efficacy (e.g., self-efficacy for online teaching) have emerged, as did Levante
et al. (2025). Also, Chang et al. (2024) found that technical self-efficacy modulated emotional reactions to
Al-driven technostress, reducing anxiety and enhancing positive affect depending on whether the stressor

was perceived as a challenge or a hindrance.
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Thirdly, based on Lazarus and Folkman’s transactional model of stress (1984), and its application to
technostress (Salanova et al., 2014; Sharma & Gupta, 2023), stress occurs when perceived demands exceed
one’s coping reources. Individuals may use emotion-focused coping to manage anxiety or frustration from
technological demands, while also engaging in problem-solving by continuing to use technology compul-
sively to meet academic or professional goals. This dynamic can generate contradictory experience within

the same person.

In summary, constant interaction with multiple digital tools may lead to ambivalent states. For ex-
ample, dependence on technology for studying or working may coexist with fatigue due to the overuse
and frustration when outcomes do not meet expectations. Therefore, we formulated the first research

question:

» Research Question 1 (RQ1): Are there mixed profiles of technostress among university students?

1.3. Technostress and student burnout

The relationship between burnout and technostress among university students has received growing atten-
tion in recent research, particularly considering the increasing reliance on digital technologies for academic
purposes. Burnout refers to a psychological state of prolonged response to chronic stress (Maslach & Jack-
son 1981), characterised by emotional exhaustion, cynicism or depersonalization, and reduced personal
accomplishment. Approximately one-third of high-level students report symptoms that negative affective

their academic performance and mental well-being (Rosales-Ricardo et al., 2021).

Research indicates that technostress contributes to burnout development. Galvin et al. (2022) found
that excessive demands from technology-driven academic environments increase burnout risk by intensi-
fying emotional exhaustion and reducing motivation. Similarly, Vallone et al. (2023) suggest that high tech-

nostress levels lead to burnout symptoms that hinder academic engagement and performance.

This relationship became particularly evident during the rapid transition to online learning, when
studies identified several technostress creators as being positively correlated with both behavioural stress
(Upadhyaya & Vrinda, 2021), and emotional exhaustion (Alvarez-Risco et al. 2021). Additionally, Zhao et al.

(2022) reported that technostress negatively affects students’ sleep quality and academic performance.

When considering the seven different technostress profiles identified in our study, it is possible to theo-
rise distinct patterns of association with burnout dimensions. For instance, techno-anxious students may be
more prone to emotional exhaustion, while techno-fatigued students might show higher levels of cynicism.
In contrast, techno-addicted students may present a unique pattern in which high academic efficacy coex-

ists with emotional exhaustion.

The mixed profiles suggest more complex interactions. Students experiencing both anxiety and fatigue
may be vulnerable to emotional exhaustion and cynicism, whereas those combining addiction with either

anxiety or fatigue might present patterns of high engagement coupled with psychological distress.

Based on these theoretical relationships, we propose that burnout dimensions can serve as discrim-

inating factors across technostress profiles. Specifically, each profile may be characterised by distinct
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patterns in: (1) Emotional exhaustion, as an indication of psychological strain; (2) Cynicism, as a potential
coping mechanisms, and (3) Academic efficacy, reflecting different patterns of engagement with technolo-

gy. This leads to our second research question:

« Research Question 2 (RQ2): Are there any significant differences in student burnout (emotional

exhaustion, cynicism, and academic efficacy) across the seven identified technostress profiles?

1.4. Technostress and the use of ICT in the academic context

ICTs have become essential tools in the academic field, significantly transforming teaching and learning dy-
namics. In higher education, these technologies offer a wide range of possibilities, from access to online ed-
ucational resources to digital platforms that facilitate collaborative and personalized processes. However,
students’ perception of ICT use can be both positive and negative, depending on the benefits or challenges

students may experience.

Understanding how students perceive the use of ICT is essential for optimising their integration into ed-
ucational processes, particularly in increasingly diverse contexts. Numerous studies have highlighted the
benefits of ICT, including enhanced access to academic resources, improved collaboration between teach-
ers and students, and the facilitation of personalised learning paths that support academic outcomes (Agu-
ilar y Xiang, 2023; Agudelo-Velasquez y Salinas, 2020; Castro, 2023). Moreover, the development of digital
competencies among university students is crucial for transforming ICT into inclusive learning tools (Paro-
dy-Garcia et al., 2024). In this sense, ICT not only promote accessibility through the principles of Universal
Design for Learning (Calle-Cérdoba et al., 2024), but also contribute to the development of communication
skills, student autonomy, and active participation, particularly among learners with functional diversity,
thus fostering equitable and innovative pedagogical approaches (Parody-Garcia et al., 2022).

Nonetheless, despite the numerous advantages, several studies have identified challenges associat-
ed with their implementation. On the one hand, a lack of adequate training or digital literacy within the
academic community can hinder the effective use of these tools (Sangeeta & Tandon, 2020). On the other
hand, unequal access to devices and connectivity remains a significant barrier, especially in socioeconomi-
cally vulnerable contexts (Villao & Matamoros, 2024). Furthermore, the intensive use of digital technologies
may result in distractions and cognitive overload, negatively impacting students’ well-being and academic
performance. As such, the perception of ICT can vary depending on students’ personal resources and their

ability to cope with these demands (Llorens et al., 2007; Salanova et al., 2011).

Considering these complexities, this study aims to explore university students’ perceptions of ICT use
through a qualitative approach, with the goal of providing a more contextualised view of the role these

tools play in their academic lives. Accordingly, the third research question is formulated as follows:

« Research Question 3 (RQ3): What are university students’ perceptions of the use of technology

during their studies?
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2. METHOD

2.1. Sample and procedure

The sample consisted of 224 university students (68.5% female) from different Spanish universities (uni-
versity 1, 70.1%; university 2, 15.6%; other universities, 14.3%), aged between 18 and 43 years (M = 22;
SD =3.75). They represented a variety of academic disciplines, including health sciences (40.6%), humani-
ties (33.9%), natural sciences (18.9%), and social sciences (7.5%). Most participants (88.2%) were enrolled

in undergraduate programs.

Data were collected through an online questionnaire developed using the Google Forms platform. A
snowball sampling technique was employed to disseminate the questionnaire among university students.
Participation was entirely voluntary and non-remunerated. In accordance with the ethical standards of the
Declaration of Helsinki, all participants provided written informed consent. Anonymity and confidentiality

were maintained throughout the research process.

In addition to standardized instruments, the questionnaire included two open-ended questions
aimed at capturing students’ subjective perceptions and experiences regarding the use of ICT in academ-
ic contexts.

2.2. Variables and instruments

Technostress in students was assessed using an adaptation of the RED-Technostress or RED-ICT for stu-
dents (Eidman & Basualdo, 2021). Also, the five-factor structure of the RED-ICT scale has been confirmed
through confirmatory factor analysis in prior research (e.g., Eidman & Basualdo, 2021). The RED-ICT is
composed of 22 items divided into 5 subscales: Anxiety (4 items; e.g., “I feel tense and anxious when study-
ing with technologies”); Fatigue (4 items; e.g., “I find it difficult to relax after a day of studying using them?”);
Scepticism (4 items; e.g., “| doubt the outcome of studying with these technologies”); Inefficacy with tech-
nologies (4 items; e.g., “In my opinion, | am ineffective using technologies”); and Addiction (6 items; e.g., “I
think | over use technologies in my life”). All items rated on 7-point Likert scale ranging from 0 (“never”) to
6 (“every day”; Salanova, et al., 2004).

Student burnout was measured using the Maslach Burnout Inventory-Student Survey (MBI-SS,
Schaufeli et al., 2002). This scale includes three subscales: Emotional exhaustion (5 items; e.g., “I am
emotionally drained from doing this grade”), Cynicism (4 items, e.g., “| have become more cynical about
the usefulness of my studies”), and Efficacy with studies (6 items; e.g., “I can effectively solve problems
related to my studies.”). All the items had a 7-point Likert response format ranging from 0 (“never”) to 6
(“every day”).

Additionally, two open-ended questions were included to explore students’ subjective perceptions of
ICT use during their studies: 1) “What is your opinion on the use of technology during your studies?”; and 2)

“What do you think are the reasons for the difficulties in using technologies?”.
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2.3. Data analysis

Data were analysed using the SPSS 23.0 (IBM Corp, 2015) and ATLAS.ti version 24 software. Prior to the main
analyses, data were screened for missing values, and descriptive statistics, reliability indices, and bivariate

correlations were calculated for all dimensions included in the study.

Technostress profiles were constructed based on participants’ scores in the five technostress dimen-
sions: anxiety, fatigue, inefficacy, scepticism, and addiction. The classification criteria followed the frame-
work established by Salanova et al. (2004), as well as the normative thresholds proposed by Pefialver and
Ventura (2024). According to this classification, the techno-anxiety profile was assigned to students scor-
ing high or very high on anxiety, inefficacy, and scepticism; the techno-fatigue profile to those scoring high
or very high on fatigue, inefficacy, and scepticism; and the techno-addiction profile to students scoring

high or very high on the addiction dimension.

To examine whether differences in student burnout levels emerged across the identified technostress
profiles, an analysis of variance (ANOVA) was conducted. This allowed for the comparison of emotional ex-

haustion, cynicism, and academic efficacy among the seven technostress profiles.

The qualitative data, derived from two open-ended questions, were analysed using a content analy-
sis approach that combined both deductive and inductive strategies (Saldafia, 2009). Deductive coding was
based on pre-established thematic categories, while inductive coding allowed for the emergence of new,
data-driven subcategories. This hybrid approach enabled a richer and more contextualised understanding of
students’ experiences with ICT in academic settings. To enhance the robustness of the analysis, triangulation
techniques were applied, integrating the written responses, categorical descriptors, and technostress pro-
files to support a multi-faceted interpretation of the data (Flick, 2004). A critical-interpretative perspective
was also adopted, allowing for deeper reflection on the contextual and theoretical dimensions of students’

responses.

To ensure anonymity and confidentiality, an alphanumeric coding system was used. The letter “S” indi-
cated a student, followed by a number representing their assigned participant ID (e.g., S6 refers to student

number 6).

3. RESULTS

3.1. Quantitative results

Listwise deletion of missing data was applied, resulting in a data loss rate of less than 5% data (Fichman
& Cummings, 2003), no participants were excluded from the analyses. Based on the recommendations of
Finney and DiStefano (2006), the skewness and kurtosis values for all dimensions indicated that the assump-
tion of normality was not violated. The results also revealed statistically significant correlations among the
study dimensions, except for emotional exhaustion and efficacy with studies, which showed weaker associ-
ations with the rest of the dimensions. Regarding internal consistency, Cronbach’s alpha coefficients indicat-
ed good reliability across all dimensions. Descriptive statistics, reliability indices, and intercorrelations are

presented in Table 1.
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TABLE 1. Descriptive, reliably and bivariate correlations

Variables M SD S K a 2 3 4 5 6 7 8

1. Anxiety 2.07 1.48 .50 -.54 .83 .63** .56** .35** 75** .23** 21** -06
2. Fatigue 2.68 1.65 13 -1.05 .89 A3*F 43* 48* 33** 22%* .02
3. Scepticism 1.92 1.26 .52 -44 .78 21** . 53** 012 .15 .00
4. Addiction 3.26 1.35 -.15 -.56 .86 34** 26** 30" .04
5. Inefficiency with technologies 1.68 1.29 .89 49 .80 12 .16% -.14*
6. Emotional exhaustion 2.77 1.51 13 -71 .92 .67** .03
7. Cynicism 1.84 1.62 .80 -.14 .90 -.14
8. Efficacy with studies 3.80 1.32 -.48 -.34 .86

Note: M= Mean, SD= Std. deviation, S= Skewness, K= Kurtosis, a= Cronbach’s index, *p<.05,**p<.01

The categorisation process identified seven technostress profiles based on students’ levels of anxiety,

fatigue, scepticism, inefficacy with technologies, and addiction: Profile 1, Techno-anxious; Profile 2, Tech-

no-fatigued; Profile 3, Techno-addicted; Profile 4, Techno-anxious-fatigued; Profile 5, Techno-anxious-ad-
dicted; Profile 6, Techno-fatigued-addicted; Profile 7, Techno-anxious-fatigued-addicted. A total of 51.1% of
students did not meet the criteria into any of the seven profiles.

To examine potential differences in burnout across these profiles, a one-way analysis of variance (ANO-

VA) was conducted. However, the results did not indicate any statistically significant differences in emotion-
al exhaustion (F = 0.464, p = .802), cynicism (F = 0.325, p = .897), or academic efficacy (F = 0.658, p = .656)
across the profiles. It should be noted that Profile 6 (Techno-fatigued-addicted) included only one partici-

pant; therefore, it was excluded from the ANOVA due to insufficient sample size.

TABLE 2. Descriptive analysis for student burnout in the 7 profiles of technostress

Variables Emotional exhaustion Cynicism Efficacy with studies
Profile % M SD M SD M SD

Profile 1, Techno-anxious 1.3 2.53 0.64 1.50 1.50 3.78 1.35
Profile 2, Techno-fatigued 9 2.10 0.99 1.63 1.24 3.67 1.41
Profile 3, Techno-addicted 34.5 3.24 1.52 2.27 1.77 1.23 1.23
Profile 4, Techno-anxious-fatigued 3.6 2.85 141 1.63 141 421 0.75
Profile 5, Techno-anxious-addicted 1.8 1.52 1.52 2.31 2.59 3.21 1.33
Profile 6, Techno-fatigued-addicted 4 3.00 - 1.75 3.5 -

Profile 7, Techno-anxious-fatigued-addicted 6.3 2.91 1.80 2.18 1.92 3.50 1.74
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3.2. Qualitative results

As shown in Table 3, the different technostress profiles perceive both positive and negative aspects of using

ICT. Students with a techno-fatigue profile view ICT as beneficial in areas such as calculations, teaching, and

communication, while also highlighting challenges such as difficulties concentrating during digital reading

and mental and visual fatigue caused by prolonged device use.

TABLE 3. Categories by technostress profiles. What is your opinion on the use of technology during your studies?

Profile Category

Emerging Subcategory

Positive perceptions

« Usefulness in mathematical calculations
« Facilitates academic work
« Facilitates communication

Example: “/ think they are necessary (...) for certain calculations. Also, for teaching
and making video conferences. (S5)

Tecno-fatigued

Negative Perceptions

« Difficulty concentrating
« Preference for physical format for studying
+ Mental and visual fatigue

Example: “When | read an article or a book, if | do it digitally, | am unable to keep
my focus on what | am reading (...) After using technology for a while, when | want to
refocus on my studies, I first need to rest, my eyes and mind. | need to have the article
in physical form in order to study it well.” (S5)

Positive perception

« Access to educational resources

« Facilitation of collaboration

« Optimisation of time management

« Improvement in learning quality

Example: “Technologies are very useful (...) | have access to digital books and arti-

cles.” (ST); “I believe they facilitate and optimise tasks. For me, it’s all advantages
because everything is very accessible.” (S33)

Techno-addict

Negative perception

« Mental and physical fatigue

« Distractions and lack of concentration
« Information overload

« Privacy concerns

« Concerns about excessive use

Example: “You spend a ot of time with electronic devices... and it ends up ex-
hausting you mentally and physically.” (S11); “They generate physical and mental
exhaustion.” (S22);”You can get distracted by looking at anything.” (S28); “Technolo-
gies represent a work monitoring that can border on a lack of privacy.” (S39)

Positive perceptions

Techno-

« Facilitate academic work
« Accessibility and flexibility

Example: “They make it much easier to create assignments.” (S87); “It can be useful
since it allows all students to have the same material at hand.” (S83)

anxious-
fatigued

Negative perceptions

« Fatigue
« Concern about replacing traditional methods
« Lack of effort

Examples: “I feel more tired after using technology for so long.” (S85); “It’s useful, but
it should never completely replace physical or in-person materials.” (S89)
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+ Necessary for professional development

. . » Facilitate academic work
Positive perception . .
Example: “For my career, translation, they are completely necessary for our professio-

Techno- nal future.” (S91); “It’s really a great help and makes the job easier...” (S92)
anxious-
addicted « Concern about future availability

X X « Discomfortin use
Negative perception ) . . .
Examples: “The impermanence and future availability” (S94); “(...) its use sometimes

drives you a little crazy” (S92)

« Facilitate academic work
« Accessibility and flexibility
« Facilitate communication

Positive perception Examples: “The use of technology during studies is very useful because it saves pa-
per, space, and weight... It also allows quick communication with professors and
classmates.” (S97); “Technological resources are very good because they facilitate
the work and are accessible.” (S102)

Techno-anxious-

. . » Physical and visual fatigue
fatigued-addicted

+ Dependence on technology
« Technical and connection issues
+ Anxiety

Negative perceptions - Frustration
Examples: “/ feel that they take a lot of my energy and my eyes get tired, in fact, I've
started wearing glasses because of it.” (5100); “Creating dependency on technology
is very easy, we literally just finished studying or taking notes, meaning 2 or 3 hours in
front of the computer, and right after we pick up the phone...” (S105)

Students with a techno-addict profile highlight the educational benefits of using ICT, such as increased
accessibility to resources and improved communication and collaboration. However, they also acknowledge
the negative aspects, such as privacy issues, information overload, excessive use of technology, mental and
physical fatigue, distractions, and decreased concentration.

Students with a techno-anxious-fatigued profile combine positive perceptions, such as ease and efficien-
cy, with concerns about technology replacing traditional methods and encouraging passive learning. They
also report experiencing mental and physical fatigue due to excessive use.

Students with a techno-anxious-addicted profile recognise the usefulness of technology for academic
and professional tasks, but express concerns about its impermanence, the constant need to adapt to new ICT,
and the uncertainty regarding its future availability. Those students in the techno-anxious-fatigued-addicted
profile appreciated the positive role of ICT in facilitating academic tasks, enhancing accessibility, and impro-
ving communication.

At the same time, they were aware of the potential negative impacts including performance disruption
due to technical failures or connectivity issues, increased information overload, technological dependence,
visual fatigue, anxiety, and frustration.

As shown in Table 4 (see next page), students’ reported difficulties with technology vary according to their
technostress profiles. Students with a techno-fatigued profile primarily emphasised the need for additional
training, citing a lack of proficiency in specific software tools. They also reported experiencing information
overload, which negatively affected their concentration. Similarly, students with a techno-addicted profile ex-
pressed frustration from not knowing how to use specific tools and being distracted by prolonged technology
use. Additional difficulties included coping with constant system updates and restricted access to essential
resources, often due to financial barriers or limited availability of devices.
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TABLE 4. Categories by technostress profiles. What do you think are the reasons for the difficulties in using technologies?

Profile Category

Description

Training needs

« Lack of skills to use certain software programs.

Example: “/ want everything done for me without having to read how to use a
program correctly.” (S5)

Techno-fatigued Information overload

« Feeling of saturation caused by excessive information.
Example: “Sometimes an excess of information causes me to lose focus.” (S5)

Distractions

+ Problems arising from lack of concentration due to technology.
Example: “Technologies cause me to lose focus.” (S5)

Training needs

« Lack of knowledge to use specific technological tools.

Example: “We haven’t been taught how to use them.” (S12); “I lack training in spe-
cific programs, in general.” (S8); “Little knowledge about their use, learning in a
self-taught way.” (S66)

Information overload

» Feeling of saturation caused by excessive information and excessive usage time.

Example: “Sometimes they overwhelm me a bit.” (S39); “The distraction from the
original focus as time goes on.” (S81).

Constant updates
Techno-addict

« Difficulty adapting to technological advancements, such as artificial intelligence.

Example: “The constant changes in technology, lately it happens to me with arti-
ficial intelligence.” (S40)

Distractions

+ Problems arising from lack of concentration or distraction when using tech-
nologies.

Example: “The distraction from the original focus as time passes.” (S81); “l waste
time with different platforms, etc.” (S63)

Lack of access to specific

resources

« Limitations due to the absence of programs, licenses, or necessary educatio-
nal resources.

Example: “/ need specific qualitative analysis programs, but | don’t have access to
them because the university doesn’t pay for the license.” (S34); “Sometimes it’s not
easy to access them because they require subscriptions.” (S68)

Training needs

« Lack of knowledge and skills to use software programs.

Example: “/ struggle when | don’t have a good grasp of programs.” (S84); “The
little training on programs that are constantly updated.” (S85); “Anxiety due to in-
security about participating in something | don’t know.” (S87)

Techno-

anxious- « Difficulty adapting to the constant technological evolution.

fatigued Constant updates . R
Example: “To the constant evolution of them.” (S88)

i . « Lack of motivation to use technology.
Lack of interest in technology ) . . N N
Example: “Due to a lack of interest in technology and its use.” (S86); “Low usage.” (S91)
« Problems with the functionality of technological tools.
Technical problems Example: “Sometimes, especially in career-specific apps, the interfaces are very

old and hard to understand.” (592)

Techno-

anxious- . . -

addict « Technology facilitates academic work, but some users express distrust

Technological distrust

toward its use.

Example: “/ feel distrust toward them, and it biases me when interacting with
them.” (S95)

Training needs
Techno-anxious-

« Lack of knowledge and skills to use technologies, and lack of information.

Example: “Lack of technological skills.” (S99); Lack of formation.” (S110)

fatigued-addict
Constant updates

« Difficulty adapting to rapid technological changes.

Example: “Lately everything moves so fast, and we can’t fully adapt.” (S109)
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Students classified under the techno-anxious-fatigued profile described increased anxiety when using
unfamiliar programs and difficulties in adapting to frequent updates. This, combined with a lack of interest,

leaded to reduced motivation to use technology.

Students within the techno-anxious-addicted profile reported technical issues, such as software mal-

functions and outdated interfaces, along with a general mistrust of technology.

Finally, those in the techno-anxious-fatigued-addicted profile identify a lack of digital knowledge and
skills as the main source of difficulty, further intensified by the ongoing need to adapt to constant techno-

logical updates.

4. DISCUSSION

This study adopted a mixed-method approach to provide a comprehensive understanding of the impact of
technology on Spanish university students, addressing three research questions.

Regarding RQ1, our findings lead to a twofold conclusion. On the one hand, approximately half of the
sample met the full criteria for at least one technostress profile, indicating that one in two students expe-
rienced some form of technostress. It is worth noting that this figure only includes those who fully met the
criteria and does not account for the students who scored high or moderately high on individual dimensions
and may be a risk. These prevalence results are consistent with previous studies. For instance, Suria (2023)
reported that 53.9% of student presented high levels of technostress.

On the other hand, although previous research has attempted to classify technostress profiles (Diaz-
Lopez et al., 2020; Ficapal-Cusi et al., 2024; Rosa et al., 2025), none have proposed a categorisation as com-
prehensive as the one presented here, which conceptualises technostress as a mixed experience from the
student perspective. Our study identified seven different profiles: three “pure” types (Techno-anxious, Tech-
no-fatigued, and Techno-addicted) and four mixed types (Techno-anxious-fatigued, Techno-anxious-ad-
dicted, Techno-fatigued-addicted, and Techno-anxious-fatigued-addicted).

These results are in line with the three theoretical premises guiding this research. First, the identifica-
tion of mixed profiles reinforces the idea that technostress is not a unidimensional phenomenon but rather
a co-occurrence of states such as anxiety, fatigue, and compulsive technology use. This is supported by
previous findings showing significant correlations between anxiety and fatigue (Kim & Kang, 2017; van Dam,
2016; Villanueva Ramirez et al., 2023) and by evidence suggesting a reciprocal relationship between anxiety
and technology-related addictions (Fekih-Romdhane et al., 2023).

Second, the diversity of profiles may reflect differences in domain-specific self-efficacy, which, accord-
ing to Social Cognitive Theory (Bandura, 1997), shapes how individuals perceive and respond to technolog-
ical demands. As shown by Levante et al. (2025) and Chang et al. (2024), specific types of self-efficacy, such
as efficacy for online teaching or technical problem-solving, can buffer the emotional impact of technos-

tress and influence whether stressors are interpreted as challenges or hindrances.

Third, the coexistence of emotional and behavioural patterns within profiles is consistent with the trans-

actional model of stress (Lazarus & Folkman, 1984), which posits that stress results from the interaction
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between perceived demands and coping resources. This framework helps explain how students may simul-
taneously engage in emotion-focused coping (e.g., avoidance, frustration) and problem-focused coping
(e.g., compulsive use to meet academic requirements), supporting the notion of technostress as a dynamic

and multidimensional experience (Sharma & Gupta, 2023).

Concerning RQ2, although the literature consistently reports a positive association between technos-
tress and burnout (Galvin et al., 2022), our data showed that burnout did not significantly differentiate be-
tween the identified technostress profiles. This may be because burnout reflects a broader and more long-
term outcome of technostress (Li, 2025; Llorens et al., 2007). As noted by Nastjuk et al. (2023), psychological
responses to technostress tend to emerge earlier, while behavioural outcomes such as burnout require
prolonged exposure. From a methodological perspective, the instrument used (MBI-SS) may have lacked the
sensitivity to detect subtle profile differences, particularly in a sample with low variability. Recent work has
shown that broader tools like the Burnout Assessment Tool (BAT) provide more comprehensive coverage of
burnout dimensions (Schaufeli et al., 2020). While recent studies have explored technostress (Ficapal-Cusi
et al., 2024; Rosa et al., 2025) and burnout profiles (Boone et al., 2022), integrated approaches remain rare.
Finally, individual factors such as digital self-regulation (Hromalik & Koszalka, 2018) or personality traits

(Pfliigner et al., 2021) may further shape how technostress and burnout are experienced.

Finally, RQ3 revealed varied perceptions regarding ICT use across different techno-stress profiles. Al-
though the more integrative profiles (i.e., those including multiple dimensions of technostress) shared some
perceptions, students’ views showed meaningful differences. Those with a techno-fatigue recognised tech-
nology benefits in areas such as mathematical calculations, teaching, and communication, but highlighted
difficulties including lack of software training and information overload. Prolonged digital device exposure
caused mental and visual fatigue along with concentration difficulties. These findings align with research
showing that information overload can induce “information fatigue,” affecting cognitive processing and po-
tentially leading to anxiety and reduced decision-making quality (Ji, 2023), while negatively impacting aca-

demic performance and creating burnout (Subramanyam et al., 2013).

Students with techno-anxious-fatigued profiles expressed exhaustion from constant ICT use and con-
cerns about technology replacing traditional teaching methods, potentially fostering passive learning atti-
tudes. Their lack of interest combined with insecurity from unfamiliarity with certain programs aligns with
research highlighting digital skills deficiency as a key obstacle to digital transformation (Ala-Mutka, 2011).
Mental fatigue further affects willingness to learn new digital tools (Miiller et al., 2021).

In contrast, techno-addiction students expressed a more negative view of excessive technology use. While
acknowledging ICT benefits in education, they identified problems like information overload leading to men-
tal and physical fatigue, and distractions (Aziz et al., 2024). Students with a techno-anxious-addicted profile
perceived that excessive ICT use and adaptation to technological innovations causes anxiety. This constant
need for updates and compulsive technology use aligns with the techno-addict profile characteristics (Llorens
etal., 2011). Similarly, research with higher education teachers found excessive classroom technology led to
technological fatigue and stress from adapting to constant digital tool changes (Halupa & Bolliger, 2020).

Lastly, students with a combined profile of techno-fatigued-addicted perceived both positive and nega-

tive aspects, as seen in the previous profiles, with particular emphasis on visual fatigue caused by excessive
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ICT use. Previous studies have shown that prolonged digital screen exposure can trigger symptoms includ-

ing eye strain, dry eyes, and headaches (Halim et al., 2024).

5. CONCLUSIONS

This study provides an innovative perspective on technostress among university students by identifying
seven distinct profiles based on combinations of anxiety, fatigue, and technological addiction. These pro-
files reflect not only varying degrees of discomfort but also differences in emotional appraisal and coping
processes, suggesting that technostress is not a homogeneous experience but rather a diverse and con-
text-dependent phenomenon (Lazarus & Folkman, 1984; Sharma & Gupta, 2023).

Unlike previous studies that have focused on more general approaches (Diaz-Lopez et al., 2020; Fica-
pal-Cusi et al., 2024; Rosa et al., 2025), this work adopts a person-centered approach by combining quanti-
tative analysis with a qualitative exploration that directly incorporates students’ voices. This mixed-meth-
ods strategy allows for a deeper understanding not only of the impact of technostress but also of how
students perceive and experience it, thereby enhancing both the ecological validity and practical rele-

vance of the findings.

From an applied perspective, the results underscore the importance of designing targeted interventions
tailored to each identified profile. For instance, students with techno-anxious or techno-fatigued profiles
may benefit from socio-emotional development programs, while those with a techno-addicted profile may
require interventions focused on digital time management and the promotion of healthy digital habits (Llo-
rens et al., 2011).

At the institutional level, these findings may inform the design of personalised training strategies and
support policies aimed at mitigating the effects of technostress on students’ academic experiences. In this
regard, the literature supports the implementation of a comprehensive techno-pedagogical approach that
not only facilitates the effective integration of technology into educational settings but also promotes ro-
bust digital competence training. Such interventions have been shown to enhance academic performance
and significantly reduce levels of techno-anxiety (Martinez-Marquez et al., 2025; Mufioz et al., 2017).

Moreover, the need to foster a more conscious, balanced, and healthy use of digital technologies is em-
phasised. This includes practices such as taking regular breaks, limiting screen time, and engaging in critical
reflection on digital habits. Adopting these practices may help prevent mental and visual fatigue and con-
tribute to students’ overall well-being. These findings could inform the implementation of concrete actions
within university psychological and academic counselling services, aimed at creating more sustainable and

student-centred learning environments.

Taken together, this study reinforces the importance of addressing technostress through a comprehen-
sive and multidimensional lens that simultaneously considers personal, emotional, and contextual factors.
The implications of this research open new avenues for the development of more inclusive, preventive, and
responsive educational policies, aligned with the evolving demands of increasingly digitalised academic

environments.
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5.1. Limitations and Future Research

Some limitations of the present study should be noted. First, a convenience sample was used, which might
restrict the generalisability of these findings. However, the sample is heterogeneous because it includes stu-
dentsfromdifferent universities, fields of study, and degrees. Second, sample size could be considered small,
especially when participants need to be classified into profiles; therefore, future research should use larger
sample to replicate the findings. Third, data were collected from self-report measures, which might have
caused common method variance bias. However, considering the nature of the psychological experiences
evaluated (i.e., technostress, student burnout), it is difficult to employ other measures (e.g., objective). Fi-
nally, although our research focused on documenting technostress profiles and the relation with student
burnout and perceptions of the use of ICT during their studies, future research should examine other discri-
minant variables such as sociodemographic (e.g., age differences, Tomczyk et al., 2023), psychological (e.g.,
Psycap, Pefialver et al., 2024), and physical (e.g., biomarkers, Mishra & Rasticova, 2024).
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RESUMEN

El presente estudio aborda la evaluacidn de los efectos del aprendizaje basado en el desarrollo de videojuegos (Game
Development-Based Learning, GDBL) en la motivacion de los estudiantes para aprender programacion de computadores
en un curso de Programacién Orientada a Objetos (POO). Inicialmente, se llevé a cabo un proceso de seleccién de un Game
Development Framework (GDF) que tuviera un enfoque académico y un rendimiento adecuado, seleccionando Python
Arcade. Posteriormente, se disefié una intervencién educativa adaptando el cronograma y los materiales del curso para
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implementar un ambiente de aprendizaje basado en GDBL. El estudio se realizé mediante un enfoque explicativo secuen-
cial mixto, con la participacién de 33 estudiantes. La motivacion de los estudiantes se caracterizé cuantitativamente me-
diante el cuestionario MSLQ-Colombia antes y después de la intervencidn, y cualitativamente a través de una encuesta de
percepcion aplicada al final del curso. Aunque el analisis cuantitativo no mostré cambios significativos en la motivacion,
el andlisis cualitativo reveld efectos en la motivacion intrinseca, el control del aprendizaje, las expectativas de autoeficacia
y una reduccion de la ansiedad. No obstante, algunos participantes indicaron limitaciones del GDBL, entre ellas, que no
lograron percibir su aplicabilidad en diversos ambitos de la programacién de computadores. Los estudiantes otorgaron
una valoracién positiva en lo que respecta al disefio del juego, la personalizacidn y el producto final. Estos hallazgos apun-
tan a la potencialidad del GDBL en el fortalecimiento de los aspectos motivacionales y la promocion de la autonomia en el
proceso de aprendizaje. Se recomienda que en futuras investigaciones se ponga especial cuidado a la integracion que se
haga del GDBL dentro del curriculo y se compare con métodos tradicionales para evaluar su eficacia.

PALABRAS CLAVE aprendizaje basado en el desarrollo de videojuegos, motivacién en el aprendizaje, aprendizaje de la pro-
gramacion de computadores, aprendizaje autorregulado

ABSTRACT

The present study assesses the effects of Game Development-Based Learning (GDBL) on students’ motivation to learn
computer programming in an Object-Oriented Programming (OOP) course. Initially, a selection process of a Game Develo-
pment Framework (GDF) that had an academic focus and adequate performance was carried out, selecting Python Arcade.
Subsequently, an educational intervention was designed by adapting the course schedule and materials to implement a
GDBL-based learning environment. The study employed a mixed sequential explanatory approach, with the participation
of 33 students. The quantitative analysis of student motivation was conducted using the MSLQ-Colombia questionnaire,
administered before and after the intervention, while the qualitative analysis was facilitated through a perception survey
administered at the conclusion of the course. While the quantitative analysis revealed no significant changes in motiva-
tion, the qualitative analysis indicated effects on intrinsic motivation, learning control, self-efficacy expectations, and a
reduction in anxiety. However, some participants indicated limitations of the GDBL, including a perceived lack of applica-
bility in various areas of computer programming. Conversely, students expressed satisfaction with aspects such as game
design, customization, and the final product. These findings suggest that GDBL has the potential to enhance motivational
aspects and promote autonomy in the learning process. It is recommended that future research attention be paid to the
integration of GDBL within the curriculum and compare it with traditional methods to evaluate its effectiveness.

KEYWORDS Game Development-Based Learning (GDBL), Learning Motivation, Computer Programming Learning, Self-Re-
gulated Learning

1. INTRODUCCION

La programacion de computadores es esencial en multiples disciplinas, aumentando la demanda de pro-
fesionales en este campo. Esta tendencia ha llevado a que diversos programas universitarios, incluso fuera
de la ingenieria de computacion, incluyan cursos de programacion (Abidin & Zaman, 2017; Otake & Uetake,
2017). En estos cursos, los estudiantes enfrentan desafios como la comprensién de problemas, la aplicacidn
de conocimientos tedricos, la descomposicion de tareas, la codificacion y el ajuste de soluciones (Martins
et al., 2018). Sin embargo, la complejidad de este proceso y las competencias requeridas generan dificul-
tades que reducen la motivacidn, incrementan la frustracion y pueden afectar el rendimiento académico

o provocar el abandono (Azmi et al., 2017; Waweru et al., 2020). En particular, la desmotivacién limita la
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adquisicién de habilidades clave como légica de programacion, pensamiento algoritmico, resolucién de
problemas y comprension de conceptos abstractos, reflejandose en resultados insatisfactorios (Otake &
Uetake, 2017).

Para abordar estos desafios, la investigacion educativa en ingenieria ha adoptado estrategias didacticas
y entornos de aprendizaje que mejoren la ensefianza de la programacion (Amro & Romli, 2019; Malik et al.,
2020; Piteira et al., 2017). Destaca el uso de herramientas cercanas a los estudiantes, como los videojuegos,
adoptando el desarrollo o modificacion de éstos como recurso didactico. Esta estrategia es conocida como
Game Development-Based Learning (GDBL) (Wu & Wang, 2012). Algunos estudios indican que el GDBL me-
jora la motivacion estudiantil (Torres-Toukoumidis et al., 2020), facilita la visualizacion de beneficios a largo
plazo de la programacidn, incluso en términos profesionales (Kafai & Burke, 2015), y fomenta competencias
transversales como pensamiento critico, trabajo en equipo y conocimiento interdisciplinario (Sevilla et al.,
2012). En contextos educativos de otras areas de conocimiento también se ha encontrado que el desarrollo
de videojuegos tiene efectos positivos en diversas competencias transversales relevantes para el aprendiza-
je integral de los estudiantes. La creatividad se ve significativamente impulsada, ya que el disefio de jue-
gos exige la generacion de ideas originales en la narrativa, la mecanica y los elementos visuales y sonoros
(Pala, 2024). Asimismo, el proceso de creacién involucra el desarrollo del pensamiento critico al requerir
la resolucién de problemas técnicos y de disefio, la toma de decisiones y la evaluacién constante del pro-
totipo (Gonzalez & Alvarez, 2022; Pala, 2024). La alfabetizacién tecnolégica también se fortalece de manera
inherente, abarcando desde la comprensién de principios digitales hasta el manejo de herramientas de
desarrollo, incluyendo potencialmente aplicaciones de video y escritura (Pala, 2024). Ademas, el trabajo
colaborativo que a menudo implica el desarrollo de videojuegos fomenta la comunicacién y la colaboracion
entre los participantes (Gonzalez & Alvarez, 2022; Kapoor & Sohi, 2024; Pala, 2024). Finalmente, la necesidad
de planificar, ejecutar y probar el videojuego contribuye al desarrollo de la autonomia y la capacidad de

gestion de proyectos (Pala, 2024).

Sin embargo, a pesar del potencial de GDBL falta evidencia empirica sobre su impacto en el aprendizaje
de programacion de computadores (Bewer & Gladkaya, 2022). La literatura es aln limitada, dificultando
una comprension completa de sus beneficios y limitaciones (de A. Souza et al., 2018; Kafai & Burke, 2015).
En este sentido, de A. Souza et al. (2018) subrayan la necesidad de mas estudios sobre sus efectos educa-
tivos y Kafai y Burke (2015) advierten que la escasez de investigaciones empiricas limita los hallazgos dis-
ponibles y la fundamentacion de enfoques especificos. En consecuencia, consolidar el GDBL como estrate-
gia de ensefianza requiere mas estudios que optimicen sus técnicas de aplicacién (Bewer & Gladkaya, 2022).
Kafai y Burke (2015) destacan la importancia de investigar el disefio de juegos, el trabajo colaborativo, las
aplicaciones en lineay el impacto del GDBL en distintos contextos, considerando factores como motivacion,

edad de los estudiantes y tiempo de uso de las herramientas.

Para contribuir con evidencia empirica sobre el GDBL, este estudio analiza sus efectos en la motivacién
estudiantil dentro de un entorno de aprendizaje de programacion basado en la construccidn de videojue-
gos. La motivacion es clave en el aprendizaje, pues influye en el compromiso, la persistencia, la confianza 'y
el rendimiento académico (Fincher & Robins, 2019). No obstante, los métodos tradicionales han mostrado

un impacto limitado en la motivacién (Sugano & Manolo, 2021). Se espera que un entorno basado en GDBL
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fomente la motivacién en el aprendizaje de la programacion (Corvalan et al., 2020). A partir de ello, surge la
pregunta de investigacion: ;Cual es el efecto de un entorno de aprendizaje de programacién de computado-

res basado en la construccidn de videojuegos (GDBL) sobre la motivacion de los estudiantes?

2. MARCO CONCEPTUAL

2.1. Motivacién por aprender

La teoria constructivista del aprendizaje enfatiza la construccidn y refinamiento de modelos mentales a tra-
vés de la experiencia, promoviendo un aprendizaje activo y autonomo mediante la observacion, repeticién
y practica (Kafai & Burke, 2015). Este enfoque sostiene que la motivacién del estudiante es clave para lograr
la autorregulacion del aprendizaje (Self-Regulated Learning, SRL). Aunque establecer metas y monitorear el
progreso es responsabilidad del estudiante (Zimmerman, 2002), la autorregulacién depende de entornos
que fomenten la motivacion para activar este proceso auténomo (Sugano & Manolo, 2021).

La motivacion para aprender comprende factores psicoldgicos que favorecen el compromiso y la per-
severancia (Fincher & Robins, 2019). Es central en el aprendizaje, pues integra la autoeficacia percibida, el
valor asignado a las tareas y aspectos afectivos, como la ansiedad ante evaluaciones (Gopalan et al., 2020).
Por lo tanto, no es un elemento aislado, sino un conjunto de metas, deseos y creencias personales que
interactlan en el aprendizaje. La teoria de la autorregulacién (Pintrich & de Groot, 1990) define sus com-
ponentes: (i) valoracion de la tarea (importancia, utilidad e interés atribuidos); (ii) orientacién hacia metas
intrinsecas (deseo genuino de aprender); (iii) orientacidn hacia metas extrinsecas (aprendizaje por razones
externas); (iv) expectativas de autoeficacia en el aprendizaje (confianza en la capacidad de aprender); (v)
expectativas de autoeficacia en el rendimiento (confianza en el éxito en evaluaciones); (vi) creencias de
control sobre el aprendizaje (atribucion del éxito al esfuerzo personal); y (vii) ansiedad ante evaluaciones

(grado de nerviosismo o preocupacion) (Pintrich & de Groot, 1990).

Ademas, investigaciones recientes sugieren una estrecha relacién entre el pensamiento critico y el
aprendizaje autorregulado en entornos digitales. Denoni Bujan y Cebollero Salinas (2025) encontraron que
las competencias en linea pueden favorecer la disposicion al pensamiento critico de los estudiantes univer-
sitarios. Dado que el aprendizaje autorregulado implica la capacidad de evaluar y seleccionar informacion
relevante, asi como de interactuar con otros de manera efectiva, el desarrollo del pensamiento critico se
convierte en un componente esencial para promover un aprendizaje autbnomo y motivado en entornos de

aprendizaje basado en el desarrollo de juegos.

2.2. Game Development-Based Learning (GDBL)

La estrategia educativa basada en videojuegos se fundamenta en el constructivismo, considerando que la
participacion activa del estudiante en la creacidn de recursos facilita el aprendizaje y profundiza la com-
prension de las herramientas tecnoldgicas, sus propdsitos y aplicaciones (Kafai, 2006). Desde esta perspec-

tiva surge el aprendizaje basado en desarrollo de juegos (GDBL, Game Development Based Learning), cuyo
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objetivo es que los estudiantes adquieran habilidades mediante la creacion o modificacion de videojuegos
en entornos audiovisuales (Wu & Wang, 2012). El GDBL emplea herramientas visuales, dindmicas y elemen-
tos narrativos para fomentar la formulacidén de problemas y el desarrollo de soluciones (Chiazzese et al.,
2018), permitiendo abordar multiples tematicas y brindando exposicion directa a los ciclos de desarrollo en
programacion (de A. Souza et al., 2018). Ademas, sit(a a los estudiantes en un rol activo en la ejecucion de
proyectos, lo que facilita el aprendizaje de programacion, especialmente en principiantes (Serrano-Laguna
et al., 2015). Estudios sefialan que el GDBL promueve estudiantes mas activos, favoreciendo la autorregula-
cion del aprendizaje, con una gestién del tiempo mas eficiente, mayor interaccién social y mejores resulta-
dos académicos (Mayo, 2007; Kafai, 2006; Kafai & Burke, 2015; Wang & Wu, 2009).

Investigaciones adicionales evidencian que la construccidn de videojuegos potencia la motivacion, la
exploracion y la expresidn personal (Bewer & Gladkaya, 2022; Torres-Toukoumidis et al., 2020; Wu & Wang,
2012). Especificamente, se ha encontrado que el GDBL influencia positivamente los diferentes elementos
constitutivos de la motivacion por aprender: la valoracidn de la tarea por el interés que suscita el disefio y
desarrollo de videojuegos, asi como por la utilidad percibida al adquirir conocimientos y habilidades de
manera practica y creativa (Wu & Wang, 2012). La naturaleza motivadora de los juegos digitales (Gonzalez
& Alvarez, 2022) debido al entusiasmo que despiertan en los estudiantes fomentan una orientacién hacia
metas intrinsecas, impulsando un deseo genuino de aprender a través de la creacién de videojuegos (Wu &
Wang, 2012). Aunque la orientacién hacia metas extrinsecas no es el foco principal, la posibilidad de obtener
resultados tangibles y la presentacion de proyectos pueden generar motivacion externa. Las expectativas
de autoeficacia en el aprendizaje se fortalecen al permitir a los estudiantes construir productos significa-
tivos y experimentar el aprendizaje de forma activa y autodirigida (Wu & Wang, 2012), mientras que las ex-
pectativas de autoeficacia en el rendimiento pueden aumentar al visualizar los juegos desarrollados como
evidencia concreta de sus capacidades (Wu & Wang, 2012). Las creencias de control sobre el aprendizaje se
ven favorecidas por la participacion activa en el disefio y la capacidad de tomar decisiones durante el pro-
ceso de desarrollo (Pala, 2024). Finalmente, el enfoque lidico y creativo del GDBL podria potencialmente

disminuir la tensién asociada a los procesos de evaluacion del aprendizaje tradicional.

En la discusion sobre los beneficios del GDBL, es importante considerar las ventajas que los videojuegos
aportan a la educacion en diferentes niveles. Mielgo-Conde et al. (2022) realizaron una revisidn sistematica
que destaca como los videojuegos en la educacion primaria favorecen la atencidn, la concentraciony la res-
olucion de problemas. Ademas, Pala (2024) examind el impacto del uso de juegos digitales en el aprendizaje
de historia en la educacién secundaria. Su estudio enfatiza la influencia positiva de los juegos en el éxito
académico y el pensamiento creativo. Estos trabajos contextualizan alin mas el impacto del GDBL, mostran-

do como los juegos pueden ser una herramienta efectiva para aumentar la motivacion de los estudiantes.

3. MATERIALES Y METODOS

Este estudio analiz6 los efectos de un entorno de aprendizaje de programacidn basado en el desarrollo de
videojuegos (variable independiente) sobre la motivacidn por aprender de los estudiantes (variable depen-
diente). Para ello, se disefid un estudio de caso con estudiantes de una asignatura centrada en la ensefianza
y aplicacion de fundamentos de programacion, incorporando GDBL en la metodologia.
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3.1. Participantes

El estudio involucré a 33 estudiantes de la asignatura Programacion Orientada a Objetos (POO), impartida
en modalidad remota en el periodo 2023-2 en la Universidad Nacional de Colombia - Sede Bogota. La asig-
natura se desarroll6 en dos sesiones semanales de 6:00 a 8:00 a.m. durante 16 semanas. Este curso tedrico-
practico aborda tematicas basicas de programacion de computadores que pueden aplicarse, entre otras,
al disefio y desarrollo de videojuegos. La seleccidn de los participantes de este estudio se realizé mediante
un muestreo no aleatorio por conveniencia, debido a que los estudiantes que participaron inscribieron la
asignatura de manera auténoma en funcién de sus intereses particulares, por ejemplo, la conveniencia
de horario. Ademas, se adopté un disefio de estudio de caso debido a la imposibilidad de contar con una
muestra mas amplia que permitiera, por ejemplo, un disefio cuasiexperimental con grupos de control y
experimental. A pesar de que este tipo de disefio de investigacion limita la posibilidad de extrapolar los
resultados a otros contextos, los hallazgos aportan evidencia empirica relevante y establecen bases para

futuras investigaciones.

Los participantes se distribuyeron en: 14 de ingenieria industrial (42.4 %), 9 de ingenieria de sistemas y
computacion (27.3 %), 5 de ingenieria mecatrénica (15.2 %) y 5 de ingenieria electrénica (15.2 %). La edad

promedio fue de 22 afios; 26 eran hombres (79 %) y 7 mujeres (21 %).

3.2. Instrumentos de caracterizacion

El estudio siguid un disefio mixto secuencial explicativo [QUAN > qual]. Se recolectaron datos cuantitati-
vos (QUAN) mediante el cuestionario de autoinforme MSLQ-Colombia para caracterizar la motivacion por
aprender (Ramirez-Echeverry et al., 2016). Luego, se obtuvieron datos cualitativos (qual) a través de una
encuesta con preguntas abiertas, enfocadas en explorar la motivacion, la experiencia educativa de los estu-

diantes en el ambiente de aprendizaje basado en GDBL y la retroalimentacion sobre dicho entorno.

3.2.1. MSLQ-Colombia

El Motivated Strategies for Learning Questionnaire (MSLQ), desarrollado por Pintrich et al. (1991) y validado
para Colombia por Ramirez-Echeverry (2017), es una herramienta ampliamente utilizada para evaluar la
motivacion y las estrategias de aprendizaje. Su versidn colombiana, MSLQ-Colombia, consta de 75 items
organizados en dos escalas: motivacion y estrategias de aprendizaje, con respuestas en una escala Likert de
siete puntos (1-7), que reflejan el nivel de competencia en cada estrategia. Este estudio empled los 30 items
de la escala de motivacidn, definida en el marco de la teoria de autorregulacion del aprendizaje.

El MSLQ-Colombia evalla siete aspectos de la motivacién: (1) Valoracion de la tarea: percepcidn de util-
idad, importancia e interés del contenido; (2) Metas intrinsecas: motivacion impulsada por curiosidad y de-
seo de aprender; (3) Metas extrinsecas: enfoque en logros externos como calificaciones o reconocimientos;
(4) Autoeficacia en el rendimiento: confianza en el éxito en evaluaciones; (5) Autoeficacia en el aprendizaje:
percepcion de competencias para aprender; (6) Control de aprendizaje: reconocimiento del esfuerzo per-
sonal en el aprendizaje; y (7) Ansiedad: niveles de preocupacion y nerviosismo en evaluaciones.
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3.2.2. Encuesta de percepcion

La encuesta abordo tres éreas: (1) Motivacion por aprender, con 14 preguntas: 7 en escala Likert sobre los
mismos aspectos motivacionales del MSLQ y 7 abiertas para justificar las respuestas; (2) Elementos del de-
sarrollo de videojuegos, donde los estudiantes evaluaron disefio grafico, narrativa, personalizacién, meca-
nicas de juego y el producto final; y (3) Retroalimentacidn, solicitando sugerencias para mejorar la estrate-
gia educativa. Antes de responder, los estudiantes recibieron informacién sobre el propdsito del estudio,
firmaron un consentimiento informado y se garantizaron acuerdos de confidencialidad. Las preguntas es-
pecificas pueden consultarse en este enlace.

3.3. Metodologia del estudio

Con base en Wang y Wu (2009) y Wu y Wang (2012), se plantearon cuatro fases para realizar este estudio

(ver Figura 1).

FIGURA 1. Metodologia del disefio del estudio
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3.3.1. Fase 1: eleccion del Game Development Framework (GDF)

Los entornos de desarrollo de videojuegos (Game Development Framework, GDF) son herramientas para
crear videojuegos, cuya complejidad varia desde bibliotecas y paquetes en lenguajes de programacion has-
ta entornos multipropdsito que soportan animaciones, graficos y audio para desarrollo profesional. Los en-
foques GDBL suelen emplear GDF existentes (Bewer & Gladkaya, 2022; Kafai & Burke, 2015; Serrano-Laguna
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et al., 2015). Bewer y Gladkaya (2022) clasifican los GDF en tres tipos seglin su complejidad: sin cédigo (e.g.,
Construct 2), basados en bloques (e.g., Scratch, Blocky, Game Salad) y basados en texto (e.g., Unity, libGDX,
Java ME SDK). Ademas, indican que los estudiantes de secundaria rinden mejor en entornos basados en
bloques, mientras que, en educacién superior, algunos destacan con lenguajes basados en texto, depen-

diendo de su experiencia previa y la complejidad del curso.

Dado lo anterior, la seleccion del GDF requiere un andlisis riguroso para implementar estrategias GDBL
efectivas. Wu y Wang (2012) proponen tres pasos: (1) identificacién de herramientas candidatas, (2) analisis
de caracteristicas y (3) aplicacidon de criterios de seleccion. En este estudio, se identificaron 16 herramientas
con las caracteristicas mostradas en la Tabla 1y, con base en Bewer y Gladkaya (2022), se definieron ocho
criterios para la seleccién del GDF méas adecuado:

1. Tipologia: basado en texto.

2. Entorno de desarrollo: flexible para multiples géneros de videojuegos.
3. Lenguaje de programacién: compatible con Python.
4

. Dificultad/conocimiento: dificultad media-baja de aprendizaje y/o conocimiento requerido,
orientado a PC.

5. Restricciones: alineado con objetivos académicos, sin limitaciones de género de videojuego.
6. Version: versiones recientes con soporte activo.

7. Documentacion: calidad evaluada en una escala de 0 a 4, considerando detalle de métodos, guias de
implementacién, ejemplos y enfoque académico.

8. Acceso: gratuito y funcional en hardware de gama baja.

TABLA 1. Matriz comparativa de los GDF candidatos para usar en el estudio

GDF Tipologia DD Lenguaje Dlﬁcylt_ad/ Restricciones Versién  Documentacion Acceso
desarrollo Conocimiento
Unity Text-based IDE c# Aval\‘lztzd°/ - 2023 3 Gratuito
s Text-based IDE Crt HEE g 2023 3 Gratuito
engine Alta
Cryengine  Text-based IDE C++ Ava;llizdo/ 2020 3 Gratuito
Arduino Text-based IDE C Basico/Media DISPOSI.t'VOS 2023 2 Gratuito
arduino

Java Text-based SDK Java Bésico/Media - 2023 2 Gratuito
ME SDK

Java,

Ruby,
SFML Text-based Libreria Python, Bésico/Baja - 2022 3 Gratuito

GO, C++,

C,.net
libGDX Text-based Libreria Java Basico/Baja - 2022 3 Gratuito
Impact.js Text-based Libreria Javascript  Bdsico/Baja - 2014 3 Gratuito
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GDF Tipologia AR Lenguaje Dlﬁcylt.ad/ Restricciones Versién  Documentacién Acceso
desarrollo Conocimiento
Phaser Text-based Libreria Javascript  Bdésico/Baja - 2023 3 Gratuito
e Text-based Libreria Python Basico/Bajo - 2023 4 Gratuito
Arcade
Construct2 Code-free IDE N/A Béasico/Media - 2021 3 Pago
Block- Entorno web
Blocky based Web N/A Basico/Baja con solo 2023 2 Gratuito
5 ejercicios
Block- - .
Game Salad b Web N/A Bésico/Baja - 2023 4 Pago
ased
Scratch Block: Web N/A Basico/Baja - 2023 4 Gratuito
based
Alice Block- IDE Java Basico/Baja - 2014 3 Gratuito
based
Pygame Text-based Libreria Python Basico/Baja - 2023 3 Gratuito

Como resultado, se seleccionaron tres candidatos: Python Arcade, PyGame y SFML. Python Arcade
mostré mejor rendimiento en pruebas de estrés (Craven, 2023), superando a PyGame en eficiencia de ren-
derizado y destacando por su documentacion educativa, como “Arcade Academy”. SFML fue descartado
por su dependencia de C++y escasa documentacion educativa. Asi, Python Arcade fue elegido por cumplir
con los criterios establecidos, ofrecer un enfoque académico y garantizar alto rendimiento en el desarrol-
lo de videojuegos. Python Arcade fue diseflado para crear juegos 2D en Python (Craven, 2023), usa Pyglet
(Holkner, 2006) y OpenGL (Woo et al., 1999) para graficos, sonido, entrada de usuario y colisiones, permi-
tiendo crear juegos completos de forma eficiente. Su simplicidad, enfoque académico y accesibilidad con-

solidan su eleccidn. En los siguientes enlaces se puede consultar mas informacion: Python Arcade Library

y Arcade Academy.

3.3.2. Fase 2: disefio de la intervencion

En esta fase se disefiaron los ejercicios, materiales e insumos entregados a los estudiantes durante la in-
tervencién educativa, siguiendo las recomendaciones de Wu y Wang (2012) para implementar GDBL en
el aula. Consta de tres pasos: (1) validacion del contenido del curso, (2) disefio de ejercicios y (3) disefio
de materiales e insumos. La intervencidn educativa se desarrollé en la asignatura POO de la Universidad
Nacional de Colombia, estructurada en cinco mddulos: (1) transicion de lo imperativo a lo orientado a
objetos, (2) introduccidn a la programacion orientada a objetos, (3) relacion entre clases, (4) herencia y
polimorfismo e (5) interfaces graficas de usuario. Se enfocd en los mddulos 2, 3 y 4, que abarcan los funda-
mentos de la programacién orientada a objetos, sin intervenir en el médulo 1y con ajustes minimos en el
modulo 5. Laimplementacién de GDBL se basd en talleres para la construccidn progresiva de videojuegos.
El disefio de la intervencidn educativa integrd los contenidos de la asignatura y los talleres GDBL sin alte-
rar la estructura académica original del curso. El cronograma aplicando GDBL estuvo alineado con las 16

semanas del curso, inicié en la semana 3, tras completar el mddulo 1, y se extendi6 hasta la semana 16 en
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la que los estudiantes sustentaron sus proyectos finales. Las duraciones aplicando GDBL en cada médulo
fueron: cinco semanas en el médulo 2, tres semanas en el mddulo 3, cuatro semanas en el médulo 4y tres

semanas en el mddulo 5.

El disefio de ejercicios y materiales se orient6 a facilitar el aprendizaje y la implementacién de GDBL,
organizandose en dos categorias: (1) presentaciones y guias de clase y (2) recursos adicionales. Las pre-
sentaciones y guias abordaron semanalmente conceptos clave de programacion orientada a objetos, como
clases, objetos, abstraccién, encapsulamiento, herencia y polimorfismo, con ejemplos practicos y talleres.
Estos progresaron desde la manipulacion de elementos en Python Arcade hasta interacciones avanzadas
de juego. También se incluyeron guias sobre buenas practicas en Python y fundamentos de desarrollo de
videojuegos, siempre vinculadas al aprendizaje de POO bajo GDBL. Ademas, se ofrecieron recursos para
enriquecer el aprendizaje y facilitar el disefio de videojuegos: graficos, audio, herramientas de apoyo y doc-
umentacion/tutoriales. Los recursos graficos y de audio permitieron animaciones y efectos, mientras que
los de apoyo incluyeron constructores de mapas y selectores de color. La documentacion y tutoriales con-
tenian APIs, ejemplos y guias practicas, ampliando las posibilidades creativas y fomentando un aprendizaje
experiencial. Finalmente, se cre6 un repositorio en GitHub con ejemplos de POO aplicados al desarrollo de
videojuegos con Python Arcade, facilitando el acceso a conceptos clave y herramientas practicas. Los recur-

sos disefiados estan disponibles en este repositorio.

3.3.3. Fase 3: intervencién académica

La intervencion educativa, nlcleo de la metodologia, abarcé la recopilacion de datos y la aplicacion de ins-
trumentos al grupo objetivo en cuatro etapas:

« Caracterizacién inicial: se aplicé el cuestionario MSLQ-Colombia como pre-test para evaluar la
motivacion estudiantil antes de la intervencion. Se presentd el proyecto, destacando la importancia
de mediciones pre y post intervencion para garantizar objetividad. Se aclaré que las respuestas no
influirian en las calificaciones y los estudiantes firmaron un consentimiento informado para garantizar

la confidencialidad.

« Formativa: bajo un modelo incremental, se desarrollaron actividades en la asignatura de POO. Los
estudiantes iniciaron modificando juegos existentes y progresaron hasta crear nuevos, tras una
introduccion a los conceptos de desarrollo de videojuegos y al GDF. La metodologia combind clases

magistrales, practicas, lecturas, tutoriales y ejercicios de cada tema.

+ Retroalimentacién y recoleccién: paralela a la etapa formativa, esta fase brindd seguimiento y
retroalimentacion para facilitar el uso del GDF y la adaptacion al GDBL. Se recopilaron entregas y

observaciones semanales, permitiendo ajustes continuos en el curso.

« Diagnéstico final: durante las semanas 13y 14, se aplicd nuevamente el cuestionario MSLQ-Colombia
como pos-test para evaluar la motivacién tras la intervencion, junto con una encuesta de percepcién
para recolectar datos cualitativos. Se reiterd la confidencialidad y la neutralidad de las encuestas

respecto a las calificaciones.
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3.3.4. Fase 4: analisis de resultados

El analisis de datos combiné enfoques cuantitativo y cualitativo. En el primero, se evaluaron cambios en
la motivacidn de los estudiantes mediante la prueba de Wilcoxon en las siete subescalas del cuestionario
MSLQ-Colombia, comparando pre y post intervencién. De 33 estudiantes que completaron el pre-test, 26

participaron en el post-test.

Los datos cualitativos se estructuraron mediante analisis de contenido, en tres etapas: codificacion abi-
erta, axial y selectiva. La codificacidn abierta identifico conceptos y categorias iniciales; la axial establecié
relaciones entre categorias y subcategorias, revelando patrones; y la selectiva integrd y refind las categorias
en torno a un nucleo central. Este proceso iterativo garantizo rigor y precision, proporcionando una com-
prension profunda del fendmeno estudiado (Bryman, 2012; Gibbs, 2012). Con el propdsito de conferir confi-
abilidad y consistencia a los analisis de los datos cualitativos, uno de los investigadores de este estudio llevd
a cabo el primer ejercicio de codificacion abierta y axial. Posteriormente, los otros dos investigadores re-
alizaron una revision con el objetivo de lograr un chequeo inter-codificador en los dos tipos de codificacion

mencionados. Finalmente, la codificacion selectiva fue realizada en conjunto por los tres investigadores.

4. RESULTADOS

Los resultados se presentan en tres secciones: el analisis estadistico de las encuestas Pre y Post Test MSLQ-
Colombia (seccidn 3.1), que examina variaciones en la motivacion estudiantil tras la intervencién educativa
(datos cuantitativos); las percepciones de los estudiantes sobre los elementos de desarrollo de videojuegos
(datos cuantitativos) en la seccién 3.2; y, finalmente, un analisis cualitativo de sus experiencias de aprendi-

zaje con GDBL (seccion 3.3).

4.1. Motivacion por Aprender - MSLQ-Colombia

Se aplico la prueba de Wilcoxon con un nivel de significancia del 5 % (0.05) para evaluar cambios significa-
tivos, positivos o negativos, en los siete aspectos motivacionales caracterizados con el MSLQ-Colombia en
el Pre-test y Post-test. La Tabla 2 (en pag. sig.) resume los promedios de las respuestas en ambos tests, las

diferencias entre ellos y los p-valores correspondientes.

Ningun aspecto de la motivacion mostré cambios estadisticamente significativos; el menor p-valor
(0.190) correspondid a “Expectativas de autoeficacia en el rendimiento”, lo que indica la ausencia de varia-

ciones relevantes en los factores motivacionales evaluados.

4.2. Percepciones de los estudiantes sobre los elementos de desarrollo de videojuegos

Los estudiantes evaluaron los componentes del desarrollo de videojuegos, como disefio grafico, narrativa,
personalizacién, mecanicas de juego y producto final. La estadistica descriptiva de la Tabla 3 (en pag. sig.)
muestra una opinién muy positiva en todos los aspectos, con promedios superiores a 5.00 en la escala
Likert (1.00 a 7.00). Las desviaciones estandar, entre 1.20 y 1.47, indican consistencia en las preferencias

estudiantiles.
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TABLA 2. Estadisticas sobre la motivacion en el aprendizaje basadas en el Pre-Test y Post-Test del MSLQ-Colombia

Sub-escala motivacional Etapa Promedio Diferencia p-valor Wilcoxon
Pre 5.64

Valoracién de la tarea -0.23 0.212
Pos 5.41
Pre 4.88

Metas intrinsecas -0.36 0.212
Pos 4.52
Pre 5.16

Metas extrinsecas -0.21 0.616
Pos 4.95
Pre 5.79

Expectativas de autoeficacia en el rendimiento -0.42 0.190
Pos 5.37
Pre 5.52

Expectativas de autoeficacia en el aprendizaje 0.04 0.903
Pos 5.56
Pre 5.95

Control de aprendizaje -0.06 0.456
Pos 5.89
Pre 4.67

Ansiedad 0.15 0.607
Pos 4.82

TABLA 3. Estadisticas descriptivas de las percepciones de los estudiantes sobre los componentes del GDBL

Componente GDBL Promedio Desviacién estdndar Percentil25%  Percentil50%  Percentil 75 %
Componente grafico 5.19 1.47 4 5 7
Disefio de juego 5.38 1.35 4 5 7
Narrativa 5.14 1.35 4 5 6
Personalizacion de los juegos 5.38 1.24 4 6 6
Disefio de légicas y mecanicas de juego 5.19 1.20 5 5 6
Producto final 5.61 1.43 5 6 7

Aunque las percepciones generales son similares entre los componentes, el percentil 75 destaca ‘Pro-
ducto final’, ‘Disefio de juego’ y ‘Personalizacion de los juegos’ como los mas valorados. En contraste, ‘Com-
ponente grafico’, ‘Narrativa’ y ‘Disefio de logicas y mecanicas de juego’ presentan percentiles 75 mas bajos,

reflejando menor relevancia en ese nivel.

4.3. Percepciones de los estudiantes sobre la experiencia de aprendizaje usando GDBL

Las respuestas de la encuesta de percepcidn se analizaron mediante analisis de contenido. Primero, los da-
tos se etiquetaron y agruparon segun los aspectos motivacionales evaluados con el MSLQ-Colombia. Luego,
se identificaron categorias emergentes no directamente relacionadas con estos aspectos, pero relevantes
para el estudio. En sintesis, se hallaron tres temas: motivacion en el aprendizaje, GDBL en el proceso de

aprendizaje y aspectos generales de la experiencia educativa.
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4.3.1. Tema: Motivacion en el Aprendizaje

Elanalisis de 137 opiniones reveld que el 55 % (76 opiniones) se relaciona con motivacion en el aprendizaje.

En general, el enfoque GDBL tuvo un efecto positivo en la motivacién y el aprendizaje de los estudiantes,

destacandose los aspectos de interés intrinseco por aprender, control del aprendizaje, valoracién de la ta-

rea y expectativas de autoeficacia en el aprendizaje. Los resultados se detallan en la Tabla 4.

TABLA 4. Tema: Motivacion en el Aprendizaje

Categoria Descripcién Opinién destacada ikt
opiniones
Las opiniones resaltan que el GDBL proporcioné  “Si bien la programacidn no es general mi acti-
s, dinamismo, motivacion y un enfoque practico, vidad favorita, si considero que el hecho de que
Metas intrinsecas . . . . R , . 23
incrementando el interés de los estudiantes por  haya estado enfocado a juegos ayudo a que mi
la programacién de computadores. interés en ésta aumentara.” (sic)
Los estudiantes destacaron el trabajo autodi-
dacta durante la experiencia y sefialaron que . a2
Control del , P , .y - 9 “..siento que también tengo que esforzarme y
- la metodologia les mostro la importancia de la 2 . I 14
aprendizaje L L dar mas de mi para poder avanzar en la clase.
proactividad y el autodescubrimiento para su
aprendizaje.
- - . “Si, pues a través del desarrollo de juegos se
Las opiniones destacaron la utilidad profesional p . . Jues
.. - . puede evidenciar el uso de los conceptos y
Valoracion de la programacién (9 opiniones), aunque algu- . P .
= . pilares clave de la programacién orientada a 13
de la tarea nos percibieron una desconexion del GDBL con - . .
. objetos, los cuales serdn muy Utiles en el futuro
su futuro laboral (4 opiniones). . -
sin duda.” (sic)
. . “El hecho de que sea basado en videojuegos
£ - Los estudiantes desarrollaron confianza y per- avuda a que los conceptos no se queden tan
xpectativas sistencia en su aprendizaje, incluso ante dificul- Y d P g d
de autoeficacia tades. EL GDBL meiord la comprensién de con abstractos, de modo que si pude entender 13
en el aprendizaje ) A ) P mayoritariamente los temas de programacion
ceptos complejos. - . »
orientada a objetos.
, Algunos estudiantes sefialaron que el enfoque  “Los buenos resultados obtenidos me motiva-
Metas extrinsecas L . e . . . . B 7
los motivo para obtener mejores calificaciones.  ron a seguir aprendiendo y esforzandome.
De las 4 opiniones registradas, la mitad atribui-
. ré ntrega final, mientr L . o
Ansiedad CLE a} U e. At cga ~al’ e “Al ser de videojuegos, se siente menos rigido.” 4
demas fueron positivas, sefialando una menor
percepcién de rigidez en la evaluacion.
. . . “El hecho de crear nuestro propio videojuego
Expectativas Las opiniones resaltaron la confianza en alcan- L "
L. P . nos motivo a esforzarnos por lograr el objetivo
de autoeficacia zar buenos resultados académicos mediante el 2

en el rendimiento

esfuerzo en la creacion de videojuegos.

en mente, y el producto de ese esfuerzo nos fue
reconocido adecuadamente.”

4.3.2. Tema: GDBL en el proceso de aprendizaje

Este tema reline 71 percepciones sobre el enfoque educativo basado en GDBL, abarcando aplicaciones ge-

nerales y especificas, con énfasis en sus implicaciones profesionales. También se consideran sus efectos en

el aprendizaje y el interés por los videojuegos dentro del curso. La Tabla 5 resume las categorias y descrip-

ciones asociadas.
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TABLA 5. Tema: GDBL en el proceso de aprendizaje

Categoria Descripcién Opinién destacada CENEEE
opiniones
Valoracién Percepciones que resaltan el interés y la efectividad del .
L. ] I Siento que mezclar esta mate-
positiva de GDBL enfoque GDBL frente a métodos tradicionales. No obstan- . L S
J . ~ op . ria con la temética de videojue- 15
frente a métodos te, algunos estudiantes sefialaron dificultades, particular- . o
e ) gos fue interesante y genial.
tradicionales mente con herramientas como Python Arcade.
2 Los estudiantes resaltaron que el método facilita la com-
Percepcion de GDBL o2 o R hay conceptos que son mas
prension y aplicacion estructurada de conceptos de pro-  _, .
como enfoque de L. L , L, faciles de entender con este en- 18
e R gramacion, aunque una minoria expresé confusion du- o
ensenanza didactico . foque”. (sic)
rante el aprendizaje.
Enfoque GDBL no Algunos estudiantes indicaron que el enfoque no influyé
genera efectos significativamente en su aprendizaje ni motivacién, con- “No creo que haya diferencia 20
significativos en el siderandolo una herramienta similar a los métodos tradi-  con el enfoque normal.”
aprendizaje cionales.
Algunos estudiantes percibieron el enfoque como un
Dudas sobre la S . « .
il objetivo final de la clase, no como una herramienta de  “No creo que me ayude en mi
i aprendizaje, y no lo consideraron Gtil para su futuro. Ade-  desarrollo profesional, pero lo 13
GDBL para el ambito 2 o . 2 sy
) mas, sefalaron que los temas estaban excesivamente puedo ver mascomo un hobbie.
profesional - .
orientados al desarrollo de videojuegos.
Perspectiva de
la temética de « o .
L . . Los videojuegos siempre son
videojuegos como Los estudiantes valoraron los videojuegos por fomentar . Y .
de mi interés personal, luego di- 5

impulsora de la
creatividad y la
participacién

la creatividad y facilitar su participacion en la asignatura.

sefiar uno fue muy entretenido.”

4.3.3. Tema: Experiencia educativa

Este tema reline las opiniones estudiantiles sobre aspectos clave de la intervencidn educativa, incluyendo

su compromiso, dificultades en el aprendizaje y valoracion de la retroalimentacién individual, el acompa-

flamiento docente y el aprendizaje en general. La Tabla 6 muestra los resultados, que comprenden 22 opi-

niones, equivalentes al 16 % del total analizado.

TABLA 6. Tema: experiencia educativa

Categoria Descripcion Opinién destacada Ca.nt.ldad
opiniones
i . _ . “..requiere bastante tiempo de investiga-
Dificultades en La asignatura fue percibida como exigente, y los cién
el aprendizaje y estudiantes enfrentaron obstaculos como dudas  , . . 10
L. . . . ...hay puntos en los que no sé por dénde
resolucion de dudas no resueltas e incomprension de ciertos conceptos. . N
continuar
R Los estudiantes valoraron el rol de la realimen- | .
Valoracion del apoyo oA . ...l apoyo de los monitores fue de mu-
tacion del docente y asistentes docentes para el " 7
docente o cha ayuda.
aprendizaje.
Los estudiantes valoraron los proyectos como una .
- . L - - Me gusta demostrar conocimiento a tra-
Aprendizaje a través estrategia innovadora y motivadora para aplicary [ ,,
vés de proyectos mas que con pruebas. 5

evaluar conocimientos, en contraste con los méto-
dos tradicionales.

de proyectos practicos .
proy P (sic)
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5. DISCUSION

El disefio metodoldgico implementado y los resultados mixtos obtenidos permitieron responder la pregun-
ta de investigacion sobre los efectos de un entorno de aprendizaje basado en la construccién de videojue-
gos (GDBL) en la motivacion de los estudiantes para aprender programacion. Los resultados cuantitativos
mostraron niveles medios o altos en todos los aspectos motivacionales, excepto en ‘Ansiedad’, donde los
estudiantes expresaron preocupacion generalizada. Las variaciones entre pre-test y pos-test no fueron es-
tadisticamente significativas, sugiriendo que el GDBL no influyé en la motivacion. Sin embargo, estos ha-
llazgos no pueden generalizarse debido al caracter de estudio de caso, lo que limita la identificacion de un

efecto cuantitativo concluyente.

El analisis cualitativo complementd los resultados al sugerir que la experiencia con GDBL fue, en gener-
al, positiva. Con respecto a la motivacidn por aprender, las percepciones de los estudiantes evidenciaron los
mayores efectos favorables en la orientacién a metas intrinsecas, control del aprendizaje, valoracion de la
tarea y expectativas de autoeficacia por aprender. Estudios previos (Rugelj & Lapina, 2019; Torres-Toukou-
midis et al., 2020) destacan que los videojuegos facilitan el aprendizaje, y este estudio confirmé que el GDBL
aumento el interés por la programacién, incluso en estudiantes inicialmente desinteresados. Ademas, se
destacé la mejora en autonomia, gestion del tiempo y control del aprendizaje, en linea con investigaciones
previas (Mayo, 2007; Wang & Wu, 2009). Algunos participantes indicaron que la estrategia incentivé el de-
seo de mejorar sus calificaciones, lo que sugiere un posible efecto en la motivacion extrinseca, aspecto no
reportado en la literatura. Asimismo, el GDBL mostré potencial para reducir la ansiedad, coincidiendo con
estudios que indican que la familiaridad con este enfoque facilita el aprendizaje y puede hacer los cursos
mas accesibles y menos estresantes (Bewer & Gladkaya, 2022; Rugelj & Lapina, 2019; Wu & Wang, 2012).

Por otro lado, la diferencia entre los resultados cuantitativos y cualitativos podria obedecer princi-
palmente al tamario de la muestra. La potencia estadistica de pruebas como Wilcoxon se incrementa con
muestras mas amplias (Wiedermann & von Eye, 2013). Por lo tanto, esta situacién podria haber limitado la
capacidad de identificar cambios estadisticamente significativos con los datos cuantitativos del presente
estudio. Ademas, se plantea la posibilidad de que factores no contemplados en los anélisis de este estudio,
tales como la carga académica en otras asignaturas, las condiciones laborales, las socioecondmicas y las
familiares, hayan podido enmascarar los efectos del GDBL. Asimismo, la implementacion del enfoque GDBL
a partir de la tercera semana, en lugar de la primera, podria haber generado incertidumbre y afectado la

respuesta motivacional.

Adicionalmente, el analisis cualitativo generd categorias emergentes. Un grupo amplio de estudiantes
(33 opiniones) percibi6 el GDBL como interesante, efectivo y didactico, destacando su capacidad para fa-
cilitar la comprensién de conceptos de programacién de manera dindmica y estructurada. Se resalt6 que
este enfoque no sé6lo hace el aprendizaje mas accesible y atractivo, sino que fomenta la creatividad y par-
ticipacion. Ademas, la retroalimentacion docente se identificd como un factor motivador, lo que coincide
con los hallazgos de Torres-Toukoumidis et al. (2020) y Rugelj y Lapina (2019). Por otra parte, el GDBL podria
estimular el pensamiento critico al requerir que los estudiantes evalten informacion, resuelvan problemas

complejos y justifiquen sus decisiones durante el disefio y la programacion. Este proceso es crucial, ya que,
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como destacan Denoni Bujan y Cebollero Salinas (2025), este tipo de actividades favorece la disposicién al

pensamiento critico de los estudiantes universitarios.

Si bien este estudio se centra en la educacidn superior, es util considerar los efectos de los videojue-
gos en otros niveles educativos. Mielgo-Conde et al. (2022) destacan los beneficios de los videojuegos en la
educacion primaria, mientras que Pala (2024) también encontré un impacto positivo en el aprendizaje de
historia en la educacion secundaria. Junto con los resultados del presente estudio, estos trabajos indican
que los beneficios motivacionales y cognitivos de los videojuegos pueden extenderse a través de diferentes
niveles educativos. Es posible que los efectos observados en la educacidn primaria y secundaria, como el
aumento de la motivacidn intrinseca y el desarrollo de habilidades, también contribuyan a los resultados

positivos observados en la educacion superior en el contexto del GDBL.

No obstante, 20 estudiantes no percibieron un efecto significativo en su aprendizaje, sugiriendo que el
GDBL no difiere sustancialmente de métodos tradicionales. Algunos sefialaron dificultades para compren-
der los temas y materializar sus ideas, lo que indica que la estrategia no es igualmente accesible para todos.
También mencionaron una mayor inversion de tiempo y esfuerzo, a pesar del contenido habitual del curso.
Se identificaron desafios en el manejo de herramientas como Python Arcade, evidenciando la necesidad
de integrarlas mejor en el curriculo. Ademas, los estudiantes con experiencia en videojuegos mostraron
mayor facilidad para comprender conceptos complejos, en coherencia con la teoria constructivista de Kafai
y Burke (2015). Estas percepciones divergentes resaltan la importancia de ajustar la implementacién del
GDBL para mejorar su efecto educativo. Como sugieren Bewer y Gladkaya (2022), Kafai y Burke (2015) y Ru-

geljy Lapina (2019), es fundamental ampliar experiencias empiricas para refinar esta estrategia educativa.

En lo que respecta a la percepcidn de relevancia profesional, la mitad de los participantes considerd
que el curso no se vinculaba con sus metas laborales, percibiéndolo mas como una actividad recreativa que
como una experiencia formativa con aplicacién en su futuro profesional. Los estudiantes expresaron que
el enfoque estaba demasiado centrado en el desarrollo de videojuegos como un fin en si mismo, en lugar
de una herramienta para el aprendizaje de la programacion de computadores en un contexto mas amplio.
Sin embargo, una minoria destacé que la metodologia facilité una mejor comprension de los ciclos de de-
sarrollo de un programay los elementos cruciales del trabajo de un programador. Estos hallazgos apuntan
a la necesidad de hacer ajustes cuidadosos cuando se hagan futuras integraciones del GDBL dentro del
curriculo. Esto con el fin de hacer mas evidente su aplicabilidad en diversos ambitos de la programacién de
computadores, no sélo para el desarrollo de videojuegos, y de alinearlo mas con los intereses y expectativas
profesionales de los estudiantes.

Los estudiantes valoraron los componentes ‘Producto final’, ‘Disefio de juego’ y ‘Personalizacion de los
juegos’, en linea con De Sousa et al. (2014), quienes destacan el enfoque en proyectos y el ciclo de desar-
rollo. El ‘Producto final’ fue el mas relevante, al representar un logro tangible. ‘Disefio de juego’ y ‘Person-
alizacion de los juegos’ permitieron a los estudiantes aplicar su estilo personal y explorar la programacion
a través de la creacion de videojuegos. En contraste, los componentes ‘Componente grafico’, ‘Narrativa’ y
‘Disefio de l6gicas y mecanicas de juego’ fueron los menos preferidos, posiblemente por su enfoque creati-
vo y narrativo, menos relacionado con la programacion. Aunque estos elementos son esenciales al disefiar

videojuegos porque afectan la experiencia del jugador, los participantes los consideran secundarios frente
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a la codificacion directa. Este hallazgo sugiere que futuras implementaciones de GDBL deberian explorar si

estos aspectos afectan la motivacion en el aprendizaje.

Finalmente, el estudio abordé la falta de modelos para seleccionar marcos de desarrollo de juegos
(GDF) en entornos GDBL. Aunque existen modelos generales (Bewer & Gladkaya, 2022; Wang & Wu, 2009),
este trabajo propuso una estrategia integral basada en criterios adicionales como tipo, funcionalidad, di-
ficultad y documentacion. Aunque aplicable a este estudio, el modelo propuesto requiere validacion para

adaptarlo a diversos contextos educativos.

6. CONCLUSIONES

Este estudio respondid la pregunta de investigacion sobre los efectos de un entorno de aprendizaje basado
en la construccion de videojuegos (GDBL) en la motivacion por aprender programacion. Se empled un enfo-
que metodoldgico en el que, inicialmente, se llevd a cabo un proceso de eleccién de un Game Development
Framework (GDF), seleccionando Python Arcade. Luego se realizé una intervencion educativa en una asig-
natura de Programacion Orientada a Objetos recolectando datos cuantitativos y cualitativos sobre la moti-
vacion por aprender de los estudiantes participantes. Aunque los analisis cuantitativos mostraron niveles
medios o altos de motivacion en la mayoria de las dimensiones evaluadas, los cambios entre el pre-test y
el pos-test no fueron estadisticamente significativos. Esto indica que, en este estudio, el GDBL no generd un

efecto cuantitativamente concluyente en la motivacién por aprender.

Por otro lado, los participantes expresaron cualitativamente efectos positivos en componentes especifi-
cos de su motivacidn por aprender, tales como la orientacion a metas intrinsecas, el control del aprendizaje,
la valoracion de la tarea y las expectativas de autoeficacia en el aprendizaje. Estos hallazgos confirman
que el GDBL propicid, entre los participantes de este estudio, el interés y el agrado por la programacion,
les permitié activar su proactividad y el autodescubrimiento en sus procesos de aprendizaje, generd un
ambiente que facilit6 percibir utilidades de la programacién de computadores y, adicionalmente, propicié
la confianza y persistencia de los estudiantes en su aprendizaje, incluso ante dificultades. Adicionalmente,
el GDBL demostrd ser eficaz para mejorar la comprension de conceptos complejos y también se identificd
su potencial para reducir la ansiedad asociada a los procesos de evaluacion, ofreciendo un entorno mas

accesible y menos estresante.

No obstante, el andlisis cualitativo revel6 desafios significativos: muchos estudiantes no percibieron
diferencias sustanciales con los enfoques de ensefianza tradicionales, mencionando dificultades conceptu-
ales, mayor carga de trabajo y la necesidad de aprender herramientas como Python Arcade. Estas limitac-
iones subrayan la importancia de mejorar la integracion curricular del GDBL para mejorar su accesibilidad
y eficacia. Con respecto a la percepcidn profesional, si bien algunos participantes valoraron el GDBL por su
contribucidn al desarrollo de competencias, muchos lo interpretaron como una actividad recreativa ajena
a sus metas profesionales. Estos hallazgos indican que es necesario ajustar la implementacion del GDBL
para que los estudiantes no lo vean como un fin en si mismo, sino como un ambiente que les permite apren-
der bases de programacion de computadores que luego pueden aplicar en los diversos ambitos de su vida
académica y profesional.
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En conjunto, este estudio destaca tanto el potencial del GDBL para fortalecer la motivaciony el aprendiza-
je de la programacion como las limitaciones que deben abordarse para maximizar su efecto en futuras apli-

caciones educativas.

6.1. Trabajos Futuros

Los resultados indican la necesidad de ampliar la muestra en futuras investigaciones para mejorar la repre-
sentatividad y comprension del efecto del GDBL. En cuanto a aspectos metodoldgicos de la investigacion,
es crucial realizar estudios cuasi-experimentales con grupos control y experimental que comparen el GDBL
con métodos tradicionales para validar sus efectos en la motivacion y el aprendizaje. También, se recomien-
da incluir y analizar datos sobre carga académica, empleo y situacidén socioeconémica y familiar, ya que
estos factores podrian influir en la motivacion de los estudiantes. Adicionalmente, es importante replicar el
estudio en distintos contextos y niveles educativos para evaluar la consistencia de los beneficios del GDBL.
Ademas, se sugiere evaluar si la integracion de estrategias de pensamiento critico en el disefio de los video-

juegos mejora la motivacion y el aprendizaje.

En cuanto a la implementacion de la metodologia GDBL en cursos futuros de programacion, es crucial
comunicar de manera explicita a los estudiantes que GDBL es un medio para ensefiar conceptos de progra-
macién y no un fin en si mismo, evitando asunciones erréneas sobre la naturaleza y aplicabilidad del curso.
Asimismo, es imperativo resaltar la aplicabilidad de los conceptos de programacion mas alla del desarrollo de
videojuegos, ilustrando su relevancia en diversos campos de la ingenieria y la industria del software. Ademas,
dada la carga de trabajo que puede generar el ambiente GDBL, se recomienda proporcionar orientacion sobre
la gestidn del tiempo y estrategias de aprendizaje, asi como facilitar herramientas para planificar y distribuir
mejor las tareas. Finalmente, se recomienda un acompafiamiento mas frecuente por parte del docente cuan-
do los estudiantes se encuentran en los primeros semestres, pues es posible que los estudiantes requieran
un mayor apoyo para adaptarse a metodologias innovadoras. Se sugiere, por tanto, implementar tutorias,
espacios de resolucion de dudas y materiales complementarios que faciliten el aprendizaje.

6.2. Limitaciones

Este estudio enfrentd varias amenazas que pudieron afectar los resultados. La ausencia de un grupo control
limitd la comparacién entre el enfoque GDBL y una metodologia tradicional. Ademas, la modalidad 100 %
remota restringié la interaccion estudiante-docente y el acceso a recursos pedagégicos disponibles en en-
tornos presenciales. Por Ultimo, las condiciones socioecondmicas de algunos estudiantes, quienes combi-

naban trabajo y estudio, pudieron afectar su disponibilidad y desempefio en el curso.

7. CONTRIBUCION DE LOS AUTORES

Todos los autores contribuyeron equitativamente en las siguientes actividades: conceptualizacion, curadu-
ria de datos, analisis formal, investigacién, metodologia, administracién del proyecto, desarrollo de soft-
ware, recursos, supervision, validacion, visualizacion, redaccion del borrador original y revisién y edicion

del manuscrito.
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RESUMEN

La presente investigacion desarrolla un analisis bibliométrico tematizado de la produccién cientifica mas relevante en el
campo de la Educacidon para la Ciudadania Mundial, diferenciando entre investigaciones histéricas (mas citadas desde
que existen registros en Scopus) y recientes (mas citadas en el Gltimo lustro). El anélisis ha permitido visibilizar los es-
tudios mas relevantes en el primer cuarto del siglo XXI. La muestra estuvo compuesta por 500 trabajos (2000-2024) que
fueron clasificados en cinco subtemas. Los resultados evidencian una concentracion de articulos relevantes publicados
entre 2011y 2016, coincidiendo con la adopcidon de los Objetivos de Desarrollo Sostenible de la Agenda 2030. Se identifico
un nivel bajo de colaboracion (1,63 autores por articulo) y una alta especializacidn en autores y fuentes. Espafia, Chile e
Italia han emergido como paises clave en las afiliaciones de la produccidn reciente, aunque con bajos indices de colabo-
racion entre paises. En el analisis de palabras clave identificaron cuatro bloques principales de categorias, destacando
la relevancia del enfoque estratégico en educacion y su orientacion a la poblacidn joven. Este estudio ofrece una vision
integral del campo de la Educacion para la Ciudadania Mundial, proporcionando una base para futuras investigaciones
sobre su desarrollo, desafios y tendencias.

PALABRAS CLAVE educacién para la ciudadania mundial, objetivos de desarrollo sostenible, bibliometria, investigacién
educativa
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ABSTRACT

This study presents a thematized bibliometric analysis of the most relevant scientific output in the field of Global Citizen-
ship Education, distinguishing between historical research (those most cited since records began in Scopus) and recent
research (those most cited in the last five years). This analysis has made it possible to highlight the most significant studies
in the first quarter of the 21st century. The sample comprised 500 works (2000-2024), classified into five subthemes. The
findings reveal a concentration of influential articles published between 2011 and 2016, coinciding with the adoption
of the Sustainable Development Goals of the 2030 Agenda. A low level of collaboration was identified (1.63 authors per
article), along with a high degree of specialization among authors and sources. Spain, Chile, and Italy have emerged as
affiliation key countries in recent research production, albeit with low levels of international collaboration. The keyword
analysis identified four main category clusters, highlighting the significance of the strategic approach to education and its
focus on young populations. This study provides a comprehensive overview of the field of Global Citizenship Education,
offering a foundation for future research on its development, challenges, and trends.

KEYWORDS Global Citizenship Education, Sustainable Development Goals, Bibliometrics, Educational Research

1. INTRODUCCION

En la actualidad, la Educacion para la Ciudadania Mundial (ECM) establece un marco de referencia educativo.
Este marco gira alrededor de la nocién de la conciencia global, la pertenencia a una humanidad comun, la
interdependencia politica, econémica, social y cultural, o la relacion entre los aspectos mas cercanos y locales
con aquellos nacionales o mundiales (UNESCO, 2014). Este marco, que ha evolucionado desde una primigenia
accion paraimpulsar la “Educacion para la Comprension Internacional” en los afios 20 del siglo XX por parte de
la Sociedad de las Naciones (Renoliet, 2000), se articula seglin la UNESCO (2015) a través de las dimensiones
cognitiva, socioemocional y conductual. La primera de ellas se centra en la comprension de los desafios globa-
les y su relacion con la realidad local. La dimensidn socioemocional busca el desarrollo de valores solidarios
y tolerantes, mientras que la conductual promueve las acciones responsables. Con todo esto, la ECM persigue
el objetivo de ser un elemento clave en la transformacion de las personas para que puedan “contribuir a un
mundo mas inclusivo, justo y pacifico” (UNESCO, 2015, p.5).

Ademas, la ECM esta vinculada de una manera muy relevante con el Objetivo de Desarrollo Sostenible 4
de la Agenda 2030, que busca una educacién inclusiva, equitativa y de calidad a lo largo de toda la vida para
todas las personas (Paya, 2020; 2022). En concreto se centra en la meta 4.7, donde se explicita la promocién
de la ciudadania mundial junto con la valoracién de la diversidad cultural, la sostenibilidad, la igualdad o la
promocién de la paz y la no violencia (ONU, 2015).

Esta amplitud de retos se ha reflejado en la literatura cientifica que se ha centrado en alguno de los aspec-
tos que se englobaban dentro del marco de la ECM, dando como resultado una prolija cantidad de investiga-
ciones en las Ultimas décadas (Damiani & Fraillon, 2025). La cantidad de las mismas y su diversidad tematica
hacen necesario un analisis global, que permita obtener un panorama general de la produccidn cientifica sobre

ECM, pero sin dejar de lado la riqueza tematica que se engloba dentro de este marco de referencia educativo.

En este sentido, los estudios bibliométricos permiten ofrecer esta perspectiva global sobre un campo de
investigacion, identificando el corpus de la literatura dentro del mismo (Ellegaard & Wallin, 2015), asi como

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Jacobo Roda-Segarra, Santiago Mengual-Andrés & Andrés Paya Rico

los fundamentos, primeros trabajos y cdnones metodoldgicos (Zupic & Cater, 2015). Sin embargo, este tipo de
estudios ofrecen una vision unificada y restringida de la literatura cientifica, lo que simplificaria demasiado el

estudio de un campo tan rico y variado, con tantas perspectivas diferentes, como es el de la ECM.

Asi pues, la presente investigacion se ha centrado en un andlisis bibliométrico alrededor de la produc-
cion cientifica de la ECM en un analisis multinivel, sin perder la complejidad y la perspectiva de los diferentes
temas que la conforman. Esto ha permitido tener, al mismo tiempo, una vision global sobre la produccién
cientifica de la ECM y, a la vez, individualizada en cada una de las tematicas abordadas. Ademas, el estudio se
ha realizado tanto con la produccién mas relevante desde que existen registros, como con la produccién mas
relevante del dltimo lustro, lo que ha permitido visibilizar estudios recientes muy influentes y que demuestran
las tendencias de investigacion, que de otra manera hubieran pasado desapercibidos en un campo de estudio

educativo con un ya largo recorrido como es el de la ECM.

2. MATERIAL Y METODO

El objetivo de la presente investigacién se ha analizado desde una aproximacién bibliométrica de la produc-
cion cientifica (Colomo et al., 2025; Gil-Fernandez & Calderén-Garrido, 2023; Piazza & Mengual-Andrés, 2020;
Zhang et al., 2023). en el campo de la ECM. A través de una aproximacion cuantitativa y mediante estadisti-
ca descriptiva —analisis de tendencia central y dispersion— se pretendid identificar, desde una perspectiva
global, la literatura cientifica sobre ECM. Dada la extension del concepto de la ECM, se optd por concretar
qué aspectos principales o grandes areas tematicas estaban contenidos dentro de la definicion de ECM. En
dicho sentido, el primer paso de la investigacion fue identificar los diferentes subtemas que se podian in-
cluir dentro del concepto mas genérico de ECM. Se configurd un grupo focal que pretendié reunir una se-
rie de expertos para debatir sobre un tema concreto, dirigidos en mayor o menor medida por uno o varios
moderadores (Wilkinson, 1998). El desarrollo del grupo focal tuvo lugar el dia 26 de noviembre de 2024 en
la Facultad de Filosofia y Ciencias de la Educacion de la Universidad de Valencia. En la técnica participa-
ron 18 miembros del equipo de investigacion del proyecto “PID2023-151908NB-100 Educacién para la Ciu-
dadania Mundial y la formacién del profesorado (EDCIMU)” financiado por el Ministerio de Ciencia, Inno-
vacién y Universidades todo ellos expertos en el campo de la ECM de las universidades de Valencia, UNED,
Complutense de Madrid, Pablo de Olavide de Sevilla y Granada. El resultado de este focus group dio lugar
al consenso sobre los subtemas, todos ellos incluidos dentro del campo de la ECM: (1) educacion para el
desarrollo sostenible, (2) educacion en derechos humanos, (3) educaciéon para la ciudadania mundial,
(4) educacion para la pazy (5) educacion intercultural.

Esta primera seleccidén de subtemas se empled para la configuracion y desarrollo del estudio bibliomé-

trico, de tal forma que posibilitara un analisis de la produccion segmentada por cada uno de estos subtemas.

Aunque los analisis de tipo bibliométrico comparten ciertos aspectos generales y metodolégicos basados
en la estadistica descriptiva, podemos encontrar, sin embargo, diferentes aproximaciones procedimentales.
Zupicy Cater (2015) proponen seguir un procedimiento en 5 pasos, consistentes en: (1) disefiar lainvestigacién,
(2) compilar los datos bibliométricos, (3) analizar, (4) visualizar e (5) interpretar. Por su parte, Donthu et al.
(2021) simplificaron el método reduciéndolo a 4 pasos: (1) definir el alcance y propdsito, (2) seleccionar las

técnicas de analisis, (3) recopilar los datos para la realizacién del analisis bibliométrico y (4) documentar los
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resultados. Para el presente estudio se ha optado por la aproximacidén de Donthu et al. (2021), puesto que

simplifica el procedimiento de Zupic y Cater (2015), compendiando algunos de sus pasos.

En lo que se refiere al primer paso, el propdsito consiste en el andlisis bibliométrico de la produccién
cientifica mas relevante del campo de la ECM que esté indexada en la base de datos generalista Scopus en
funcién de los 5 subtemas seleccionados en el focus group de expertos. Su alcance cubre los articulos, libros y
publicaciones que han sido mas influyentes en el campo de la ECM lo que, segln los principios cienciométri-
cos establecidos por Garfield (1970) y Price (1965), se corresponde con aquellos que mas citas han recibido en
otros trabajos. Se selecciond, por tanto, la base de datos Scopus como principal fuente de informacion biblio-
métrica, dado que indexa las fuentes con mayor indice de reconocimiento internacional en su Scopus Content
Coverage. Adicionalmente, sus datos permiten ser exportados a formatos facilmente interoperables mediante
herramientas de analisis bibliométrico.

Para el siguiente paso, la seleccion de las técnicas de analisis de datos, se ha optado por aquellas que han
ayudado a identificar en términos globales el corpus de la literatura mas relevante sobre ECM. Se ha realizado
un analisis de la evolucidn de la produccidn cientifica de las investigaciones mas citadas, asi como los autores
y autoras de las mismas, las citas, fuentes donde han sido publicados los trabajos y los paises de procedencia
de las autoras y autores. Por su parte se ha realizado un analisis de la evolucion de las palabras clave en el
periodo de publicacion de la muestra. Los datos anteriores, ademas se presentan agrupados por los 5 subte-
mas emergidos en el grupo focal, lo que permite tener una visidon mas precisa de aquellos aspectos que han
suscitado mayor interés desde el punto de vista de la produccion cientifica, tal como se detalla a continuacion.

En el tercer paso, que consiste en la recopilacion de los datos para la realizacidn del estudio bibliométrico,
se planificaron 10 estrategias de busqueda que se llevaron a cabo el 1 de febrero de 2025 con el siguiente pro-
cedimiento: por cada uno de los 5 subtemas seleccionados se realizaron dos busquedas, la primera referida a
todos los documentos indexados por Scopus, y la segunda de ellas limitada a los documentos publicados entre
el1deenero de 2020y el 31 de diciembre de 2024. Las cadenas de blsqueda se limitaron al titulo, resumeny pa-
labras clave, asi como al subject area de “social sciences”. A continuacién, se seleccionaron los 50 documentos
mas citados por cada uno de los subtemas, que fueron revisados individualmente por los autores de este articu-
lo mediante un proceso de triangulacidn, excluyendo aquellos que no se ajustaban en su contenido al subtema
correspondiente. Cuando se excluia un documento, se afiadia el siguiente mas citado al listado de documentos
para revisar, de tal forma que la muestra final siempre contuviera las 50 investigaciones mas citadas por cada
uno de los subtemas. Este procedimiento dio lugar a dos submuestras:

— Submuestra histérica: los 50 documentos mas citados para cada uno de los 5 subtemas desde que se

tienen registros en Scopus (n=250).

— Submuestra reciente: los 50 documentos mas citados para cada uno de los 5 subtemas, publicados
entre el 1 de enero de 2020 y el 31 de diciembre de 2024 (n=250).

En la Tabla Al del Anexo A se detallan las cadenas de busqueda utilizadas, el nimero de registros devuel-

tosy la cantidad de documentos que fueron excluidos en el proceso de triangulacion.

La separacion entre la submuestra histdrica y la submuestra mas reciente ha permitido analizar las dltimas
investigaciones del campo de la ECM que han sido mas relevantes para la comunidad cientifica por su nimero
elevado de citas, pero que hubieran pasado desapercibidos con un analisis exclusivamente histérico.

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Jacobo Roda-Segarra, Santiago Mengual-Andrés & Andrés Paya Rico

Los registros resultantes fueron importados en la herramienta Hecumen (Roda-Segarra y Mengual-Andrés,
2023) y empleando el paquete R Bibliometrix (Aria & Cuccurullo, 2017) para el desarrollo del cuarto paso, la

documentacion de resultados, que se expone a continuacién.

3. RESULTADOS

3.1. Produccion cientifica

En la muestra global, formada por la submuestra histérica y la submuestra mas reciente, encontramos docu-
mentos de tipo article (n=405; 81 %), book (n=35; 7 %), review (n=35; 7 %), book chapter (n=19; 3,8 %), conferen-

ce paper (n=3; 0,6 %) y editorial (n=3; 0,6 %), segln la nomenclatura de Scopus.

El primer registro de la submuestra histdrica que aparece en Scopus fue publicado en el afio 2000, siendo
2011 el afio con mas documentos (n=28), seguidos de 2015 (n=22) y 2016 (n=19). Desde 2022 no aparece ningln
documento, es decir, que ninguno de los documentos publicados desde 2022 en el campo de la ECM esta entre
los 250 mas citados a nivel histérico; tampoco hay ninguno publicado antes del afio 2000. La distribuciéon com-
pleta por afios de la submuestra histdrica se puede ver en la Figura Al del Anexo A, junto al modelo polinémico de
tercer grado obtenido mediante una regresion lineal miltiple de minimos cuadrados ordinarios, con la finalidad

de identificar la evolucidn a lo largo del tiempo de los 250 documentos mas citados histéricamente.

Sin embargo, la aportacion de cada subtema a la produccidn cientifica de la submuestra histdrica es dis-
par, tal como se puede analizar en la Figura A2 del Anexo A, donde se ha representado la aportacion porcen-
tual de los 50 articulos mas citados de cada uno de los 5 subtemas a la submuestra histérica. El subtema que
mas documentos aportd a la submuestra histérica en un Gnico afio fue “educacién intercultural”, con 8 docu-
mentos en 2011, seguido con 7 aportaciones en un afio por “educacion para el desarrollo sostenible” (2019),
“educacion en derechos humanos” (2011), “educacion para la paz” (2011) y “educacién intercultural” (2015).
El resto de los afios las aportaciones por cada subtema fueron bajas, con 5 0 menos articulos por afio, con
excepcion de “educacion intercultural” en 2014 y “educacion para la ciudadania mundial” en 2016, ambos con
n=6. La media fue similar en todos los subtemas puesto que todos los subtemas aportan 50 articulos en total
(M=2); la mediana también es 2, a excepcion de “educacion para el desarrollo sostenible”, que es 1. La moda en
todos los subtemas fue 0. En cuanto a la dispersion, la varianza oscila entre 3,33 y 5, mientras que la desviacion

tipica (SD) tiene un minimo de 1,83 y un maximo de 2,24.

Por cuanto respecta a la submuestra mas reciente, la mayor concentracién de documentos mas citados la
encontramos en 2020 (n=100), primer afio del intervalo temporal analizado y va decreciendo progresivamente
hasta la cota inferior en 2024 (n=6). Esto es lo previsible, puesto que los articulos del primer afio de la muestra
han tenido mas tiempo para ser citados. Sin embargo, si lo contrastamos con la submuestra histdrica expues-
ta anteriormente, los articulos mas citados no se encontraron en los primeros afios de la muestra, sino en el
intervalo 2011-2016. En la Figura A3 del Anexo A se ha representado la distribucién temporal de la submuestra

reciente junto con su modelo de evolucién.

En este caso, la aportacion de cada subtema a la submuestra se puede observar en la Figura A4 del Anexo
A. Los subtemas con mas documentos en un Unico afio fueron “educacién para el desarrollo sostenible” (n=30;

30 %), “educacion para la ciudadania mundial” (n=19; 19 %) y “educacion para la paz” (n=18; 18 %), todos ellos
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en 2020, el primer afio del intervalo temporal en esta submuestra reciente (2020-2024). A partir de 2022 la cifra
desciende a 10 articulos o menos por subtema y afio. La media siempre es la misma (M=10; SD entre 5,87 y
12,19) puesto que cada subtema aporta 50 articulos, pero en la mediana encontramos diferencias. El menor
valor lo encontramos en “educacidn para el desarrollo sostenible” (Mdn=4) y el mayor en “educacion para la
paz” (Mdn=10). En las medidas de dispersidn, los valores mas elevados los encontramos en “educacion para
el desarrollo sostenible” (SD2=148,50; SD=12,19), mientras que la menor se ha identificado en “educacién en
derechos humanos” (SD2=34,5; SD=5,87).

3.2. Autoras y autores

En lo que respecta a las autoras y autores de las investigaciones sobre ECM, la muestra conjunta esta constitui-
da por 814 personas, que han aparecido como firmantes en un total de 1103 ocasiones. Desde esta perspectiva,
153 firmaron investigaciones en solitario (18,80 %), mientras que este valor asciende a 661 (81,20 %) cuando
hablamos de articulos firmados por mas de una persona; la tasa de autores/as por articulo es de 1,63. Desde la
optica de las investigaciones, 191 documentos (38,20 %) fueron elaborados por una Unica persona, mientras
que 309 (61,80 %) fueron realizados por mas de una persona; la tasa de articulos por autor es de 0,614. Por su

parte, la tasa de coautoria (aparicién de autores dividido entre el total de articulos) asciende a 2,21.

Los 5 autores con mayor produccién en cada uno de los 5 subtemas analizados, con el desglose de los
articulos que han escrito en solitario o en colaboracion con otras personas, su posicion en el orden de firmas
de estos, asi como el indice de Dominancia, que es el cociente de los articulos en los que ha firmado en primer
lugar entre el nimero de articulos en los que ha colaborado con otras personas (Kumar & Kumar, 2008). Estos

resultados se pueden analizar en la Tabla 1.

TABLA 1. Autores/as mas productivos/as por submuestra y subtema

Articulos Autor/a Varios/as  Articulos como indice de
Submuestra Subtema Autor/a o q . X .
totales unico/a autores/as primer firmante dominancia

Lozano, R. 3 0 3 2 0,67
., Olsson, D. 3 0 3 2 0,67

Educacion para
el desarrollo Barth, M. 2 0 2 1 0,50
sostenible Cebrién, G. 2 2 1 1 0,50
Mochizuki, Y. 2 0 2 1 0,50
Osler, A. 3 1 2 1 0,50
L, Covell, K. 2 0 2 2 1,00

Educacién

Historica en derecho Stellmacher, J. 2 0 2 2 1,00
IS Al-Daraweesh, F. 1 0 1 1 1,00
Arthur, J. 1 0 1 1 1,00
Torres, C.A. 5 2 3 1 0,33
Educacién para Pashby, K. 4 3 1 1 1,00
la ciudadania Goren, H. 4 0 4 3 0,75
mundial Yemini, M. 4 0 4 1 0,25
Andreotti, V. 3 1 2 1 0,50
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Articulos Autor/a Varios/as  Articulos como indice de
Submuestra Subtema Autor/a P . " X .
totales Unico/a autores/as primer firmante dominancia
Zembylas, M. 4 1 3 2 0,67
Bekerman, Z. 4 0 4 2 0,50
Educacion Bajaj, M. 3 1 2 2 1,00
para la paz
Bar-Tal, D. 2 0 2 2 1,00
Lo Bickmore, K. 2 1 1 1 1,00
Historica " :
Hajisoteriou, C. 3 0 3 1 0,33
Elliot, D.L. 2 0 2 2 1,00
Selucaeln Faas, D. 2 1 1 1 1,00
intercultural
Hornberger, N.H. 2 1 1 1 1,00
Karousiou, C. 2 0 2 1 0,50
Cebrién, G. 3 0 3 2 0,67
s F , T 2 2 2 1,
Educacién para erguson 0 0o
el desarrollo Filho, W.L. 2 0 2 1 0,50
sostenible Sund, P. 2 0 2 1 0,50
Acosta Castellanos, P.M. 1 0 1 1 1,00
Perry-Hazan, L. 3 2 1 1 1,00
o2 Giliomee, C. 2 1 1 1 1,00
Educacion
en derechos Ahmed, A.K. 1 0 1 1 1,00
humanos Ammert, N. 1 0 1 1 1,00
Bean, TW. 1 0 1 1 1,00
Bosio, E. 11 4 7 2 0,29
Educacién para Pashby, K. 5 0 5 3 0,60
Reciente la ciudadania Akkari, A. 3 0 3 3 1,00
mundial Torres, C.A. 3 0 3 3 1,00
Stein, S. 3 1 2 1 0,50
Zembylas, M. 4 0 4 2 0,50
Kester, K. 3 1 2 1 0,50
ey Saputra, W.N.E. 2 0 2 2 1,00
para la paz
Kapshuk, Y. 2 0 2 1 0,50
Ahmed, Z.S. 1 0 1 1 1,00
Akkari, A. 2 0 2 2 1,00
Arias-Ortega, K. 2 0 2 2 1,00
Educacién Biasutti, M. 2 0 2 2 1,00
intercultural
Shadiev, R. 2 0 2 2 1,00
Sommier, M. 2 0 2 1 0,50

3.3. Analisis de citas recibidas

Para el analisis de citas, se ha revisado de forma independiente los 5 subtemas estudiados, identificando los
5 documentos que mas citas globales han recibido en cada uno de ellos, asi como la fuente de procedencia.
También se han identificado las editoriales o grupos editoriales que publican las fuentes correspondientes. En el

caso de la submuestra histérica, aquellas editoriales cuya frecuencia de aparicion es mayor de 1 son Routledge
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(n=6; 24 %), Taylor and Francis (n=5; 20 %), SAGE (n=4; 16 %), Elsevier (n=3; 12 %) y Springer (n=2; 8 %). En lo que
respecta a la submuestra reciente, Routledge sigue liderando el mayor nimero de investigaciones mas citadas
en el campo de la ECM (n=7; 28 %), seguido de Springer (n=4; 16 %), SAGE (n=3; 12 %), Taylor and Francis (n=2;

8 %), MDPI (n=2; 8 %) y Elsevier (n=2; 8 %). Las 5 editoriales que han publicado los articulos mas citados sobre

ECM, y que se han mantenido de una manera constante tanto en la submuestra histdrica como en la reciente son

Routledge, SAGE, Springer, Taylor and Francis y Elsevier. Los resultados se describen en la Tabla 2, mientras que

las referencias a estos articulos se enumeran en el Anexo B.

TABLA 2. Investigaciones mas citadas por submuestra y subtema

SUBMUESTRA HISTORICA

Citas

Subtema Titulo Fuente Editorial
globales
Key competencies in sustainability: A reference framework - . .
for academic program development (Wiek et al., 2011) 1624 Sustainability science Springer
Future-oriented higher education: Which key competencies should be 587 Futures Elsevier
fostered through university teaching and learning? (Rieckmann, 2012)
Educacién Globalization and environmental education: Looking beyond 428 Journal of curriculum  Taylor and
para el sustainable development (Jickling y Wals, 2008) studies Francis
desarrollo
sostenible Connecting competences and pedagogical approaches for sustain- Sustainabilit
able development in higher education: A literature review and frame- 427 . Yy MDPI
(Switzerland)
work proposal (Lozano et al., 2017)
Dissonance in students’ perceptions of sustainable development and Int?rnathnag{[qurpa[ Emerald
sustainability: Implications for curriculum change (Kagawa, 2007) 3% ° §ustama ihity in GrpuP
’ ’ Higher Education Publishing
., . . .. . Oxford
South Africa’s treatment action campaign: Combining law and social 185 Journal of Human Universit
mobilization to realize the right to health (Heywood, 2009) Rights Practice Press y
Human rights in social science textbooks: Cross-national analyses, 166 Sociology of SAGE
1970-2008 (Meyer et al., 2010) education
Educacién Understanding what we do: Emerging models for human rights 156 International Review Soringer
en derechos education (Tibbits, 2002) of Education pring
humanos
Human rights education: Ideology, location, and approaches 139 Human Rights Johns
(Bajaj, 2011) Quarterly Hopkings
The annals of the
Farticipatory niches for emergent citizenship in early adolescence: 85 American academy SAGE
An international perspective (Torney-Purta y Amadeo, 2011) of political and social
science
Global Citizenship: A Typology for Distinguishing its Multiple 304 British journal of Taylor and
Conceptions (Oxley y Morris, 2013) educational studies Francis
Global citizenship: Abstraction or framework for action? (Davies, 2006) 273 Educational Review Routledge
Educacién Citizenship education redefined - A systematic review of empirical In ternat/onaI.Journa[ .
; P ; > e 256 of Educational Elsevier
parala studies on global citizenship education (Goren y Yemini, 2017)
. , Research
ciudadania
mundial P
(Towards) decoloniality and diversality in global citizenship education Glol?alfzat/on, Taylor and
. 195 societies and .
(Andreotti, 2011) . Francis
education
Globalising citizenship education? A critique of ‘global education 184 British journal of Taylor and
and ‘citizenship education’ (Davies et al., 2005) educational studies Francis
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SUBMUESTRA HISTORICA

Citas

Subtema Titulo Fuente Editorial
globales
Education and
Education and conflict: Complexity and chaos (Davies, 2003) 243 Conflict: Complexity ~ Routledge
and Chaos
‘Pedagogies of resistance’ and critical peace education praxis (Bajaj, 2015) 128 Jouggz[cgit‘ilziace Routledge
E(ai:Jacla:loar; Peace education in societies involved in intractable conflicts: Direct and 128 Review of SAGE
p p indirect models (Bar-Tal y Rosen, 2009) Educational research
An experiment in peace: Reconciliation-aimed workshops of Jewish-Israeli 116 Journal of Peace SAGE
and Palestinian youth (Maoz, 2000) Research
Does peace education make a difference in the context of an intractable 106 Peace and Conflict Routledge
conflict? (Salomon, 2004)
Slicing the onion ethnographically: Layers and spaces in multilingual Wiley-
language education policy and practice (Hornbergery Johnson, 2007) i) TESOL Quatisstly Blackwell
Developing intercultural understanding and skills: models and 220 Intercultural Routledge
approaches (Perry y Southwell, 2011) education &
. . . i Journal of
Educacién Aplea for change in research on mte(cultural dlscourses. Aliquid ap- 205 multicultural Routledge
. proach to the study of the acculturation of Chinese students (Dervin, 2011) .
intercultural discourses
Language awareness and (critical) cultural awareness - relationships, Taylor and
: 143 Language awareness .
comparisons and contrasts (Byram, 2012) Francis
Assessing intercultural sensitivity: An empirical analysis of the Hammer Intern_at:onalj ournal .
. 127 of intercultural Elsevier
and Bennett Intercultural Development Inventory (Paige et al., 2003) N
relations
SUBMUESTRA RECIENTE
Subtema Titulo (Gl Fuente Editorial
globales
Key competencies in sustainability in higher education—toward an 356 Sustainability Springer
agreed-upon reference framework (Brundiers et al., 2021) Science pring
Education for the future? Critical evaluation of education for sustainable Journal of Environ-  Taylor and
. 273 . R
development goals (Kopnina, 2020) mental Education Francis
Educacién Beijing
Five trends of education and technology in a sustainable future Geography and Normal
parael 143 IO N
(Burbules et al., 2020) Sustainability University
desarrollo
X Press
sostenible
Synergizing education, research, campus operations, and communit; International Journal Emerald
eﬁ ageme%ts (Menon’ Suresh ,20205 P ' g 131 of Sustainability in Group
999 y ’ Higher Education Publishing
Competencies in education for sustainable development: Emerging 125 Sustainability (Swit- MDPI
teaching and research developments (Cebrian et al., 2020) zerland)
The council of Europe’s reference framework of competences for demo- 36 London Review of Routledge
cratic culture: Policy context, content and impact (Barrett, 2020) Education g
Congeptua[lsmg conflicts between student participation and other rights 2 Discourse Routledge
and interests (Perry-Hazan, 2021)
Educacién . . . . .
enderechos  Human rights edu'cqt'lqn. deve{opmg a theoretical understanding of 2 Educational Review  Routledge
h teachers’ responsibilities (Robinson et al., 2020)
umanos
Students’ Perceptions of Their Rights in School: A Systematic Review of a1 Review of Education- SAGE
the International Literature (Perry-Hazan, 2021) al Research
Students’ Understanding of Institutional Practices: The Missing Dimen- 19 American Education- SAGE

sion in Human Rights Education (Barton, 2020)

al Research Journal
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SUBMUESTRA RECIENTE

Citas

Subtema Titulo Fuente Editorial
globales
A meta-review of typologies of global citizenship education Comparative
(Pashby et al., 2020) 184 Education Routledge
. - L . . . Critical Studies in Taylor and
An ideology critique of global citizenship education (Pais y Costa, 2020) 132 Education Francis
Educacion Global citizenship education at the crossroads: Globalization, global .
parala . . X 89 Prospects Springer
. B commons, common good, and critical consciousness (Torres y Bosio, 2020)
ciudadania
mundial :
Atransnational model of virtual exchange for global citizenship 7 Language Teachin CUanrR/erlgi{ge
education (0’Dowd, 2020) guag 9 P Y
ress
Who Needs Global Citizenship Education? A Review of the Literature on 66 Journal of Teacher SAGE
Teacher Education (Estellés y Fischman, 2021) Education
Toward a Decolonial Praxis in Critical Peace Education: Postcolonial 4 Studies in Philosophy Springer
Insights and Pedagogic Possibilities (Hajir y Kester, 2020) and Education pring
Achieving and monitoring education for sustainable development N
o o . . . Sustainability
and global citizenship: A systematic review of the literature 37 e MDPI
(Edwards et al., 2020)
Role and Impact
. TRrrm F180=1] . . of Tourism in
Educacién Acadenyc mobility: Bridging tourism and peace education 35 Peacebuilding 11 Global
(Monteiro et al., 2020) .
para la paz and Conflict
Transformation
Rethinking peace education: A cultural political economy approach Comparative Unlvgrsny
S . 29 ; ; of Chicago
(Higgins y Novelli, 2020) Education Review P
ress
Affective practices, difficult histories and peace education .
: s S . . . Teaching and .
An analysis of teachers’ affective dilemmas in ethnically divided 29 Teacher Education Elsevier
Cyprus (Zembylas y Loukaidis, 2021)
Teacher Education for Critical and Reflexive Interculturality Tquher Educat/on_for .
- 38 Critical and Reflexive Springer
(Derviny Jacobsson, 2021) .
Interculturality
Sustainable intercultural and inclusive education: teachers’ efforts on 18 Pedagogy, Culture Routledge
promoting a combining paradigm (Sorkos y Hajisoteriou, 2021) and Society 8
Educacién A review of rgsearch on intercultural learning supported by technology 37 Educatlonql Research Elsevier
. (Shadiev y Sintawati, 2020) Review
intercultural
Supporting Critical Multicultural Teacher Educators: Transformative tea-
: T : : SR Intercultural
ching, social justice education, and perceptions of institutional support 36 . Routledge
) Education
(Gorskiy Parekh, 2020)
Working in the classroom with migrant and refugee students: Pedagoay. Culture
the practices and needs of Italian primary and middle school teachers 36 a g d%‘gcie ty Routledge

(Biasutti et al., 2020)

Fuente: elaboracion propia

3.4. Fuentes

Para el analisis de las fuentes se ha recurrido a identificar cuales han sido las 5 fuentes con mayor frecuencia de

aparicion, calculando el porcentaje que ha copado de las 50 publicaciones mas citadas en el subtema. Este analisis

se ha realizado tanto de la submuestra histdrica como de la submuestra reciente, y se puede analizar en la Tabla 3.
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También se han incluido en el analisis las editoriales o grupos editoriales que publican la fuente. En

la submuestra histdrica, las editoriales que han publicado mas de una fuente son Routledge (n=12; 48 %),

Taylor and Francis (n=5; 20 %), Elsevier (n=2; 8 %) y Springer (n=2; 8 %). En la submuestra reciente encon-

tramos a Routledge de nuevo (n=10; 40 %), Springer (n=4; 16 %) y Taylor and Francis (n=2; 8 %). Las tres

editoriales que se han mantenido en ambas submuestras han sido Routledge, Taylor and Francisy Springer.

Como fuente cabe destacar los resultados obtenidos por la revista Sustainability, que ha publicado el 50 %

de los articulos en el Gltimo lustro referentes al subtema “educacion para el desarrollo sostenible”.

TABLA 3. Principales revistas que han publicado las submuestras por subtema

SUBMUESTRA HISTORICA

Subtema Fuente Articulos % Editorial
Environmental Education Research 11 22%  Carfax Publishing
International Journal Of Sustainability In Higher Education 11 22% En;eijr; ll ghGl ;ogu P
Educacién para el
desarrollo sostenible Sustainability (Switzerland) 9 18% MDPI
Sustainability Science 4 8% Springer
Journal Of Environmental Education 2 4%  Taylor and Francis
Educational Research 3 6 % Routledge
Human Rights Quarterly 3 6 % Johns Hopkings
Eﬂ::::?sn Bl Gl Cambridge Journal of Education 2 4% Routledge
Educational Philosophy and Theory 2 4%  Taylor and Francis
Educational Review 2 4% Routledge
Globalisation Societies and Education 7 14% Routledge
Compare 4 8% Routledge
Ei?:::l‘;adczia?n?apni?nljial Educational Review 3 6% Routledge
Teaching and Teacher Education 3 6% Elsevier
British Journal of Educational Studies 2 4%  Taylorand Francis
Journal of Peace Education 12 24 % Routledge
International Review of Education 3 6% Springer
Educacién para la paz Peace and Conflict 3 6% Routledge
Theory into Practice 3 6% Routledge
Compare 2 4% Routledge
Intercultural Education 5 10 % Routledge
Compare 2 4% Routledge
Educacién intercultural Higher Education Research and Development 2 4%  Taylor and Francis
International Journal of Intercultural Relations 2 4% Elsevier
Language and Intercultural Communication 2 4%  Taylorand Francis
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SUBMUESTRA RECIENTE

Subtema Fuente Articulos % Editorial
Sustainability (Switzerland) 25 50 % MDPI
International Journal of Sustainability in Higher Education 7 14% Emeral.d Qroup
Publishing
Educacion para el. Environmental Education Research 4 8%  Carfax Publishing
desarrollo sostenible
Sustainability Science 3 6% Springer
. . . 0,50 University of
Comparative Education Review 1 % Chicago Press
American Educational Research Journal 2 4% SAGE
Educational Review 2 4% Routledge
Educacién en derechos International Journal of Children’s Rights 2 4% AETS i
Publishers
humanos
International Journal of Human Rights 2 4% Routledge
Journal of Human Rights and Social Work 2 4% ST Z SR
Business Media
Globalisation Societies and Education 9 18% Routledge
Conversations on Global Citizenship Education: Perspectives o
on Research Teaching and Learning in Higher Education 4 8% Routledge
Educacién para la 9 :
ciudadania mundial Prospects 4 8% Springer
Citizenship Teaching and Learning 3 6% Intellect
Global Citizenship Education: Critical and International Per- .
. 3 6% Springer
spectives
Journal of Peace Education 14 28% Routledge
Peace and Conflict 5} 10% Routledge
Educacién para la paz Journal of Social Studies Education Research 2 4% ASSE
Art Education 1 0,50% Routledge
British Journal of Sociology of Education 1 0,50% Taylor and Francis
Intercultural Education 5 10% Routledge
Globalisation Societies and Education 2 4% Routledge
Educacién intercultural Journal of Multilingual and Multicultural Development 2 4% Routledge
Journal of New Approaches in Educational Research 2 4% Springer
Language and Intercultural Communication 2 4%  Taylor and Francis

Fuente: elaboracién propia

3.5. Paises de correspondencia

A continuacion, se ha realizado un analisis de los 5 paises de las universidades o centros de investigacion
(filiacidn institucional) a los que pertenecen las autoras y autores de correspondencia de las investigacio-
nes que mas han aparecido en cada uno de los subtemas. El nimero de articulos por pais se ha desglosado
entre aquellos articulos cuyos firmantes provenian de instituciones del mismo pais (SCP), y los articulos
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que tenian firmantes de diferentes paises (MCP), calculando consecuentemente la ratio de articulos MCP
(MCP/total articulos del pais). El analisis SCP indica una colaboracion intra-pais, mientras que el MCP re-
flejaria una colaboracion inter-pais (Alzard et al., 2022). Asi pues, una ratio MCP cercana a 1 indica una alta
colaboracién inter-pais, mientras que una cifra mas préxima a 0 indica una alta colaboracién intra-pais. Los

resultados por submuestra y subtema pueden observarse en la Tabla 4.

TABLA 4. Paises de correspondencia y colaboracion entre paises por submuestra y subtema

SUBMUESTRA HISTORICA

Subtema Pais Articulos  Frecuencia SCP  MCP  MCP ratio
Suecia 8 0,1818 4 4 0,500
Reino Unido 7 0,1591 7 0 0,000
Educacién para el desarrollo sostenible Alemania 5 0,1136 3 2 0,400
Paises Bajos 3 0,0682 2 1 0,333
Estados Unidos 3 0,0682 1 2 0,667
Reino Unido 8 0,2353 7 1 0,125
Estados Unidos 8 0,2353 8 0 0,000
Educacion en derechos humanos Alemania 3 0,0882 3 0 0,000
Canada 2 0,0588 2 0 0,000
Chipre 2 0,0588 2 0 0,000
Reino Unido 14 0,3889 10 4 0,286
Canada 6 0,1667 6 0 0,000
Educacién para la ciudadania mundial Israel 4 0,1111 3 1 0,250
Estados Unidos 3 0,0833 2 1 0,333
Irlanda 2 0,0556 2 0 0,000
Estados Unidos 10 0,3125 7 3 0,300
Israel 7 0,2188 6 1 0,143
Educacién para la paz Reino Unido 7 0,2188 7 0 0,000
Chipre 3 0,0938 2 1 0,333
Corea 2 0,0625 0 2 1,000
Reino Unido 7 0,2000 6 1 0,143
Estados Unidos 4 0,1143 4 0 0,000
Educacién intercultural Alemania 3 0,0857 2 1 0,333
Brasil 2 0,0571 2 0 0,000
Canada 2 0,0571 2 0 0,000

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Jacobo Roda-Segarra, Santiago Mengual-Andrés & Andrés Paya Rico

SUBMUESTRA RECIENTE

Subtema Pais Articulos  Frecuencia SCP  MCP MCP ratio
Espaiia 13 0,2889 10 3 0,231
Alemania 6 0,1333 4 2 0,333
Educacién para el desarrollo sostenible China 4 0,0889 4 0 0,000
Suecia 4 0,0889 3 1 0,250
Brasil 2 0,0444 0 2 1,000
Reino Unido 7 0,1795 6 1 0,143
Estados Unidos 7 0,1795 7 0 0,000
Educacién en derechos humanos Sudafrica 4 0,1026 3 1 0,250
Suecia 3 0,0769 2 1 0,333
Chile 2 0,0513 2 0 0,000
Reino Unido 7 0,1944 4 3 0,429
Japén 5 0,1389 2 3 0,600
Educacién para la ciudadania mundial Canada 4 0,1111 4 0 0,000
Corea 4 0,1111 2 2 0,500
Espafia 3 0,0833 2 1 0,333
Estados Unidos 11 0,2683 9 2 0,182
Chipre 4 0,0976 4 0 0,000
Educacién para la paz Reino Unido 4 0,0976 4 0 0,000
Israel 3 0,0732 3 0 0,000
Corea 3 0,0732 1 2 0,667
Chile 6 0,150 4 2 0,333
Italia 6 0,150 3 3 0,500
Educacién intercultural Finlandia 4 0,100 0 4 1,000
Reino Unido 4 0,100 3 1 0,250
Australia 3 0,075 3 0 0,000

Fuente: elaboracion propia

3.6. Analisis de las palabras clave

Para el analisis de las palabras clave se han identificado los términos mas frecuentes en la muestra global
(submuestra histdrica junto con la submuestra reciente con todos los subtemas sin diferenciacién). Para
la seleccidon de palabras clave se estableci6 un criterio de frecuencia minima de aparicién de 2 palabras
clave por afio, asi como una aparicion minima global de 2, para poder considerarla en el analisis tematico;
esto implica que, para poder ser considerada, al menos debia haber aparecido un afio en dos ocasiones. La
aplicacion de estos criterios en la muestra global ha dado lugar a la seleccién de 26 términos. Estas pala-

bras clave se han representado graficamente para mostrar la evolucion de su interés en las investigaciones

CD | INNOEDUCA




Innoeduca. International Journal of Technology and Educational Innovation
Jacobo Roda-Segarra, Santiago Mengual-Andrés & Andrés Paya Rico

cientificas mas citadas. El segmento tiene su inicio en el primer cuartil y finaliza en el tercer cuartil de la dis-
tribucion de cada una de las palabras clave. La circunferencia representada sobre el segmento corresponde
al tercer cuartil, y su didmetro se correlaciona con la frecuencia de aparicion del término. Esta informacion

queda representada en la Figura 1.

FIGURA 1. Evolucidn de las palabras clave en la muestra global
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Fuente: elaboracion propia

4. DISCUSION

El objetivo del presente estudio ha sido realizar un analisis bibliométrico de la produccién cientifica mas re-
levante en el campo de la ECM a través de dos analisis complementarios: la produccién cientifica mas citada
desde que se tienen registros en Scopus y la produccidn cientifica mas citada en el dltimo lustro correspon-
diente al intervalo 2020-2024. Adicionalmente, cada una de las dos submuestras (histdrica y mas reciente)
ha sido obtenida mediante la bisqueda de documentos en 5 subtematicas relacionadas con la ECM. Cada
una de las subtematicas por cada uno de las dos submuestras contaba con los 50 documentos mas citados,

lo que ha conformado una muestra global de 500 documentos.

El tipo de documento mas frecuente en la muestra global ha sido el articulo (81 %), destacando que

son mas frecuentes los libros completos (7 %) frente a los capitulos de libro (3,8 %). En lo que se refiere al
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analisis de la produccién cientifica, no ha lugar la comprobacién de la Ley de Price para identificar si la tasa
de crecimiento de la produccién cientifica tiene un crecimiento exponencial (Fernandez et al., 2004), puesto
que la muestra esta compuesta por los articulos mas relevantes, no por la produccion total. Esta relevancia
viene determinada por el nimero de citas, segln los principios cienciométricos planteados por Garfield
(1970) y Price (1965). En base a esta premisa, y tal como se ha indicado previamente, para poder estudiar los
articulos mas relevantes en los Gltimos afios, ademas de los mas relevantes en todos los tiempos, la mues-

tra se ha subdividido en dos submuestras.

En la submuestra histdrica, compuesta por los 250 articulos mas citados de todos los tiempos (50 por
cada subtema), encontramos un valor nulo de la moda, lo que indica varios afios en los que no hay ningin
articulo entre los 50 mas citados en cada subtema. Estos afios con 0 articulos se ubican en el intervalo 2021-
2024, lo que es esperable teniendo en cuenta que la submuestra histérica comienza en el afio 2000 (que es el
primer afio en el que hay registros en Scopus), y los Ultimos afios han aparecido articulos que no han tenido
el mismo tiempo para ser citados, a diferencia de articulos publicados con anterioridad. La desviacién es-
tandar, entre 1,83 y 2,24, indica variaciones moderadas en lo que se refiere a la produccion cientifica anual
de esta submuestra. Sin embargo, el mayor nimero de articulos se concentra en el intervalo 2011-2016,
con n=104, lo que supone un 41,60 % de toda la submuestra histérica. Este dato cabe ser destacado puesto
que, a pesar de que los articulos de los primeros afios de la submuestra histdrica tuvieron mas afios para
ser citados (como si que sucede en la submuestra reciente), los articulos que fueron citados mas veces se
concentran en este intervalo. Teniendo en cuenta que los Objetivos de Desarrollo Sostenible fueron adopta-
dos por las Naciones Unidas en 2015, fecha que esta incluida dentro del intervalo de mayor concentracion
de articulos relevantes, se puede inferir la relevancia de esta efeméride en las investigaciones sobre la ECM,
en tanto en cuanto la ECM estd incluida en la estructura general de los Objetivos de Desarrollo Sostenible
(Collado, 2017). El modelo polinémico de evolucidn refleja esta cota superior, asi como su posterior declive
a partir de 2016, por el motivo ya expuesto del menor tiempo para poder recibir citaciones. A nivel de los
subtemas, la mayor aportacién de documentos por parte de un subtema en un Unico afio fue “educacién
para el desarrollo sostenible” en 2019, que supuso un 58,33 % de las investigaciones de ese mismo afio. El
resto de las aportaciones puntuales en un Unico afio descendieron notablemente, encontrando el siguiente
valor en “educacion intercultural”, que aparece en dos afios: en 2015 supuso un 31,82 %, mientras que en

2011 aportd un 28,57 % de los documentos de ese afio.

En la submuestra mas reciente, los dos primeros afios del intervalo analizado (2020-2024) cubren 180
articulos, lo que supone que el 72 % de los 250 articulos mas citados recientemente se concentran entre
2020y 2021. Diversas investigaciones reflejan un aumento significativo en la produccion cientifica en diver-
sas disciplinas durante 2021 (Obenauf, 2020; Rousseau et al., 2023), lo que podria atribuirse a la pandemia
de COVID-19 y los consiguientes periodos de confinamiento. A partir de ese momento, tal como se puede
identificar en el modelo polindmico de evolucién correspondiente, el nimero de articulos por afio des-
ciende significativamente. Estos resultados son lo esperable, ya que los primeros afios del intervalo han
tenido mas tiempo para ser citados, mientras que los de los afios posteriores han tenido menos tiempo
para recibir citas. Pero, como se ha indicado anteriormente, contrasta con los resultados de la submuestra
histérica, cuyos articulos mas citados estan entre 2011y 2016. En lo que se refiere a la submuestra recien-

te, las medidas de dispersidn indican que este descenso no ha sido homogéneo en todos los subtemas.
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La mayor dispersion de datos se ha dado en “educacion para el desarrollo sostenible” (SD=12,19), lo que
indica que la cantidad de articulos publicados oscila ampliamente a lo largo de los afios, mientras que el
subtema de “educacién en derechos humanos” (SD=5,87) mantiene una homogeneidad mayor, con unos
valores de dispersién menores. Los subtemas que mas articulos aportaron en un Unico afio (2020) fueron
“educacion para el desarrollo sostenible”, que supuso un 30 % de los articulos del afio, seguido por “educa-

cion para la ciudadania mundial” (19 %) y “educacion para la paz” (18 %).

En lo concerniente al analisis de las autorias de las investigaciones, el primer dato a destacar es que un
amplio porcentaje de las autoras y autores realizaron investigaciones en colaboracién con otras personas
(81,20 %). A pesar de este porcentaje tan elevado, las colaboraciones no fueron demasiado numerosas en
cada uno de los articulos, puesto que el promedio de autores/as por articulo es de 1,63. La cifra es baja si la
comparamos con otros estudios bibliométricos en campos como el de las tecnologias educativas, con pro-
medios de autores/as por articulo cercanos a 3 (Roda-Segarra et al., 2022), pero significativamente mayor

que en las investigaciones en historia de la educacién, con cifras menores a 1 (Roda-Segarra et al., 2023).

En la submuestra histdrica hay un alto grado de especializacidn entre los autores y autoras con mayor
grado de produccion cientifica, puesto que ninguna de las personas aparece en mas de un subtema. Des-
taca Torres con 5 articulos entre los mas citados en el subtema de “educacion para la ciudadania mundial”,
pero teniendo en cuenta que en 3 de ellos firmé con otras personas, y en solo uno de ellos firmé en primer
lugar, con lo que su indice de dominancia desciende a 0,33. Con 4 articulos en el mismo subtema, pero con
un indice de dominancia de 1 por el Unico articulo que firmd con otras personas, encontramos a Karen
Pashby, afiliada a la Manchester Metropolitan University. También con 4 articulos en el mismo subtemay
valores inferiores de dominancia estan Heela Goren del University College London y Miri Yemini en Tech-
nion, mientras que Michalinos Zembylas de la Open University of Cyprus y Zvi Bekerman de The Hebrew

University of Jerusalem también cuentan con 4 articulos en el subtema “educacion para la paz”.

Sin embargo, en la submuestra reciente si que aparece un autor en dos subtemas diferentes: Abdeljalil
Akkari de la University of Geneva (“educacion para la ciudadania mundial” y “educacién intercultural” con 3
y 2 articulos respectivamente, todos ellos escritos en colaboracion con otras personas y siempre como pri-
mer firmante). En esta submuestra destaca por su amplia produccién Emiliano Bosio de la Toyo University,
con 11 investigaciones en el subtema de “educacién para la ciudadania mundial”, destacando que en 7 de
ellas firmo con otras personas, pero no como primer firmante (indice de dominancia de 0,29). En cualquier
caso, el dato de su produccidn implica que el 22 % de los 50 articulos mas relevantes en el intervalo 2020-

2024 en el subtema de “educacion para la ciudadania mundial” fueron firmados por este autor.

Solo 4 autores aparecen tanto en la submuestra histérica como en la submuestra reciente. Estos son
Gisela Cebrian (Universitat Rovira i Virgili) en “educacion para el desarrollo sostenible”, Karen Pashby y Carlos

Alberto Torres en “educacion para la ciudadania mundial” y Michalinos Zembylas en “educacién para la paz”.

Para el analisis de las citaciones de la submuestra histdrica, el subtema que mas citaciones ha acumu-
lado es “educacion para el desarrollo sostenible” y el articulo Key competencies in sustainability: A referen-
ce framework for academic program development (Wiek et al., 2011) concentra el 46,91 % de las citaciones
totales de los 5 articulos mas relevantes en el subtema. Asi pues, el reparto de citaciones en este subtema

no es homogéneo, y se puede observar un salto abrupto en el porcentaje de citaciones acumuladas con
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el siguiente articulo (16,96 %), que es Future-oriented higher education: Which key competencies should be
fostered through university teaching and learning? (Rieckmann, 2012). Los 3 articulos restantes del subtema

tienen un 12 % o menos de las citaciones.

Paralelamente en la submuestra reciente, encontramos de nuevo “educacidn para el desarrollo sosteni-
ble” como el subtema con mas citaciones acumuladas, y el primer articulo en la lista corresponde al articulo
mas citado en la submuestra histérica. Sin embargo, el interés por este articulo no radica en el intervalo re-
ciente de 2020-2024, ya que estos 5 afios acumularon solo un 21,92 % de las citas totales que recibid, mientras

que el 78,08 % de las citas restantes las recibié en los primeros nueve afios desde su publicacién (2011-2019).

Analizando ambas submuestras destaca el hecho de que el articulo Key competencies in sustainability:
A reference framework for academic program development (Wiek et al., 2011) es el Gnico que coincide en la
submuestra histéricay en la reciente. Este punto refuerza el planteamiento de partida de la presente inves-
tigacion, que ha consistido en realizar un analisis diferenciado entre los documentos mas citados, y los mas
citados de los ultimos afios. La practica totalidad de los articulos mas citados en los Gltimos afios (96 %)
eran articulos que no aparecian en el listado de los articulos mas citados desde que se tienen registros en
Scopus, debido a la menor cantidad de afios que tuvieron para poder recibir citas, haciendo que los articu-

los mas recientes se invisibilizaran.

En cuanto a las fuentes, en el subtema “educacion para el desarrollo sostenible” coinciden 4 de las 5
principales revistas tanto en la submuestra histérica como en la reciente. Estas son Environmental Educa-
tion Research, International Journal Of Sustainability In Higher Education, Sustainability (Switzerland) y
Sustainability Science. Estas 4 revistas han mantenido el liderazgo publicando los articulos mas relevantes
de todos los tiempos en “educacion para el desarrollo sostenible”, y han mantenido esta posicion en los 5
Gltimos afios. En el subtema de “educacién en derechos humanos” esta situacién solo ocurre con la revista
Educational Review, al igual que en “educacién para la ciudadania mundial” con la revista Globalisation
Societies and Education, o en “educacion para la paz” con Journal of Peace Education. En “educacion in-

tercultural” aparecen dos revistas: Intercultural Education y Language and Intercultural Communication.

También se ha identificado un grado de especializacién muy alto en el analisis de las fuentes. En la
submuestra histérica, las Unicas revistas que publicaron los articulos mas relevantes de mas de un subtema
fueron Educational Review (“educacién en derechos humanos” y “educacion para la ciudadania mundial”)
y Compare (“educacién para la ciudadania mundial”, “educacion para la paz” y “educacion intercultural”).
En la submuestra reciente, la Gnica revista que publicé en mas de un subtema fue Globalisation Societies

and Education (“educacién para la ciudadania mundial” y “educacién intercultural”).

Respecto al analisis de los paises de la filiacion institucional de los autores de correspondencia de las
investigaciones, cabe destacar la emergencia de una serie de paises en los articulos mas relevantes de los
Gltimos 5 afios, que no se encontraban entre los articulos mas relevantes de todos los tiempos. Estos paises
son Australia, Chile, China, Espafia, Finlandia, Israel, Italia, Japon y Sudafrica. Destacan los casos de Espafia,
Chile e Italia en los tres primeros lugares que, con 16, 8 y 6 articulos respectivamente, se sitGian entre los
paises de correspondencia con mas autores y autoras de las investigaciones mas relevantes en los ultimos
5 afios. Espafia lidera en el subtema “educacion para el desarrollo sostenible”, mientras que Chile e Italia

estan en primer y segundo lugar en “educacion intercultural”,
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Para el Ultimo analisis de las palabras clave mas frecuentes en la muestra global, compuesta por la
submuestra histérica y la reciente, en la que se han incluido todos los subtemas sin diferenciacién, se han
identificado 26 términos que cumplian los requisitos establecidos (al menos debian haber aparecido 2 ve-
ces en un Unico afio). Estas 26 palabras clave mas utilizadas en la muestra global se han agrupado en cuatro

grandes bloques de términos: geograficos, sociopoliticos, conceptuales y cientifico-metodoldgicos.

El primer bloque de términos geograficos estd compuesto por las palabras clave africa, colombia, eu-
rope, israel, united kingdom y united states. El segundo bloque sociopolitico esta formado por las palabras
clave conflict management, cultural relations, human rights, institutional framework, political system, social
conflict, sustainable development y sustainable development goal. El tercer bloque conceptual estd com-
puesto por las palabras clave decision making, education, geography education, holistic approach, langua-
ge, philosophy, strategic approachy young population. El Gltimo bloque cientifico-metodoldgico correspon-

de a las palabras clave article, empirical analysis, interview y questionnaire survey.

Todos los términos geograficos emergieron en momentos puntuales, con un interés muy breve a nivel
temporal, a excepcion de dos: israel y united states. Ambos términos geograficos comenzaron a tener rele-

vancia en 2008, y esta se extendié durante una década después hasta 2018.

El término mas relevante a nivel de constancia en su aparicién a lo largo de los afios es human rights,
del bloque sociopolitico, cuyo interés comienza en 2005 y se extiende hasta 2020, con un punto algido en
2012, en el centro del intervalo. También ha sido el tercer término que mas veces ha aparecido en la muestra
global (n=17). En el extremo opuesto esta el término sustainable development, también del bloque sociopo-
litico, que aparece en 37 ocasiones, mas del doble que human rights, pero cuyo interés se concentra en solo
dos afios (2019-2020). Asi pues, ha sido un término emergente muy reciente y con un impacto muy elevado

en los articulos mas relevantes, situandose en como la segunda palabra clave mas utilizada.

Por su parte, el bloque mas numeroso es el conceptual con 9 términos, y dentro de los mismos destaca
por su amplitud en la linea temporal strategic approach, cuya relevancia comienza en 2007 y finaliza en
2020, siendo mas destacada hacia el final del intervalo (2017). El resto de los términos son emergentes, con
una distancia menor entre el primer y el tercer cuartil, a excepcidn de education, cuyo interés se extiende
entre 2011y 2021, con una mayor relevancia al final del intervalo (2020) y young population (aunque su in-
terés es anterior, entre 2006 y 2014).

La coincidencia de estos tres Gltimos términos sugiere que los conceptos strategic approach, education
y young population constituyen elementos clave en la produccidn cientifica sobre ECM. La relacion entre
los tres conceptos enfatiza la relevancia de adoptar un enfoque estratégico en el dmbito educativo, espe-
cialmente dirigido a la poblacién joven, siendo esta una piedra angular para la formacién de ciudadanas 'y
ciudadanos globales. Este hallazgo remarca la importancia clave de disefiar practicas educativas y politicas

que desarrollen las competencias en ECM desde una edad temprana.

5. CONCLUSIONES

En la presente investigacion se ha realizado un andlisis de la produccién cientifica con una muestra de 500
articulos, corroborando que en la submuestra histérica en Gltimos afios no hay articulos relevantes (por
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la l6gica del tiempo necesario para recibir citaciones), y destacando que el mayor nimero de articulos re-
levantes se concentra en el intervalo 2011-2016, alrededor de la adopcidn de los Objetivos de Desarrollo
Sostenible en 2015; en este sentido también cabe mencionar que el subtema “educacidn para el desarrollo

sostenible” es el que mas citaciones acumula.

Con los analisis de autorias y de fuentes, se ha identificado que, a pesar de que hay un nimero elevado
de autoresy autoras que realizaron la investigacion con otras personas, el promedio de personas por articu-
lo es bajo (1,63), con lo que no son colaboraciones demasiado extensas. También se ha podido observar un
grado de especializacion alto, al menos en la submuestra histérica, de tal forma que ninguna persona publi-
c6 en mas de un subtema, y solo 1 lo hizo en mas de un subtema recientemente. Esta especializacion tam-

bién se aplica a las fuentes, de tal forma que solo tres revistas repiten publicando en mas de un subtema.

El analisis reciente ha permitido identificar una serie de instituciones de investigacion de paises que
han emergido en el dltimo lustro, erigiéndose como los paises de las autoras y autores de correspondencia
de las investigaciones mas relevantes en los dltimos afios, aunque con unas tasas de colaboracién entre
instituciones de diferentes paises en las investigaciones bajas. Entre estos paises destacan Espafia, Chile e

Italia en los tres primeros lugares.

Finalmente, un estudio de la evolucion de las palabras clave mas frecuentes ha permitido identificar
cuatro grandes bloques de términos: geograficos, sociopoliticos, conceptuales y cientifico-metodoldgicos.
Destaca la emergenciay brevedad de los términos geograficos (a pesar de la constancia de Israel y nited sta-
tes). También destaca la amplitud del bloque conceptual, dentro de la cual se ha identificado la relevancia
de la terna strategic approach, education y young population, que constituyen tres elementos clave de la
produccion cientifica sobre ECM, y que, juntos, enfatizan lo pertinente de adoptar un enfoque estratégico
en el &mbito educativo, dirigiéndose a la poblacion joven, disefiando practicas educativas y politicas que

fomenten las competencias en ECM desde una edad temprana.

6. CONTRIBUCION DE AUTORES

Conceptualizacidn: Autor/al, Autor/a 2, Autor/a 3; Curacion de datos: Autor/al, Autor/a 2, Autor/a 3; Analisis
formal: Autor/al, Autor/a 2, Autor/a 3; Adquisicidn de fondos: Autor/al, Autor/a 2, Autor/a 3; Investigacion:
Autor/al, Autor/a 2, Autor/a 3; Metodologia: Autor/al, Autor/a 2, Autor/a 3; Recursos: Autor/al, Autor/a 2,
Autor/a 3; Supervision: Autor/al, Autor/a 2, Autor/a 3; Validacion: Autor/al, Autor/a 2, Autor/a 3; Visualiza-
cion: Autor/al, Autor/a 2, Autor/a 3; Redaccion - borrador original: Autor/al, Autor/a 2, Autor/a 3; Redaccion

- revision y edicion: Autor/al, Autor/a 2, Autor/a 3.
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TABLA Al. Datos relativos a la obtencién de las submuestras

Registros Scopus totales

Excluidos de los 50 mas citados

Cadena de blsqueda

Sub. histérica (n)

Sub. histérica Sub. reciente

Sub. reciente (n)

n % n %
“Educacion para el desarrollo sostenible OR o o
“Education for Sustainable Development” 3308 1770 8 16% 14 28%
“Educauop en derechos h’l’Jmanos OR 706 232 16 2% 17 34%
Human Rights Education
“Educacion para la ciudadania mundial” OR o N
“Global Citizenship Education” 847 502 7 14% 3 6%
“Educacién para la paz” OR “Peace Education” 1071 401 3 6% 7 14%
Educacidn intercultural” OR 1778 671 5 2% 5 10%

“Intercultural Education”

Fuente: elaboracién propia
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FIGURA Al. Distribucién temporal de la submuestra histdrica junto a su modelo de evolucion

Fuente: elaboracion propia

FIGURA A2. Aportacion de cada subtema a la submuestra histérica
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FIGURA A3. Distribucién temporal de la submuestra reciente junto a su modelo de evolucion

Fuente: elaboracion propia

FIGURA A4. Aportacion de cada subtema a la submuestra reciente
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