
Vol. 10 nº 2



INNOEDUCA

Innoeduca. International Journal of Technology and Educational Innovation
Vol. 10. No. 2. December 2024 - ISSN-e: 2444-2925

DIRECCIÓN
Julio Ruiz-Palmero, Universidad de Málaga, España 

DIRECTORES ADJUNTOS
Francisco David Guillén Gámez, Universidad de Málaga, España 

Inmaculada Martínez García, Universidad de Málaga, España 

COMITÉ CIENTÍFICO INTERNACIONAL
Łukasz Tomczyk, Universidad Jagellónica, Polonia

Amit Kumar, Universidad de Chitkara, India

Akhmad Habibi, Universidad de Jambi, Indonesia

Fernando José Sadio Ramos, Universidad de Coimbra, Portugal

Myriam Esther Ortiz Padilla, Universidad de Simón Bolívar, Colombia

Juan Jesús Mondéjar Rodríguez, Universidad de Matanzas, Cuba

Imane Bakkali, Universidad Abdelmalek Essaadi, Marruecos

Anthi Karatrantou, Universidad de Patras, Grecia

Gabriel Estuardo Cevallos, Instituto Superior Tecnológico Tsachila, Ecuador

Zhonggen Yu, Universidad de Lenguaje y Cultura de Beijing, China

Indrajit Doddanavar, Universidad Rani Channamma, India

Linda Daniela, Universidad de Letonia, Letonia

Manuel León-Urrutia, Universidad de Southampton, Reino Unido

Giorgio Poletti, Universidad de Ferrara, Italia

Eftychia Xerou, Universidad de Chipre, Chipre

Cesar Calderón Mayorga, Universidad de Guadalajara, México

Jorge Figueroa, Universidad de la Mujer de Texas, Estados Unidos

COMITÉ CIENTÍFICO NACIONAL 
Julio Cabero Almenara, Universidad de Sevilla, España

María Paz Prendes Espinosa, Universidad de Murcia, España

Rosabel Roig Vila, Universidad de Alicante, España

Eloy López-Meneses, Universidad Pablo de Olavide, España

Melchor Gómez García, Universidad Autónoma de Madrid, España

Carmen Fernández Morante, Universidad de Santiago, España

Vicente Gabarda Méndez, Universidad de Valencia, España

Verónica Sierra Sánchez, Universidad de Zaragoza, España

Urtza Garay Ruiz, Universidad del País Vasco, España

Enrique Sánchez-Rivas, Universidad de Málaga, España

José Sánchez Rodríguez, Universidad de Málaga, España

REVISIÓN DE TEXTOS EN INGLÉS
Rocío Pérez del Río, Universidad de Málaga, España

Lauren Basgall, Universidad de Málaga, España

DISEÑO GRÁFICO Y MAQUETACIÓN
Rosana Bazaga Sanz (r.bazagasanz@gmail.com)

INNOEDUCA



INNOEDUCA

Innoeduca. International Journal of Technology and Educational Innovation
Vol. 10. No. 2. December 2024 - ISSN-e: 2444-2925

PRESENTACIÓN
Innoeduca. International Journal of Technology and Educational Innovation es una publicación 

científica que nace auspiciada por el Grupo de investigación Innoeduca (grupo consolidado 

de la Junta de Andalucía - SEJ-533) de la Universidad de Málaga (España). Innoeduca es un 

grupo interdisciplinar de docentes e investigadores (pedagogos, matemáticos, informáticos, 

diseñadores gráficos…) de distintos niveles educativos, que desarrollan productos, 

investigaciones y formación en el campo de la Innovación y la Tecnología Educativa. Desde 

sus inicios, el grupo ha desarrollado una labor investigadora permanente y ha tenido como 

prioridades el contacto y la colaboración con otros investigadores y centros nacionales e 

internacionales.

Innoeduca. International Journal of Technology and Educational Innovation es una 

publicación en línea, abierta y revisada por pares, que proporciona una plataforma para 

exponer y compartir conocimientos en forma de artículos de investigación empírica y 

teórica, estudios de caso y revisión de la literatura. Los artículos enviados deberán ajustarse 

a las normas de publicación y tratar sobre educación, innovación y tecnología. 

Esta publicación surge con un compromiso de rigor en el proceso editorial (selección de 

manuscritos, plazos de edición y calidad del resultado final) avalado por un comité científico 

de máximo prestigio internacional.

Difundir contenidos de calidad entre la comunidad científica es la finalidad de este 

proyecto. Por ello, se admitirán artículos escritos en inglés, español o portugués.

Esperamos que este número resulte interés al lector dada la relevancia de las 

investigaciones publicadas.

Julio Ruiz-Palmero
Director de Innoeduca. International Journal 

of Technology and Educational Innovation



INNOEDUCA

Innoeduca. International Journal of Technology and Educational Innovation
Vol. 10. No. 2. December 2024 - ISSN-e: 2444-2925

ÍNDICE

5-26 A Quasi-Experimental Study on the Effectiveness of Augmented Reality Technology on English 
Vocabulary Learning among Early Childhood Pupils with Learning Disabilities

MOHAMMAD H. AL-KHRESHEH, AMR M. MOHAMED & TAHANY S. SHAABAN

Investigation of Chinese Undergraduate EFL Learners’ Online Communication Strategies

JING GUO & ADELINA ASMAWI

A Comparative Study of the Effect of Knowledge Sharing Via Adobe Connect 
and Google Meet on Efl Teachers’ Creativity

SARA SHETABI & MAJID FARAHIAN

The Effect of Teaching History Subjects in Social Studies Course with Digital Games on 
Student Academic Success And Creative Thinking 

FATIH PALA

Teachers’ Acceptance of Technology-Based Simulation Games as Teaching Pedagogy in 
Management Education: An Extended Technology Acceptance Model

VARTIKA KAPOOR & DAVINDER KAUR SOHI

Impact Of Digital Game-Based Learning on Stem Education In Primary Schools: 
A Meta-Analysis of Learning Approaches

NAJMEH BEHNAMNIA, AMIRRUDIN KAMSIN & SIAVASH HAYATI

The Dynamics of Disposition: Introducing a New Scale for Evaluating Middle School Attitudes 
Towards Blended Learning

MERVE POLAT & BENAY YALÇIN TÜRKYILMAZ

Evaluation of a Scale on Ict Knowledge Applied to Educational Inclusion: 
A Graded Response Model Approach

LUCÍA MARÍA PARODY GARCÍA, JUAN JOSÉ LEIVA OLIVENCIA, DOLORES PAREJA DE VICENTE Y ANTONIO MATAS TERRÓN

Technostress Levels of Science Field Faculty Members in the Kyrgyz Republic

ERKAN EFILTI, BAKYT BORKOEV, AKMATALI ALÍMBEKOV, ARGEN ZHUMGALBEKOV, KALIPA SALÍEVA, AIDA AKMATALÍEVA 
& GULSHAT MUHAMETJANOVA

Artificial Intelligence Technologies and Ethics in Educational Processes: 
Solution Suggestions and Results

CANSU ŞAHÍN KÖLEMEN

49-66

67-92

93-112

113-140

141-162

163-178

179-200

201-216

27-48





INNOEDUCA

6Innoeduca. International Journal of Technology and Educational Innovation
Mohammad H. Al-khresheh, Amr M. Mohamed & Tahany S. Shaaban

1. INTRODUCTION
Improving one’s vocabulary in a foreign language is essential for language growth and learning. Teachers 

cannot frequently build effective vocabulary training programs because they strive to make classes enter-

taining and successful (Al-khresheh et al., 2022). According to researchers and educators working with first 

and second languages, a rich vocabulary is essential for linguistic maturity. Although acquiring a second lan-

guage’s vocabulary is comparable to learning the vocabulary of a first language, the two expand at varying 

times. Connecting with others through a common language has become increasingly important. A sizeable 

vocabulary is an essential component of one’s level of language ability and is required for effective com-

munication. A connection is made between the four different language skills through vocabulary (Sadikin & 

Martyani, 2020). Vocabulary is crucial for the development of the student’s literacy skills. The direct teaching 

of a term, however, has been shown to aid vocabulary learning in children with developmental language im-

pairment, Down syndrome, autism, and reading difficulties, according to several studies (Al-khresheh, 2020; 

Al-khresheh & Al-Qadri, 2021; Colenbrander et al., 2019; Kouvava, et al., 2022;). Notably, early childhood pu-

pils with learning disabilities have difficulty building their vocabularies and remembering the terminology 

they have just been taught (Booton et al., 2021; Willoughby et al., 2017).

Early intervention is regarded as essential for young children’s intellectual and emotional development, 

which influences the students’ cognitive performance and academic achievement later on. Pupils with 

learning disabilities with recurrent failures in early childhood education probably suffer in later education-

al stages, particularly in intellectual capabilities. This is because of the nature of their learning problems. 

Therefore, researchers need to work on finding, testing and spreading ideas and strategies that support the 

cognitive and academic learning needs of students with learning disabilities (Al-Qadri et al., 2021; Balikci 

& Melekoglu, 2020; Kennedy et al., 2015).

Many researchers look at numerous elements that may help in learning English, considering vocabulary 

is essential to learning the language (Adlof et al., 2021; Ali, 2020; Mohamed, 2021). Furthermore, many schol-

ars and English teachers are attempting to develop various multimedia techniques to enhance students’ 

vocabulary development (Busra et al., 2021; Oh, 2020; Wang & Lee, 2021). Early childhood special education 

instructors now have various tools for teaching language to young pupils with learning disabilities. One of 

cuasi-experimental con 30 alumnos divididos en grupos experimentales y de control. Al grupo experimental se le ense-
ñó utilizando tecnología de RA, mientras que el grupo de control recibió instrucción convencional. Durante un período 
de tres meses, ambos grupos fueron evaluados mediante una preprueba y una prueba posterior diseñadas para medir 
habilidades de vocabulario: reconocimiento, evocación, conjetura y producción. Los resultados revelaron que el grupo 
experimental, expuesto a la realidad aumentada, superó al grupo de control en las cuatro habilidades de aprendizaje del 
vocabulario. Este mejoramiento puede atribuirse a la capacidad de la realidad aumentada para involucrar los sentidos 
visuales, auditivos y kinestésicos de los alumnos, haciendo que el aprendizaje sea más inmersivo e interactivo.

PALABRAS CLAVE  Tecnología de realidad aumentada; ILE (Inglés como Lengua Extranjera); educación infantil; discapacida-
des de aprendizaje; aprendizaje de vocabulario.
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today’s contemporary technologies that can fulfil this function is augmented reality (AR) technology. It can 

merge real images with virtual ones (Alkhattabi, 2017; Buchner & Kerres, 2023; Eldokhny & Drwish, 2021).

Incorporating AR technology in educating children with learning disabilities is essential. These pupils 

thrive in engaging and interactive learning environments, and AR apps have the potential to revolution-

ize their educational experience. By offering tailored support and interactive experiences, AR technology 

can significantly aid these young learners in language development, making the learning process enjoyable 

and effective. Chen and Chan (2019) and Sun et al. (2019) noted that well-designed AR applications can 

assist children with special needs, enhancing their language learning journey. The potential impact of this 

technology on their educational outcomes makes this an area of critical importance and great potential in 

special education. Therefore, this study aims to investigate AR technology’s efficacy on vocabulary devel-

opment in early EFL children with learning disabilities. This study makes a significant contribution to the 

existing body of research by documenting important information on the use of AR applications in assisting 

early childhood children who have learning disabilities to improve their vocabulary learning by answering 

the following question:

•	 What impact does AR technology have on the vocabulary learning process in early childhood pupils 

with learning disabilities?

In response to the posed research question, the study advances the following hypothesis: Vocabulary 

development in early childhood pupils with learning disabilities is significantly influenced when instruction 

is administered through AR technology, as opposed to conventional teaching methodologies.

2. LITERATURE REVIEW

2.1. Understanding Learning Disabilities: Language Barriers and Beyond

Learning disabilities, in their different manifestations, present various problems that pervade various as-

pects of educational endeavours (O’Connor et al., 2019). These disorders can be neurological, causing issues 

with information processing, reading, writing, reasoning, or even mathematical abilities (Peterson et al., 

2021). Language competency becomes complex for learners navigating this terrain (Brown, 2015). According 

to Bao (2023), vocabulary emerges as a fundamental and often difficult pillar in this elaborate tapestry of 

language learning.

For pupils with learning disabilities, navigating the linguistic journey is far more complex than their 

typical peers, mainly due to cognitive processing differences (Woodeson et al., 2023). Dyslexic pupils, for 

instance, face challenges with phonological processing, making it difficult to recognize words. Furthermore, 

difficulties with working memory, as Bao (2023) highlighted, can hinder their ability to retain and recall new 

vocabulary. These cognitive challenges extend to understanding and interpreting idiomatic expressions, 

metaphors, and other complex linguistic nuances, significantly altering their language learning environ-

ment and experience. This situation underscores the need for specialized teaching approaches and tools 

that cater to their unique learning profiles.
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On the other hand, vocabulary is more than just a collection of words; it provides the foundation for 

knowing, expressing, and connecting. An extensive vocabulary is equivalent to a complete communica-

tion toolset (Kai & Tan, 2021). However, deficiencies in this toolkit can cause many problems for people 

with learning difficulties. Given the frequent requirement to interpret unexpected words, their reading may 

lack fluidity. Without the correct language, expressing complex thoughts becomes difficult (VanUitert et 

al., 2020). Classroom conversations can be filled with misunderstandings, and even social encounters with 

peers can be loaded with communication stumbling blocks. In summary, the underlying problem is not 

simply obtaining words, but also effectively utilising them for meaningful communication.

2.2. The Importance of Vocabulary in Language Learning

Expanding one’s vocabulary is integral to learning a foreign language and plays a crucial role in language in-

struction. However, teaching vocabulary can be challenging for teachers who may struggle to determine the 

most optimal strategies for vocabulary instruction (Al-Khresheh & Al-Ruwaili, 2020). Thornbury (2002) argues 

that while grammar is essential, vocabulary is the cornerstone of effective communication. A substantial vo-

cabulary is necessary for language learners to express themselves proficiently (Cameron, 2001). Vocabulary 

can be defined as a collection of words specific to a language or a set of terms that a language speaker can 

use (Al-Ruwaili & Al-Khresheh, 2023). Linse (2005) defines vocabulary as an individual’s word repertoire, while 

Hornby (2006) describes it as the words one employs or understands to convey a particular subject in a spe-

cific language. Bintz (2011) cites Neuman and Drawyer, emphasizing that vocabulary comprises the words 

required for effective communication. Therefore, a child’s vocabulary consists of the words they understand 

in a given language, serving as a powerful tool for language development (Besthia, 2018; Elbro, 2010).

2.3. Key Skills in Vocabulary Learning

There are critical skills in vocabulary learning. Examining the critical skills involved in vocabulary learning 

is indispensable to fostering language proficiency and mastery. Word recognition is the foundational skill 

in vocabulary development, assuming that learners can identify and utilize sight words. Reading becomes 

possible as learners decode words into their constituent sounds. Exposure to various sources such as books, 

television, radio, newspapers, and magazines is vital in expanding vocabulary (Peterson et al., 2021). There-

fore, learning new words extends away from reading books and encompasses reading newspapers, listening 

to the radio, and watching television.

Recall is another crucial skill in vocabulary development, requiring learners to thoroughly learn and 

store words in their long-term memory. Proficient recall necessitates a clear mental or auditory representa-

tion of the vocabulary term. Verbal-visual association tasks that involve sequential and phonological com-

ponents can pose challenges for learners with learning impairments (Krishnan et al., 2017). Integrating in-

novative technologies into early childhood special education can enhance word recall and provide a more 

engaging learning experience (Ashoori, 2012).

Guessing the meaning of words from context is another critical skill in vocabulary acquisition. Con-

textual guessing involves making educated inferences about word meanings while reading or listening 

to enhance comprehension. Learners often rely on contextual clues, sentence structure, discourse, and 
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situational context to deduce word meanings (Zhou, 2014). Early childhood special education teachers uti-

lize contextual guessing, memorization, and repetition techniques to teach new English phrases and sup-

port vocabulary learning.

Word production is also another important skill that involves actively using vocabulary. Speaking a word 

aloud during the learning process enhances recall and strengthens associations with related concepts. In-

dividuals with a rich vocabulary demonstrate improved reading comprehension, oral communication, and 

writing skills. Utilizing newly learned words facilitates better retention and comprehension (Al-khresheh & 

Al-Ruwaili, 2020).

2.4. Augmented Reality Applications in Education

The significance of vocabulary development in early childhood education, particularly for students with 

learning disabilities, is paramount. These students often face challenges in assimilating new English vo-

cabulary. It is critical to nurture their vocabulary growth during this key developmental stage, as studies 

indicate children can acquire around nine to ten new words weekly (Brown, 2015; Peterson et al., 2021). 

Integrating advanced educational tools like Augmented Reality (AR) in teaching strategies can markedly 

enhance language acquisition and the broader learning experience for these students. This highlights the 

necessity of adopting specialized educational methodologies tailored to meet the distinctive learning re-

quirements of students with learning disabilities.

In classroom settings, vocabulary instruction holds significant importance for children who enter school 

with limited word knowledge. Children with linguistic impairments are more prone to experiencing reading 

difficulties (Brown, 2015). However, traditional approaches to teaching word meanings may not be feasible 

for effectively instructing large numbers of students due to the time required for vocabulary acquisition and 

the number of words involved (Peterson et al., 2021).

Teaching English vocabulary poses a considerable challenge for educators, which is further intensified 

when teaching children with learning disabilities. To address this issue, the current study utilized augment-

ed reality AR applications to explore their impact on teaching English vocabulary to a group of early child-

hood pupils with learning disabilities. 

Information technology plays a pivotal role in catering to the needs of students with learning disabilities 

(Digón Regueiro et al., 2024). AR applications emerged as a technology encompassing various definitions. 

According to Mohamed (2022), AR apps can be described as “educational tools and digital displays that blend 

virtual graphics with physical reality, deliberately designed with educational goals in mind to be employed 

within an educational setting to offer learners happiness, pleasure, and facilitate the learning process” (p. 

19). Unlike virtual reality, AR does not disrupt the user’s connection to the real world and enables the inte-

gration of virtual elements or perspectives into the actual environment (Khan et al., 2017; López-Belmonte 

et al., 2022). AR applications present novel approaches for engaging with the physical world and augment-

ing mixed-reality learning environments that combine virtual and real-world components. They facilitate the 

manipulation of virtual objects and enable the visualization of challenging-to-observe locations in the real 

world. AR offers an immersive educational journey, promoting critical thinking, deepening the understand-

ing of challenging or intangible concepts, and rectifying misconceptions (Fernández Batanero et al., 2022).
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AR technology seamlessly blends the virtual and physical worlds, augmenting the actual world rather 

than replacing it. Azuma (1997) identifies three pivotal characteristics of AR: the integration of actual and com-

puter-generated elements, instantaneous communication, and the registration of real and virtual items with 

one another. AR aligns with three fundamental requirements, as outlined by Azuma: the fusion of actual and 

virtual worlds, genuine engagement, and precise recognition of three-dimensional objects (real and virtual).

Research suggests that AR applications hold great promise for the future of education (Khan et al., 2019; 

López-Belmonte et al., 2020; López-Bouzas & del Moral Pérez, 2022). Consequently, educational institutions 

should leverage this technology to benefit students, teachers, and institutions. Recent advancements in dig-

ital technologies, coupled with the capabilities of mobile devices, have made mobile AR applications readily 

accessible. The field of AR applications has expanded, and the utilization of AR apps has become simple and 

adaptable (Lv et al., 2021).

Utilizing AR technologies in early childhood education, particularly for pupils with learning disabili-

ties, offers a distinct advantage by providing a technology-enriched learning environment. These tools can 

help reduce cognitive overload by integrating information from multiple sources, making learning more 

manageable and accessible. Furthermore, AR apps’ immersive and interactive qualities actively engage stu-

dents, boosting their enthusiasm and participation. This approach aligns with Khan et al. (2019) and Lv et 

al. (2021), who note AR’s potential to create engaging, activity-driven, and realistic educational experiences, 

significantly enhancing student engagement and learning effectiveness.

Students can derive meaning from their interactions with AR applications through interactive exchanges 

and the analysis of mistakes. Moreover, learners can build upon existing knowledge and transfer newly ac-

quired skills to unrelated settings. Teachers can monitor individual students and the social dynamics of the 

group, identifying areas of difficulty or success. The instructional process should be engaging, straightforward, 

enjoyable, and compatible with routine activities and the learning environment (Pivec & Dziabenko, 2004).

AR offers several advantages when incorporated into the classroom. Teachers can select from various 

ready-to-use AR options, simplifying technology integration into the learning environment. AR technology 

is widely used in textbooks, making it convenient for students who only need to bring their mobile devices 

to class (Lv et al., 2021).

For pupils with learning disabilities, engaging in task-based activities within the learning environment 

is essential. These activities can include various AR applications designed to make learning more enjoyable, 

fascinating, and fun while assisting students in word formation and usage across different contexts (Richard-

son, 2016). Studies have indicated that using AR applications improves students’ academic performance, mo-

tivation, and vocabulary learning in EFL settings (Erbas & Demirer, 2019; Silva et al., 2013; Solak & Cakir, 2015).

Liu and Tsai (2013) examined how AR components enable young learners to access content ac-

tively and effectively, acquire language and subject matter knowledge, and develop writing skills. Sil-

va et al. (2013) demonstrated that AR blocks could enhance young children’s reading skills, employing 

quantitative and qualitative criteria to evaluate the tool’s efficacy. The findings indicated that AR tech-

nology improves young children’s academic achievement and reading skills, while instructors also ex-

pressed enthusiasm for its implementation. Santos et al. (2016) found that adopting AR applications can 
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enhance system usability and language retention. Furthermore, Chen and Chan (2019) demonstrated how 

AR could facilitate young children’s vocabulary expansion and language acquisition. By making learning 

English vocabulary more enjoyable, AR can aid students in understanding and remembering the language 

(Rozi et al., 2021). Similarly, Fernández Batanero et al. (2022) summarized the current state of AR research 

in special education and showcased how AR can enhance learning outcomes for children with exceptional 

needs. Other studies have highlighted the benefits of AR-assisted games, including active learning, im-

proved cultural understanding, and heightened language awareness (Hasbi & Yunus, 2021; Lai & Chang, 

2021; Mielgo-Conde et al., 2022).

AR can be implemented through various devices and in diverse ways, catering to various students and 

learning styles. The gamified learning environment fostered by AR promotes student engagement, as learn-

ers tend to grasp concepts more effectively when interested. Games facilitate the integration of prior knowl-

edge, organize learning experiences, and provide immediate feedback. Furthermore, contextual learning 

within games allows students to apply their knowledge to real-life situations. Students can acquire knowl-

edge through games, personal experiences, problem-solving, and trial and error (Acquah & Katz, 2020; Ibra-

him et al., 2018; Liu et al., 2016; Madanipour & Cohrssen, 2020).

Despite the growing body of research on the benefits of AR applications in educational settings, there 

remains a research gap regarding their specific impact on teaching English vocabulary to early childhood 

pupils with learning disabilities. While studies have demonstrated the efficacy of AR in enhancing academic 

achievement, motivation, and vocabulary learning, there is limited research that specifically focuses on its 

application in the context of learners with special needs. Therefore, this study aims to address this research 

gap by investigating the effects of AR apps on vocabulary development in a group of early childhood pupils 

with learning disabilities, thereby contributing to the existing literature on the effective integration of AR 

technology in inclusive educational practices.

3. MATERIAL AND METHOD
This study aimed to determine AR applications’ effectiveness in improving the vocabulary of early child-

hood pupils with learning disabilities. In light of this, the study proposed the following hypothesis: The AR 

technology strategy affects vocabulary learning for pupils with disabilities.

3.1. Research Design

The quasi-experimental technique was used in this study to demonstrate a cause-and-effect relationship 

between a dependent and independent variable. A quasi-experimental design is a research approach 

where participants are not randomly assigned to conditions. It is used when controlled, random assign-

ment is impractical, allowing for causal inferences with some limitations due to non-randomization (Gay 

& Airasian, 2005). A quasi-experiment does not employ random assignment in contrast to an actual experi-

ment. Instead, individuals are divided into specific groups based on non-random criteria. Without random-

ization, this experimental study design can simulate an experiment and provide a high level of evidence. 
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It allows the researchers to control the variables (Babbie, 2005). This method was chosen because it helps 

observe the independent variable effect (AR technology) on the dependent variable (Vocabulary Learning) 

while adjusting other related variables. Pre- and post-testing were mainly carried out on 30 students cho-

sen purposely and divided into experimental and control groups. The experimental group was subjected to 

teaching using the AR technology strategy (See Appendix 1). The control group received the conventional 

approach, a traditional way of teaching vocabulary using flashcards, photographs, wall charts, relia, and 

translation techniques. As previously stated, an AR app integrates numerical visual material (audio and oth-

er categories) into the user’s real-world surroundings. The research utilized an augmented reality applica-

tion developed expressly for the examined curriculum. When a learner places his smartphone’s camera on a 

book page, the text is animated into a video, interactive exercise, and game-based activity that allows him to 

practice in-text vocabulary. These elements may facilitate vocabulary development for early childhood with 

learning disabilities. Such programs are believed to generate a joyous and pleasant ambience in the pupils’ 

hearts. After the experiment, the two groups were statistically compared. 

The quasi-experimental design depends on two variables. The independent variable is the element or 

causes used to determine its impact on the result. The study’s independent variable is the use of AR tech-

nology. The outcome is the dependent variable, which is used to evaluate the impact of the independent 

variable. The dependent variable in this study is vocabulary learning skills.

3.2. Participants 

A purposive sampling strategy was utilized to choose a sample of 30 pupils diagnosed with learning disabili-

ties by the school’s special needs section, where all necessary data is available. Pupils with learning disabil-

ities were purposively chosen from two separate schools. It is known that the purposive sampling method 

enables researchers to examine the ramifications of their results for the entire population (Gay & Airasian, 

2005). Identifying pupils with learning disabilities was facilitated through dedicated resource rooms in each 

participating school. These rooms hold detailed educational profiles for students with special needs. A thor-

ough examination of these records and consultations with educational experts in these environments ena-

bled a precise selection of pupils who stood to gain significantly from integrating AR technology into their 

vocabulary learning. This method ensured a focused and effective application of AR resources, targeting 

those most likely to benefit. The participants have the same socioeconomic background. Their native lan-

guage is Arabic. English is a required course for all pupils. They have been learning it for over five years. They 

have been taught vocabulary as part of the English curriculum. They were all nine years old on average. In 

this study, individual phone calls to parents were a procedural step for obtaining consent and an oppor-

tunity to engage them in the study’s objectives. This engagement likely influenced the results, as parental 

understanding and support could have impacted pupils’ responses and participation. Parental agreement 

may have provided a more conducive environment for the pupils, potentially affecting their enthusiasm and 

engagement with the AR technology. Recognizing the influence of parental attitudes and support in educa-

tional research is crucial, as it can shape the children’s experiences and responses within the study context.
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3.3. Instrument

A test was developed and used to achieve the main study’s objective. The test was constructed based on the 

literature to cover primary vocabulary skills, recognition, recall, guessing, and production. Each skill was 

assigned a set of questions. The terminology for the test came from the students’ textbooks. Four questions 

were developed to assess pupils’ vocabulary achievement considering their learning disabilities. The first 

question assesses their recognition skill. Therefore, the question required pupils to look at the photographs 

and unscramble the words, which included six items. The second question had four items that required 

students to look, listen, and number. Looking at the picture provided and listening to their pronunciation 

help them remember and recall their meanings. The third question had five items, and pupils had to match 

the text to the proper photographs in each item. Photographs were viewed as hints to aid in deciphering the 

meaning and matching it with the appropriate word. The last question consisted of six items. Pupils were 

instructed to look at the photographs and fill in the blank letters in each item. Filling in the blanks reflects 

production skills. The total exam score was (40) (See Appendix 2 & 3). The test was the most effective way to 

evaluate the participants’ vocabulary knowledge. Ary et al. (2018) defined a test as a set of stimuli shown to 

an individual to elicit responses from which a score may be assigned. The same pupils were tested before 

and after adopting the AR teaching technique (pre and post-test). The pupils were given explicit instructions 

(See Appendix 2 & 3).

As stated earlier, the experimental group was instructed via the AR application. Vuforia software was 

used to construct this application, which can be viewed on smartphones and iPad tablets. Vuforia was 

chosen for its sophisticated AR features, such as strong tracking and real-time rendering, which made it 

well-suited to the study’s aims. Its broad compatibility and user-friendly interface also played a role in the 

selection, allowing for the fast creation and execution of the AR applications utilized in the study. Utilizing 

the program’s three-dimensional visuals, audio, and animated movements, pupils may learn new vocabu-

lary words. The AR application stimulates the pupils’ senses and gives them new linguistic experiences and 

information. Before letting students utilize the AR program on their smart devices to learn new vocabulary, 

teachers reviewed how the AR application functioned with the class.

3.4. The Test’s Validity

The pre/post-test was given to a jury of curriculum and teaching experts to examine the appropriateness 

of its items in order to verify its content validity. The jury, comprising curriculum and special education 

specialists, was carefully selected based on their profound knowledge of language teaching and AR technol-

ogies. Their comprehensive evaluation of the test’s content, focusing on its applicability and relevance for 

students with learning disabilities, ensured its content validity. This rigorous validation by seasoned profes-

sionals affirmed the test as a dependable tool for assessing vocabulary development. For each question, a 

set of 35 objects was presented. The jury was tasked with selecting the most relevant ones. As a result, 20 

items were chosen from the four primary assessed vocabulary skills. Table 1 shows the percentage of the 

jury’s agreement and disagreement on the adequacy of the test content.
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TABLE 1. The Percentage of Agreeing and Disagreeing on the Test Suitability

Disagreeing on suitabilityAgreeing on suitabilityQuestion no.

10.0%90%1

0.0%100%2

20.0%80%3

0.0%100%4

The coefficient validity was also tested for more accuracy. Calculating the correlation coefficients be-

tween the test questions and the overall score, then calculating the correlation coefficients between each 

sub-skill and the total score for this skill, determines the test’s coefficient validity. The reciprocal correlation 

coefficients are computed between each sub-skill of the test and its overall score in the third phase. Conse-

quently, Table 2 displays the results of the first phase, and Table 3 displays the results of the second step. 

The findings of the third phase in calculating internal consistency are shown in Table 4.

TABLE 2. Correlation Coefficients between each Test Question and the Total Test Score

The correlation between the test scoresQuestionsThe correlation between the test scoresQuestions

0.81**110.84**1

0.39*120.80**2

0.87**130.47**3

0.81**140.52**4

0.39*150.58**5

0.76**160.37*6

0.81**170.87**7

0.46**180.45**8

0.44**190.41**9

0.82**200.80**10

Note:**. The difference is significant at the 0.01 level. 
Note:*. The difference is significant at the 0.05 level.

The preceding table demonstrates the significance of the correlation coefficients between the test ques-

tions and the test’s total score. These coefficients were mainly significant at levels (0.01) and (0.05). This means 

that the test has passed the first step of internal consistency validity. Table 3 displays the values of the correla-

tion coefficients between the test questions and the overall score for the primary skills to which they belong.

TABLE 3. Correlation Coefficients between each of the Test Questions and the Total Score for the Main Skills

ProductionGuessingRecallRecognition

Correlation 
CoefficientsItem NoCorrelation 

CoefficientsItem NoCorrelation 
CoefficientsItem NoCorrelation 

CoefficientsItem No

0.76**10.87**10.88**10.85**1

0.61**20.86**20.49**20.83**2

0.74**30.79**30.45**30.56**3

0.84**40.61**40.83**40.56**4

0.64**50.91**50.59**5

0.46**6
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Table 3 demonstrates that the correlation coefficients were significant at the level (0.01), indicating that 

the test passed the second stage of internal consistency validity. Table 4 demonstrates that all the correlation 

coefficients between the four sub-skills of the test and between them and the total test score were significant 

at the significance level (0.01). This marks the completion of the third level of the vocabulary achievement 

test’s internal consistency. These findings thoroughly support the validity of the vocabulary achievement test 

in assessing what it was designed to measure, lending confidence to its use in the current study.

TABLE 4. The Matrix of Correlation Coefficients between 
the Sub-skills of the Vocabulary Achievement Test and Its Total Score

Total ScoreProductionGuessingRecallRecognitionSKILLS

0.97**0.91**0.93**0.86**-Recognition

0.95**0.96**0.83**-Recall

0.94**0.97**-Guessing

0.96**-Production

3.5. The Test’s Reliability 

TABLE 5. Reliability coefficients for all skills

RELIABILITY COEFFICIENTSSKILL

0.802Recognition

0.713Recall

0.762Guessing

0.793Production

0.842Overall Cronbach’s alpha

Ahead of the main study, a pilot study was carried 

out to ensure the test’s reliability. Twenty pupils 

were tested twice at different times. They are a rep-

resentative sample of the main study’s participants. 

They were excluded from the main study. Cronbach’s 

alpha was used to determine the reliability coeffi-

cient value, one of the most significant reliability co-

efficients (0.842). This implies that the test is reliable 

and trustworthy, allowing the researcher to apply it 

confidently to the study’s primary sample. The reli-
ability coefficients for each skill are displayed in Table 5. Furthermore, during the piloting, the researchers 

could determine the time required to complete the exam by adding the time taken by the first student to the 

time spent by the last one and dividing the total time by two. The average time required to complete the exam 

was (40) minutes.

3.6. Data Collection and Analysis

The study took place throughout the second academic semester of the academic year 2021-2022. The main 

study was conducted fifteen days following the pilot study. Permission was obtained from the two schools 

where the pilot and primary studies were carried out. 

The test administration to pupils with learning disabilities was methodically tailored with specific ad-

justments to address their unique needs. The process involved employing straightforward language, al-

lowing additional time, and creating a distractions-free environment. Specialist educators were integral in 
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overseeing the testing, ensuring a comfortable and supportive setting for effective participation by each pu-

pil. These strategic accommodations were vital in aligning the data collection with the specific educational 

requirements of the pupils, thereby preserving the validity and reliability of the test outcomes.

Two experienced teachers were involved in this study. They have an outstanding track record of teach-

ing performance reviews. They were both familiar with the use of AR. Because the AR application was op-

tional, most teachers did not use it throughout the lesson. During the three-month teaching period, the re-

searchers paid weekly visits to the teachers, monitored their performance, and ensured that this application 

was used in the experimental group. The supplementary English classes were held three times a week for 45 

minutes. These extra classes were exclusively offered to students who had learning disabilities.

In this research, the control group was taught using conventional instructional methods, serving as a 

benchmark for evaluating the AR technology’s impact. This traditional educational approach was main-

tained without specific alterations for the study, encompassing regular classroom teaching and standard 

curriculum materials. This methodological decision was pivotal in establishing a clear comparative frame-

work with the experimental group utilizing AR, thereby allowing for an objective evaluation of AR’s effective-

ness in aiding vocabulary development for pupils with learning disabilities.

The additional sessions are divided into three primary parts: a warm-up, an AR lesson presentation, 

and an understanding assessment. The teacher always starts the instructional sessions to grab the pupils’ 

attention and introduce the lesson topic and objectives. Pupils are then instructed to open their books to 

the page where the AR application will be used. Pupils can use their smart devices to acquire new vocabu-

lary and participate in interactive activities by pointing their cameras at the lesson page. Depending on the 

instructions, pupils may complete the assignment individually, in pairs, or groups. In order to gauge how 

well the pupils understand the new language, the teacher gives out a worksheet. When feasible, he gives 

feedback and praises the pupils’ accomplishments (See Appendix 4).

After marking the tests, the SPSS 28 program was used to analyze the data. There was a pre-test and a 

post-test. The following statistical methods were used:

•	 The Mann-Whitney test for comparison between two independent groups to test the hypothesis 

related to the study of the statistically significant differences between the mean scores of individuals 

(the experimental group and the control group), whether before or after applying the experiment.

•	 Rank Biserial correlation to calculate the effect size.

•	 Wilcoxon Test” for two related samples and its statistical significance for the differences between the 

mean scores of the experimental group in the pre and post-test.

•	 Pearson correlation coefficient to verify the validity of the test.

•	 Cronbach’s Alpha equation in calculating the test reliability coefficient.

Given this, the tabulation method was used in this study for data presentation.
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3.7. Ethical Considerations

This study adhered to strict ethical guidelines. We obtained informed consent from both schools involved and 

the parents of all participating pupils, ensuring full awareness of the study’s aims and methodology. The rights 

of participants, especially regarding confidentiality and voluntary engagement, were upheld. Special atten-

tion was given to the sensitivities of working with children with learning disabilities, guaranteeing respectful 

and considerate interactions. Data management, including test results and observations, was conducted with 

utmost confidentiality and security, prioritizing participant privacy throughout the research process.

4. RESULTS
The vocabulary achievement test was administered to the two groups before the experiment began to en-

sure that the two groups (experimental and controlled) were equal. The researchers adjusted the tests and 

computed the scores to confirm that the two groups were alike in the study variables. As indicated in Table 

6, the Mann-Whitney test and its statistical significance for the differences between the experimental and 

control groups’ mean scores in the pre-test were used.

TABLE 6. Results of the Mann-Whitney Test for Finding Differences 
between the Control and Experimental Groups on the Pre-Test

Asymptotic Sig. (2-tailedZ-ScoreMann-Whitney USum of RanksMean RankNGroupSKILLS

0.982-.022112.00
233.0015.5315Experimental 

Recognition
232.0015.4715Control

0.7590.306-105.50
239.5015.9715Experimental 

Recall
225.5015.0315Control

0.863-0.173108.50
236.5015.7715Experimental 

Guessing
228.5015.2315Control

0.810-.241107.00
238.0015.8715Experimental 

Production
227.0015.1315Control

0.967-.042111.50
233.5015.5715Experimental 

Total 
231.5015.4315Control

Table 6 shows no statistically significant differences at the significance level (0.05) between the experi-

mental and control groups’ mean scores in the level of all vocabulary learning skills before applying the AR 

technology strategy. Thus, it could be stated that there is parity between the two groups (controlled and 

experimental) before applying (using) the AR technology strategy.

To answer the study question, the researchers validated the study’s hypothesis, which suggests sta-

tistically significant differences at the level of statistical significance (= 0.05) between the mean scores of 

the control group taught traditionally and the experimental group taught by AR technology. To test the hy-

pothesis, the researchers utilized the Mann-Whitney test and its statistical significance for the differences in 

mean scores between the experimental and control groups in the post-test, as shown in Table 7 (next page).
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TABLE 7. Results of the Mann-Whitney test for Finding Differences 
between the Control and Experimental Groups on the Post-Test

Asymptotic Sig. (2-tailedZ-ScoreMann-Whitney USum of RanksMean RankNClass/GroupSKILL

0.000*4.385-8.00
337.0022.4715Experimental 

Recognition
128.008.5315Control

0.000*3.776-23.00
322.0021.4715Experimental 

Recall
143.009.5315Control

0.014*2.445-54.500
290.5019.3715Experimental 

Guessing
174.5011.6315Control

0.000*4.520-4.500
340.5022.7015Experimental 

Production
124.508.3015Control

0.000*4.687-1.000
344.0022.9315Experimental 

Total
121.008.0715Control

Note: **The difference is significant at the 0.01 level of significance.

Table 7 demonstrates significant differences (0.05) concerning the experimental and control groups’ 

post-test scores in all vocabulary skills (recognition, recall, guessing, and production) and the overall skill 

level. These differences favour the experimental group, with significance levels of (0.000, 0.000, 0.014, 0.000, 

0.000) respectively. This value is less than the significance threshold (0.05), indicating that it is statistically 

significant. The average dimensional measurement scores of the experimental group pupils in the (Vocabu-

lary Achievement post-test) were significantly higher than those of the control group students. This suggests 

that the use of AR technology in education affected the improvement and growth of the skills (recognition, 

recall, guessing, and production) and the overall level of skills of the participants in the experimental group.

In order to determine the impact of the teaching method according to the AR technology strategy on the 

development of (recognition, recall, guessing, and production) skills and on the level of skills as a whole, 

which is the complementary aspect of statistical significance (Rank biserial correlation ( )) was calculated 

as in Table 8 below.

TABLE 8. The Effect Size of AR Technology

EFFECT SIZErrbSKILLS

very high0.93Recognition

High0.80Recall

Moderate0.52Guessing

very high0.96Production

very high0.99Total

Looking at the impact size data in Table 8, it is evident that the effect size ranged from medium to very 

high. This demonstrates the efficacy of the AR technology technique for increasing vocabulary skills (rec-

ognition, recall, guessing, and production). This also demonstrates that the difference between the exper-

imental and control groups is a fundamental difference caused by using the AR technology technique in 

education. The study’s hypothesis can now be accepted in light of this finding.



INNOEDUCA

19Innoeduca. International Journal of Technology and Educational Innovation
Mohammad H. Al-khresheh, Amr M. Mohamed & Tahany S. Shaaban

The efficiency of the AR technology in developing (recognition, recall, guessing, and production) skills 

among experimental group students was assessed by statistical analyses of pre and post-test data for the 

experimental group only. Table 9 shows the “Wilcoxon Test” and its statistical significance for differences in 

the mean scores of the experimental group in the pre-and post-tests.

TABLE 9. Analysis of Experimental Group Pre-Test and Post-Test Scores

SKILL N Mean Rank Sum of Ranks z Asymptotic Sig. (2-tailed)

Recognition

Negative Ranks 0 0.00 0.00

-3.426 0.001*Positive Ranks 15 8.00 120.00

Ties 0

Recall

Negative Ranks 0 0.00 0.00

-3.421 0.001*Positive Ranks 15 8.00 120.00

Ties 0

Guessing

Negative Ranks 0 0.00 0.00

-3.436 0.001*Positive Ranks 15 8.00 120.00

Ties 0

Production

Negative Ranks 0 0.00 0.00

-3.425 0.001*Positive Ranks 15 8.00 120.00

Ties 0

Total

Negative Ranks 0 0.00 0.00

-3.415 0.001*Positive Ranks 15 8.00 120.00

Ties 0

As shown in Table 9, there are statistically significant differences at the level of significance (0.05) be-

tween the experimental group’s mean scores in the pre and post-test on the four vocabulary skills (rec-

ognition, recall, guessing, and production) and on the overall level of skills in favour of the post-test. This 

also indicates that the differences in achievement were not due to chance but rather to the influence of the 

teaching technique based on AR technology.

5. DISCUSSION 
Participants showed a difference in pre- and post-assessment scores between the traditional and AR tech-

nology of teaching vocabulary. Traditionally, participants did not show a noticeable variation between their 

pre- and post-assessment ratings. In contrast, utilizing the AR method consistently improved average pre- 

and post-assessment scores. This solid improvement was apparent in the high scores achieved by the ex-

perimental group in the four subs skills of vocabulary: recognition, recall, guessing, and production. The 

experimental group scored higher on the post-test because incorporating new methods into the school cur-

riculum, such as integrating AR technology, enhances students’ learning, aids in language development, 

and boosts students’ learning, knowledge, motivation, and achievement. The visual aspects of AR tech-

nology play a crucial role in engaging users and maintaining their focus. This aspect of AR aligns with the 

observations of Santos et al. (2016), who noted that AR’s capabilities in information visualization allow users 
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to form meaningful connections between the content and their environment. This interactivity enhances 

the learning experience by making it more immersive and contextually relevant. The learners’ auditory and 

visual senses may be stimulated only using traditional vocabulary teaching methods. Nevertheless, when 

students use AR apps to help them study, their visual and aural senses are stimulated by 3D videos and 

images. Their kinesthetic senses are enhanced by operating their smartphones and tablets and connecting 

with their peers. This observation is consistent with the findings of Lai & Chang (2021) and Bonetti et al. 

(2018), who found that learning via AR often occurs near-spontaneously as learners are immersed in new 

language contexts within their AR environments. This immersive experience, providing first-hand exposure 

to new language items, facilitates a deeper and more intuitive understanding, underscoring the effective-

ness of AR in language acquisition.

The current study created an AR application to support language learning in early childhood with learn-

ing disabilities. Images, films, and animation were among the multimedia components of the AR applica-

tion. Students could stay motivated and interested in what they were learning since their regular sources of 

distraction were lessened. This was demonstrated by using digital games AR in the classroom to increase 

student motivation and enhance learning outcomes. Mobile phones, frequently a significant distraction 

source for students, become an engaging tool when used as a teaching tool to immerse students in their 

AR world. Students could better concentrate on their lessons by using their phones as a tool and minimiz-

ing distractions. Additionally, distractions from the classroom or peer pressure were minimized because 

students’ VR headgear covered everything to save their AR surroundings. Students could recognize, recall, 

guess, and produce words when fully engaged in their AR surroundings.

Likewise, pupils utilizing AR applications showed enhanced performance for reasons such as the AR 

content being tailored to their interests and needs and the technology’s support in learning at an individual 

pace. This customizability and adaptability of AR contributed to their learning efficacy. These outcomes are 

in line with the research of Binhomran and Altalhab (2021), Busra et al. (2021), Kellems et al. (2020; 2021), 

and Sadikin and Martyani (2020) affirming the positive impact of AR in meeting diverse educational require-

ments of pupils.

The findings revealed that AR technology significantly enhanced the learning experience, making it 

more interactive, enjoyable, and meaningful for pupils. The technology’s facilitation of active engagement 

and collaboration was notable, particularly in activities featuring animations. This enhanced group inter-

action and cooperative learning approach align with Hasbi and Yunus’s (2021) assertion on the efficacy 

of collaborative learning in classrooms. It underscores the role of AR in promoting social interaction, stu-

dent-centred activities, and learner autonomy, thereby transforming the educational process into a more 

dynamic and inclusive experience. The researchers were intrigued by the fact that young children could uti-

lize their cell phones, which are often distracting, as an educational tool to immerse themselves in their AR 

environment. This transformed their distraction into an instrument that piqued their interest in studying. 

Students were better able to pay attention to what they were studying due to using their phones as tools 

and reducing distractions. Instead of being taught a term to memorize, students might utilize the mean-

ings to create real-world examples and connections. These findings align with Tyson’s (2021) research, 

suggesting successful technology integration in learning. However, a notable contrast arises with Kathryn 
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et al. (2004), who observed challenges in children with learning disabilities using similar technology. 

The discrepancy highlights the variability in technology’s effectiveness across different learner groups and 

emphasizes the need for tailored approaches in educational technology implementation, particularly for 

learners with specific needs.

This study also found that students’ learning performance dramatically increased, indicating that AR 

helped them learn more effectively. This outcome defies the conclusions made by Lai and Chang (2021). 

They found that adding AR to the learning process did not significantly alter students’ learning performance 

compared to conventional learning methods. They concluded that the experiment needed to be broadened 

to assess how the use of AR applications affected students’ learning performance.

Acknowledging the focused scope of this research, the findings provide a preliminary understanding 

of the efficacy of AR technology in special education settings. While the results offer valuable insights, they 

also underscore the need for more expansive studies in various educational environments. Such extended 

research is critical to fully appreciate the potential and limitations of AR technology in enhancing learning 

experiences for diverse groups of students, especially those with unique educational needs.

5.1. Implications

The study underlines the pivotal role of AR in supporting early childhood pupils with learning disabilities. AR 

does not merely enhance vocabulary learning; it potentially paves the way for enriched reading comprehen-

sion. The immersive quality of AR captivates learners, cultivating a more profound interest in English. This 

interactive learning environment enriches the educational experience and fosters a positive attitude and 

heightened self-assurance among students, as reflected in their improved post-test outcomes. The broader 

ramifications suggest that AR’s potential extends beyond vocabulary to encompass other facets of English 

language instruction. Ramping up educator training focused on AR’s educational applications is imperative 

to harness this potential fully. Recognizing AR’s transformative impact, curriculum developers should pro-

actively integrate it into language instruction modules. While illuminating in its findings, this research also 

beckons further exploration into how AR can revolutionize the educational landscape for young learners 

with disabilities.

6. CONCLUSIONS
This study underscores the transformative potential of AR in enhancing vocabulary instruction for early 

childhood pupils with learning disabilities. A marked improvement was observed in the post-assessment 

scores of the experimental group, exposed to AR-based learning, compared to the control group. The inte-

gration of AR not only minimized distractions but also amplified student engagement, leading to enhanced 

word recognition, recall, and linguistic production. Given these outcomes, curriculum designers are urged 

to embed AR applications with vibrant visuals in early childhood textbooks. Concurrently, educators should 

prioritize vocabulary retrieval strategies to bolster the expressive skills of students with learning disabilities, 

with the study suggesting tailored AR applications as a potent tool in this endeavour.
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6.1. Limitations and future lines of research

The research presents certain limitations due to its methodological approach and participant selection. The 

sample, derived exclusively from two schools and comprising a limited number of early childhood pupils 

with learning disabilities, restricts the sample size and, consequently, the generalizability of the findings. 

While insightful, the study’s focus on vocabulary learning does not encompass other critical areas, such as 

speaking and reading comprehension. Moreover, by concentrating solely on early childhood pupils with a 

specific type of disability, the study does not represent a broader range of disabilities.

Recommendations for future research include broadening the scope to incorporate larger and more 

diverse samples and extending study durations to provide a more holistic understanding of AR technology’s 

impact. There is also a pressing need for developing and implementing innovative technologies that facili-

tate early identification and continuous support for early childhood pupils with diverse learning disabilities, 

thereby potentially enhancing educational outcomes and experiences.
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Investigation of Chinese undergraduate 
EFL Learners’ Online Communication 
Strategies
Investigación de las estrategias de comunicación en línea 
de los estudiantes chinos de inglés como lengua extranjera

ABSTRACT
With the outbreak of the Covid-19 pandemic, online learning has gained popularity throughout the world in recent years. 
How EFL learners communicate with their teachers and classmates online has sparked great interest with a view to enhanc-
ing their performance in online learning. This study aimed to explore the online communication strategies of Chinese under-
graduate EFL learners and how they vary according to gender and English proficiency. The quantitative method was adopted 
in this study. The participants were 120 undergraduate EFL learners from a public university in China. The questionnaire on 
online communication strategies, consisting of 30 items, was developed. Cronbach alpha and factor analysis were conduct-
ed to evaluate the reliability and validity of the questionnaire. The descriptive statistics and independent T-tests were used 
for data analysis. The study reached the conclusion that the most commonly used online communication strategies are 
Reduction strategies, followed by Focus on Form, Social-cultural, Paralinguistic, Compensatory, and Interactional strategies. 
Male and female learners differed significantly in the use of reduction strategies, focus on form strategies, social-cultural 
strategies, and paralinguistic strategies. Furthermore, there is a significant difference in the use of all types of online com-
munication strategies between good learners and poor learners, with good learners applying more online communication 
strategies than poor learners. The study indicates that teachers should raise students’ awareness of online communication 
strategies that are conducive to online communication and learning. Training on online communication strategies should be 
provided with a view to enhancing students’ communication competence as well as English proficiency.

KEYWORDS  Online communication strategies; undergraduate EFL learners; gender; language proficiency; inventory of on-
line communication strategies.

RESUMEN
Con el estallido de la pandemia de Covid-19, en los últimos años, el aprendizaje en línea ha ganado popularidad en todo el 
mundo. La forma en que los estudiantes de inglés como lengua extranjera se comunican con sus profesores y compañeros 
de clase en línea ha despertado un gran interés con propósito a mejorar su desempeño en el aprendizaje en línea. Este 
estudio tuvo como objetivo explorar las estrategias de comunicación en línea de los estudiantes chinos de licenciatura en 
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1. INTRODUCTION

1.1. Online learning environment

With the advancement of technology and the emergence of the internet, distance education made its debut. 

It bears a history of almost two centuries (Albrahim, 2020), and this period manifests crucial changes in the 

way people acquire knowledge and the way they communicate while studying. Numerous forms of commu-

nication have been embraced by our society over the years. Among them, online learning has gained popu-

larity since the 1980s. For an extended period, discussions have revolved around integrating technology into 

education, seeking avenues to incorporate various scientific advancements into the learning environment 

(Daniela, 2021). Reports indicated an enormous increase in online graduate and undergraduate programs 

in higher education institutions (Alam et al., 2022; Albrahim, 2020; Castro & Tumibay, 2021), with the rise of 

rapid movement from traditional face-to-face programs to fully online instruction at the graduate level (Sun 

et a  l., 2023). The ongoing crisis triggered by the Covid-19 pandemic has provided an additional impetus 

for technological advancements, particularly in guaranteeing access to education, a pivotal domain within 

society. Considering the unstable epidemiological situation around the world, online learning may be prev-

alent for a long time, and thus, a study of this particular form of education will continue to be relevant in the 

coming years (Danchikov et al., 2021).

Over recent years, China has issued sequentially several plans to encourage educational development 

and informatization, such as the “Thirteenth Five-year Plan for National Educational Development” (State 

Council of China, 2017) “Thirteenth Five-year Plan for Education Informatization” (Ministry of Education of 

China, 2016) and “Education Informatization 2.0 Action Plan” (Ministry of Education of China, 2018). The 

Inglés como Lengua Extranjera y cómo varían según el género y el dominio del inglés. Para este estudio, se adoptó el méto-
do cuantitativo. Los participantes son 120 estudiantes universitarios en Inglés como Lengua Extranjera de una universidad 
pública en China. Se desarrolló el cuestionario sobre estrategias de comunicación online, compuesto por 30 preguntas. 
Se aplicaron el análisis factorial y alfa de Cronbach para evaluar la confiabilidad y validez del cuestionario. Para el análisis 
de los datos se utilizó la estadística descriptiva y la prueba T independiente. El estudio llegó a la conclusión de que las es-
trategias de comunicación online más utilizadas son las de Reducción, seguidas de las de Enfoque en la Forma, Sociocul-
turales, Paralingüísticas, Compensatorias e Interacciónales. Se concluyó igualmente, que existe una diferencia significa-
tiva entre estudiantes masculinos y femeninos en el uso de estrategias de reducción, estrategias de enfoque en la forma, 
estrategias socioculturales y estrategias paralingüísticas. Agregando además que, existe una diferencia significativa en el 
uso de todo tipo de estrategias de comunicación en línea, entre los estudiantes diligentes y no tan diligentes. Y de ello se 
deduce que, los estudiantes diligentes aplican más estrategias de comunicación en línea a diferencia de los no diligentes 
El estudio indica que los profesores deberían concientizar a los estudiantes sobre las estrategias de comunicación en línea 
que favorecen la comunicación y el aprendizaje en línea. Se debe proporcionar capacitación sobre estrategias de comuni-
cación en línea con objetivos a mejorar la competencia comunicativa de los estudiantes, así como su dominio del inglés.

PALABRAS CLAVE  Estrategias de comunicación en línea; estudiantes universitarios de Inglés como Lengua Extranjera; géne-
ro; dominio del idioma; inventario de estrategias de comunicación en línea.
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goals of these plans involve: schools are to build a green, safe, and controllable personal space with com-

prehensive functions and distinctive features for all the teachers and students, facing all levels of education; 

to establish a sustainable development mechanism for education informatization; to realize full coverage of 

teachers with teaching apps, students with learning apps, and schools with digital campus apps; to build a 

comprehensive platform for “Internet + education”; to explore the new mode of talent cultivation and edu-

cational service under this “internet +” circumstance; as well as to accelerate the construction of a learning 

society where every person can learn at any place at any time. It can be seen that great emphasis has been 

put on the development of online learning or internet technology.

According to Social Constructivism, learners actively contribute to the construction of their knowledge 

(Schreiber & Valle, 2013), and learning primarily takes place within social and cultural contexts. Assisted by 

technology-based communications, online learning has moved from the instructional to the constructivist 

type of education. Many scholars have investigated smart pedagogy in online learning and concluded that 

many digital tools could enhance effective communication, which was crucial for optimal online learning 

performance (Daniela, 2021; Luque-Sánchez & Montejo-Gámez, 2023). Therefore, how teachers and stu-

dents can achieve effective online communication to optimize their learning performance is vitally impor-

tant. This is where online communication strategies come into play.

1.2. Online communication strategies 

The term “communication strategies” (CS) was coined in 1972 by Selinker to describe the strategies or skills 

EFL learners used to solve problems in communication. Educational communication refers to communica-

tion that occurs in the classroom or educational settings, which can be further divided into two subcatego-

ries – Verbal (oral and written) and Non-verbal (facial expressions, vocal cues, eye contact, postures, head 

movement, and mannerisms). The online setting is unique in that it limits the application of non-verbal 

cues. For example, students may not be able to see each other or sometimes, even the teacher, leading to 

less eye contact and facial expressions. There is also less physicality, impeding education intimacy between 

teacher-students and students-students. Also, fewer face-to-face social interactions may hinder communi-

cation between the interlocutors (Aljohani & Hanna, 2021; Aziza, 2021). As a result, online communication 

demands students to apply different CS more proficiently to cope with problems in expressing their ideas for 

comprehension and acquisition of knowledge via online platforms.

Hung and Higgins (2016) explored how learners employ CS in both text-based and video-based synchro-

nous computer-mediated communication (SCMC) settings and concluded that learners use different strate-

gies in those two environments. They came up with an inventory of CS for SCMC, grouping CS according to their 

functions and classifying them into six categories: Interactional Strategies, Focus-on-form Strategies, Com-

pensatory Strategies, Sociocultural Strategies, Paralinguistic Strategies and Reduction Strategies (Table 1, 

the description of each strategy is in Appendix 1). Meanwhile, online platforms offer various models or func-

tions to supplement or enhance the negotiation of meaning, such as font, colour, audio, video, emoticons, 

images and so on. In the context of this study, how Chinese students use these functions for online commu-

nication is still unknown. 
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TABLE 1. Hung & Higgins’s (2016) Classification of Communication Strategies in SCMC

COMMUNICATION STRATEGIES SUBCATEGORIES

Interactional strategies
(To repair or manage conversational discourse)

•	 Request for clarification
•	 Confirmation check
•	 Comprehension check
•	 Direct request for help
•	 Indirect request for help
•	 Input elicitation strategies
•	 Feigning understanding
•	 Inferential strategies
•	 Framing
•	 Verbal strategy markers
•	 Omission
•	 Time-gaining strategies  
...

Compensatory strategies
(To solve language problems of expression through 
manipulating available language knowledge)

•	 Circumlocution
•	 Approximation
•	 Use of all-purpose words
•	 Literal translation
•	 Self-rephrasing 
 ...

Reduction strategies
(To tackle language problems of expression by changing 
the intended message)

•	 Message abandonment
•	 Message replacement

Focus on form strategies
(To attend to target-like forms)

•	 Self-correction
•	 Meta-talk
•	 Own accuracy check 
...

Sociocultural strategies
(To sustain a collaborative and friendly interaction)

•	 Social formula
•	 Code-switching

Paralinguistic strategies
(To solve problems of expression or facilitate language 
problems and to compensate for the modality restrictions)

•	 Mime
•	 Use of text or symbols to display the effects of intonation
•	 Use of emoticons
•	 Punctuation
•	 Substitution

1.3. Research problem and need for the study

It is a general consensus that the primary aim of language learning is to cultivate learners’ communicative 

competence (Ahmed & Pawar, 2018b), one of whose key ingredient is strategic competence (Canale & Swain, 

1980). Li (2019) announced that new problems were present in teacher-student communication and inter-

action when classes moved from offline physical space to online virtual space. Bui et al. (2021) investigat-

ed the benefits and drawbacks of online EFL learning and reported EFL students’ difficulties in interaction 

and concentration. Guo and Asmawi (2023) also conducted a study on communication between teachers 

and students during online learning and found that students suffered from isolation and misunderstanding 
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owing to a lack of nonverbal cues and communication skills or strategies, leading to communication prob-

lems Therefore, a good command of online CS can be of great value to these students and improve their 

quality of online communication.

Research on the use of these strategies has been extensively conducted in face-to-face communication 

(Ahmad et al., 2022; Ahmed & Pawar, 2018a; Radmehr, 2020; Zhao & Intaraprasert, 2013). However, only a few 

studies have investigated online CS where there is an apparent lack of nonverbal cues or social interactions 

that may hinder communication with the interlocutors (Aljohani & Hanna, 2021; Aziza, 2021; Hung & Higgins, 

2016; Parcon & Reyes, 2021; Shih, 2014; Smith, 2003). According to Social Information Processing (SIP) Theo-

ry, learners with computer-mediated communication rely more on interactive strategies than in face-to-face 

settings, and they tend to adjust their CS for effective interaction. Thus, it is assumed that the usage of CS in 

online settings is different from those in face-to-face settings. Exploring effective CS for foreign language learn-

ing in online settings is essential to enhance and optimize the performance and quality of online learning. 

Previous research on online CS was conducted qualitatively and with fewer participants, focusing on an 

in-depth analysis of types and reasons for the choice of online CS, and thus, their conclusions varied. For 

instance, Smith (2003) investigated the link between CS and task types in SCMC, concluding that learners 

employed diverse CS with an emphasis on discourse, pragmatic, and paralinguistic strategies. The findings 

revealed that learners whose English proficiency is at an intermediate-low level used more substitution, 

framing, fillers, and politeness strategies. Non- and para-linguistic cues such as gesture, gaze, and intona-

tion were reported to be absent in CMC, which led to a heavy use of substitution strategy.

Aziza (2021) explored the gender effects on online CS with a qualitative study. The participants were 

four male and four female Grade Eight students from the English department. Data were collected through 

online conversations and interviews. Results indicated that fillers, hesitation devices, and gambits were 

the most frequently used strategies for both genders, while circumlocution was the least. Female students 

demonstrated a higher frequency of using CS compared to their male counterparts. 

Parcon and Reyes (2021) investigated oral CS in online classroom discussions. Recorded classroom dis-

cussions and semi-structured interviews were conducted for data collection. They claimed that students 

used 18 oral CS based on Dornyei and Scott’s (1997) classification in online classroom discussions. They 

also attributed the learners’ choice of CS to the following factors: lack of confidence, shortage of linguistic 

knowledge, speaking anxiety, failure to comprehend ideas, and other external factors. 

Gender and language proficiency have been influential yet controversial factors in the choice of CS. 

Some research indicated that females use more communication strategies than males (Wang, 2008; Zhao 

& Intaraprasert, 2013), while some studies concluded that male learners apply more strategies than female 

students (Mahardika et al., 2014; Yaman & Özcan, 2015). Others found no significant difference in the strate-

gies used (Lai, 2010; Kaivanpanah et al., 2012). Likewise, some studies reported significant variance in learn-

ers’ choice of CS based on their language proficiency (Alawi, 2016; Aziz et al., 2018), while some studies 

found no relation to their language proficiency (Uztosun & Erten, 2014; Yaman & Özcan, 2015).

It is thus, evident from the above discussion that previous studies focused on a qualitative aspect using 

different tasks with fewer participants and resulted in inconsistent findings with regard to the areas of study. 
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Therefore, this study aims to fill the gaps by exploring the CS students often use in online learning from a 

quantitative aspect and how they vary in gender and language proficiency. 

1.4. Research questions 

RQ 1: What is the status quo of the use of online communication strategies among Chinese undergra-

duate EFL learners? 

RQ 2: Is there any significant difference in the Chinese undergraduate EFL learners’ use of online com-

munication strategies in terms of gender? 

RQ 3: Is there any significant difference in the Chinese undergraduate EFL learners’ use of online com-

munication strategies in terms of English proficiency?

2. MATERIAL AND METHOD

2.1. Participants 

This study adopts a quantitative design to fulfill the research goals and objectives. The random sampling 

method is adopted with 120 undergraduate students randomly selected from those taking online English 

courses in a public university. The students were between 18 - 22 years old. The population was from var-

ious programs: Architecture, Electronic Communication and Rail Transit. They had online English courses 

for around 6-8 hours per week from Sept. 2021-Feb.2023. Table 2 manifests their demographic information. 

English proficiency is measured by the score of the latest final exam. Scores above 80 are good, 60-80 are 

average, and below 60 are poor. 

TABLE 2. Participant demographic information

NUMBER OF THE STUDENTS PERCENTAGE OF THE STUDENTS

Gender
Male 56 46.67%

Female 64 53.33%

Age Group 18-23 120

English Proficiency

Good＞80 9 7.5%

Average 60-80 101 84.17%

Poor＜60 10 8.33%

Language of Instruction English 120

2.2. Instrument 

A survey instrument was designed based on Hung and Higgins’s (2016) Communication Strategy Inventory 

for SCMC to get the reported frequency of the usage of different online CS. This inventory was relatively newly 

developed, and was originally targeted at Asian students and SMC, which were of similar background to 



INNOEDUCA

33Innoeduca. International Journal of Technology and Educational Innovation
Jing Guo & Adelina Asmawi

those in this study. There are 30 items in total - 8 items for interactional strategies, 3 for reduction strategies, 

4 for compensatory strategies, 7 for paralinguistic strategies, 4 for focus on form strategies, and 4 for soci-

ocultural strategies. A Likert-type scale was used for all items on the instrument. Respondents were asked 

to rate each item against a five-point scale. The proposed responses for the questionnaire are: 1 = Almost 

never; 2 = Rarely; 3 = Sometimes; 4 = Quite often; 5 = Most of the time.

2.2.1. Reliability of the instrument

Cronbach’s alpha was tested to analyze the instrument reliability using SPSS20. The results (Table 3) showed 

that the whole standardized Cronbach’s alpha was 0.970, while the standardized Cronbach’s alpha for each 

construct (Interactional, Compensatory, Reduction, Focus on form strategies, Sociocultural strategies, Para-

linguistic) were 0.927, 0.876, 0.836, 0.857, 0.865, 0.918 respectively. All the Cronbach’s Alpha were above 0.8, 

indicating a very high inner consistency of the instrument and that the survey was highly reliable. 

TABLE 3. Cronbach’s Alpha for the questionnaire

CRONBACH’S ALPHA STANDARDIZED CRONBACH’S ALPHA NUMBER OF ITEMS

Whole 0.970 0.970 30

Interactional strategies 0.926 0.927 8

Compensatory strategies 0.876 0.876 4

Reduction strategies 0.836 0.836 3

Focus on form strategies 0.856 0.857 4

Sociocultural strategies 0.864 0.865 4

Paralinguistic strategies 0.916 0.918 7

2.2.2. Content validity and face validity of the instrument

Content validity is the extent to which the questionnaire accurately and adequately represents the specific 

content domain it is intended to measure. Face validity is the clarity, difficulty, relevance, and sensitivity of a 

test to its intended audience (Allen et al., 2023). The survey items were written based on Hung and Higgins’s 

(2016) Inventory of communication strategies and descriptions in the mode of SCMC, with reference to Na-

katani’s (2006) Oral Communication Strategy Inventory (OCSI). Considering the online environment, which 

tends to be absent of physical cues such as facial expression, hand gestures or eye contact, factors related to 

paralinguistic and social-cultural strategies had been modified accordingly based on a thorough review of 

relevant literature, and comments and feedback from relevant experts and observations by the researchers. 

Albrahim (2020), Thompson (2020), and other scholars offered some insights into CS in an online learning 

environment. Table 4 showed a detailed explanation of related strategies and their sources.
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TABLE 4. Online communication strategies and their sources 

COMMUNICATION 
STRATEGIES

DESCRIPTION RESOURCES 

Interactional Strategies

Comprehension Check
I make comprehension checks to ensure the interlocutor 
understands what I want to say in online learning. 

Hung & Higgins, 2016; Nakatani, 2006

Indirect Request for Help
I pause or hesitate to elicit help from the interlocutor in 
online learning. 

Hung & Higgins, 2016

Inferential Strategies
I ask questions or give comments to previous content to 
see if I understand correctly in online learning.

Hung & Higgins, 2016 

Inferential Strategies
I ask questions or give comments to previous content to 
elicit new information in online learning.

Hung & Higgins, 2016 

Framing 
I use “first, second, or let’s begin” to mark the beginning or 
transition of the topic in online learning. 

Hung & Higgins, 2016 

Verbal Strategy Markers
I Use verbal marking phrases such as “you know” or “kind 
of” to indicate the use of strategy or less accurate form in 
the target language in online learning.

Hung & Higgins, 2016 

Time-gaining Strategies
I Use fillers such as “umm..., I think...” or repeating 
interlocutor’s words to fill pauses in order to maintain 
conversation at times of thinking in online learning.

Hung & Higgins, 2016 

Verbal Strategies
I change my way of saying things according to the context 
in online learning. 

Observation

Compensatory Strategies

Circumlocution 
I give examples or descriptions of the target object or 
action because I don’t know the exact words in online 
learning.

Hung & Higgins, 2016 

Approximation
I use a single substitute term with which the target term 
shares semantic features in online learning. (eg. I use 
“fruit” to replace a specific type of fruit “Pomegranate”.)

Hung & Higgins, 2016 

Use of All- purpose Words 
I use “thing, this, that, stuff, do...” to replace specific words 
that I don’t know how to say in online learning.

Hung & Higgins, 2016 

Replacement
I use images or emojis to replace words that I don’t know 
how to say in online learning. 

Observation

Reduction Strategies

Message abandonment
I leave a message unfinished because of language deficien-
cy in online learning. 

Hung & Higgins, 2016; Nakatani, 2006

Message replacement

I reduce the message and use simple expressions in online 
learning. 

Nakatani, 2006

I replace the original message with another message be-
cause of feeling incapable of executing my original intent 
in online learning.

Hung & Higgins, 2016; 
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Focus on form Strategies

Self-correction
I correct myself when I notice that I have made a mistake in 
online learning. 

Hung & Higgins, 2016; Nakatani, 2006

Own Accuracy Check

I rise my intonation to check if my expression is correct in 
online learning.

Hung & Higgins, 2016; 

I pay attention to grammar and word order during conver-
sation in online learning. 

Nakatani, 2006

I notice myself using an expression that fits a rule that I 
have learned in online learning. 

Nakatani, 2006

Social-cultural Strategies

Social Formula
I use fixed patterns for greetings, apologies, and leave-
takings, etc., such as “sorry to interrupt you” and “nice to 
meet you” in online learning. 

Hung & Higgins, 2016; 

Code-switching
I Use first-language words in the target language speech 
for purposes such as to show familiarity or to negotiate, 
such as “ litchi (荔枝)” and “typhoon (台风)”.

Hung & Higgins, 2016; 

Cultural awareness

I respect and consider cultural differences during online 
communication.

Albrahim, 2020

I tried to seek out information on an unfamiliar culture 
before initiating cross-cultural communication. 

Thompson, 2020

Paralinguistic Strategies

Mime 
I use gestures and body movements to express a message 
in online learning. 

Hung & Higgins, 2016; 

Use of Emoticons
I use emoticons or keyboard symbols to display facial 
expressions and emotional states in online learning.

Hung & Higgins, 2016; 

Punctuation 

I use punctuation extensively such as using a question 
mark to indicate a rising intonation or using it alone to 
show a confused state, using exclamation to express sur-
prise, or using ellipsis points to indicate the intention to 
shift turns or topics or to mean “no comment” in online 
learning. 

Hung & Higgins, 2016; 

Rhythm and Intonation
I pay attention to my rhythm and intonation when talking 
online. 

Nakatani, 2006

Font, Colors, and Effects
I emphasize the important points using font, colors, and 
effects in online lessons.

Albrahim, 2020

Images, Pictures, and Graphs
I use images, pictures, and graphs effectively to express my 
points in online learning.

Observation 

Music and Sound Effects 
I use music, sound effects, and other resources to emphasi-
ze my point in online learning.

Observation

The items were proofread by two professors in this field. They discussed the degree to which each item was 

representative of a construct’s concept and reached a consensus. The content validity was established. The 

Chinese version was also provided when distributing the survey. The translation was done by the researchers 

and verified by two Chinese professors in English translation and one American teacher who studied Chinese 
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for five years. The questionnaire was distributed to six students to test its face validity. A focus group inter-

view was conducted with the students to collect information about whether the items were understanda-

ble, relevant and easy to answer. Items were rephrased based on their feedback to improve the face validity. 

2.2.3. Construct validity 

Structural equation modeling (SEM) is highly useful in assessing intricate theoretical connections among 

numerous variables, particularly in the realms of social science and second language (L2) studies (Hair & 

Alamer, 2022). There are two primary methods for structural equation modeling (SEM): covariance-based 

structural equation modeling (CB-SEM) and partial least squares structural equation modeling (PLS-SEM), 

which is also known as composite-based structural equation modeling. CB-SEM demands stricter assump-

tions, such as multivariate normality, and larger sample sizes when employing the maximum likelihood 

(ML) estimator. In contrast, the PLS estimator operates without assuming data normality by default (Hair & 

Alamer, 2022). The main reasons for the popularity of PLS-SEM are its capability to estimate very complex 

models and its relaxed data requirements. PLS-SEM is also effective in providing solutions with smaller sam-

ple sizes compared to CB-SEM due to its iterative process. In PLS-SEM, the optimization alternates between 

refining the measurement model and the structural model until the primary goal of enhancing prediction, 

rather than model fit, is met (Hair & Alamer, 2022). For CB-SEM, it is recommended to have 300 and above 

participants to be adequate for factor analysis (Taherdoost et al., 2014), but PLS- SEM can be applied with 

fewer samples. In addition, Hair et al. (2019) stated, “Researchers should select PLS-SEM when the analysis 

is concerned with testing a theoretical framework from a prediction perspective; when the structural mod-

el is complex and includes many constructs, indicators and/or model relationships”(p. 5). PLS-SEM can be 

used for confirmatory composite analysis, which is a combination of exploratory and confirmatory analysis 

to assess the model (Hair et al., 2020). The main analysis is based on total variance, which is an extension of 

principal components analysis. Considering the above merits, this study used PLS-SEM method. 

According to Hair and Alamer (2022), several steps need to be taken to assess the construct validity. 

First, estimate the loadings and their p-value. Table 6 showed the factor loadings for each item calculated 

using SmartPLS 4.

TABLE 6. Factor Loading for Each Item

IS ComS RS FS SoCS ParaS

IS9 0.737

IS12 0.754

IS15 0.753

IS16 0.833

IS17 0.815

IS18 0.763

IS19 0.808

IS20 0.788

https://www.emeraldinsight.com/doi/abs/10.1108/EBR-11-2018-0203
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IS ComS RS FS SoCS ParaS

IS12 0.83

ComS22 0.812

ComS23 0.794

ComS24 0.861

ComS28 0.728

RS30 0.674

RS31 0.815

RS32 0.880

FS34 0.759

FS35 0.767

FS36 0.733

FS37 0.835

SoCS39 0.839

SoCS40 0.790

SoCS42 0.745

SoCS43 0.770

ParaS44 0.732

ParaS45 0.818

ParaS46 0.793

ParaS47 0.787

ParaS48 0.803

ParaS49 0.763

ParaS50 0.796

Note: P＜0.01

Factor loading reveals the intensity and direction of the association between each variable and the la-

tent factor(s) identified during factor analysis. It indicates how effectively an item captures the essence of 

the underlying construct (Vinzi et al., 2010). Hair and Alamer (2022) suggested that a factor loading value 

exceeding 0.5 is considered acceptable, and when it reaches 0.7, or higher, it is regarded as good for a single 

indicator. Additionally, it is important to assess the significance of the factor loading estimates. As shown 

in Table 6, all items except 1 were above 0.7 and the 1 item was between 0.5-0.7, and they were statistically 

significant at .01. 
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Second, estimate indicator reliability. Indicator reliability can be gauged by squaring the individual indi-

cator loadings. A value of .50 is deemed satisfactory, suggesting that at least 50% of the variance in a single 

indicator can be explained by the associated latent variable. This means the factor loading for each item 

should be above 0.707. In the above table, only one item was below 0.707, but considering the composite 

reliability and theoretical structure, it was kept for future analysis.

Third, examine construct internal consistency reliability. This is evaluated through Cronbach’s alpha 

(see Table 3) and Composite Reliability (CR) (see Table 7). The commonly accepted cut-off value for both 

measures is .70 (Hair et al., 2017). However, if the reliability estimate surpasses .95, it suggests that individ-

ual items might be redundantly measuring the same aspect of the construct. 

Fourth, obtain the average variance extracted (AVE). It assesses the degree to which items within a par-

ticular construct exhibit positive correlations and share a significant amount of variance. The rule of thumb 

dictates that values equal to or greater than .50 indicate convergent validity of the construct. Mathemati-

cally, a value of .50 implies that the mean values of the items’ factor loadings are .708 or higher, signifying a 

sufficiently meaningful relationship between the variances of the items and their assumed construct. Table 

7 showed the composite reliability and the AVE values.

TABLE 7. Construct Validity of Questionnaire on Online Communication Strategies 

CONSTRUCTS COMPOSITE RELIABILITY (rho_a) COMPOSITE RELIABILITY (rho_c) AVERAGE VARIANCE EXTRACTED (AVE)

IS 0.927 0.926 0.612

ComS 0.880 0.877 0.640

RS 0.847 0.835 0.631

FoFS 0.859 0.857 0.600

SoCS 0.868 0.866 0.619

ParaS 0.919 0.918 0.616

From the table above, it can be seen that the average variance extracted for all factors is above 0.5, and 

the composite reliability is above 0.7, which show that the questionnaire has good construct validity (Hair 

& Alamer, 2022).

2.3. Data Collection and Analysis

The survey link was sent to relevant students via WeChat with a participant information sheet stating the 

purpose of the study and their consent was obtained online. There was a statement, “By clicking ‘I agree’ 

below, you are indicating that you are at least 18 years old, have read and understood this consent form, and 

agree to participate in this research study.” in the online survey. Those who agreed proceeded to the survey 

questions. The participants were informed that their participation was completely voluntary. The study was 

conducted in accordance with the University Research Ethics Guidelines and is approved by the University 

Research Ethics Committee. It took two weeks to get 123 responses; upon eliminating invalid answers, there 

were 120 valid responses. Data analysis was carried out using SPSS 20. Descriptive statistics were displayed. 

The normality of the data was tested, and independent sample T-test was used.
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3. RESULTS
In order to answer RQ1: What is the status quo of the use of online communication strategies among under-

graduate EFL learners, descriptive statistics were presented in the following Table 8.

TABLE 8. Descriptive Statistics of Online Communication Strategies of Undergraduate Students

DESCRIPTIVE STATISTICS

N Minimum Maximum Mean Std. deviation

IS 120 1.00 5.00 2.8927 .82061

ComS 120 1.00 5.00 3.0542 .88651

RS 120 1.00 5.00 3.2167 .84532

FS 120 1.00 5.00 3.1979 .83067

SoCS 120 1.00 5.00 3.1958 .84340

PS 120 1.00 5.00 3.1821 .84098

N valid 120

It can be seen from the table that learners used Reduction strategies most frequently, with the highest 

mean score (3.2167), followed by Focus on Form (mean score 3.1979), Social-cultural (3.1958), Paralinguistic 

(3.1821), Compensatory (3.0542) and Interactional strategies (2.8927).

In order to answer RQ 2: Is there any significant difference in the Chinese undergraduate EFL learners’ 

use of online communication strategies in terms of gender, Independent Sample T-test was conducted to 

compare the CS of male and female students. Prior to T-test, the Normality of the data was first tested. Table 9 

showed the results and the descriptive statistics of the use of online communication strategies of male and 

female students.

TABLE 9. The Descriptive Statistics and the Normality of the Data 

Gender N Mean Std. Error Mean Skewness Kurtosis

Statistic Statistic Statistic Std. Error Statistic Std. Error

IS
Male 56 2.7991 .11310 .273 .319 -.422 .628

Female 64 2.9746 .09938 .219 .229 .748 .590

ComS
Male 56 2.9643 .13202 .176 .319 -.219 .628

Female 64 3.1328 .09834 -.040 .299 .597 .590

RS
Male 56 3.0179 .11441 .185 .319 .607 .628

Female 64 3.3906 .10031 .158 .299 -.270 .590

FS
Male 56 3.0313 .12205 .344 .319 -.077 .628

Female 64 3.3438 .09090 .170 .299 .109 .590

SoCS
Male 56 3.0179 .12018 .108 .319 .221 .628

Female 64 3.3516 .09559 -.189 .299 .358 .590

ParaS
Male 56 2.9694 .11951 .516 .319 .166 .628

Female 64 3.3683 .09373 .223 .299 .446 .590
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According to George and Mallery (2010), the values for skewness and kurtosis between +2 and -2 were 

considered acceptable to prove normal distribution. Meanwhile, Hair et al. (2010) proposed that if skewness 

was between +2 and -2 and kurtosis was between +7 and -7, it can be interpreted that the data was normally 

distributed. It can be seen from Table 9 that the Skewness and Kurtosis of each category of strategies were 

between +1 and -1, which suits the standards aforementioned. Thus it is safe to say that the data to be ana-

lyzed is normally distributed. Table 10 displayed the results of the independent T-test.

TABLE 10. Independent Sample T-Test 

T value P value Mean Difference Std. Error Difference

IS -1.171 .244 -.17550 .14992

ComS -1.039 .301 -.16853 .16216

RS -2.461 .015 -.37277 .15149

FS -2.085 .039 -.31250 .14990

SoCS -2.197 .030 -.33371 .15190

PS -2.658 .009 -.39892 .15011

From Table 9, it could be drawn that female students used online CS slightly more frequently than 

male students, and Table 10 displayed that the P value of reduction strategies, focus on form strategies, 

social-cultural strategies, and paralinguistic strategies were 0.015, 0.039, 0.030, and 0.009, respectively 

＜0.05), manifesting that male and female students varied significantly in using all these four strategies.

To answer RQ 3: Is there any significant difference in the Chinese undergraduate EFL learners’ use of 

online communication strategies in terms of English proficiency, another independent Sample T-test was 

conducted. Prior to T-test, the Normality of the data was first tested. Table 11 showed the results and de-

scriptive statistics of the use of online communication strategies of good and poor students.

TABLE 11. The Descriptive Statistics and the Normality of the Data 

Gender N Mean Std. Error Mean Skewness Kurtosis

Statistic Statistic Statistic Std. Error Statistic Std. Error

IS
Good 9 3.7639 .28901 .173 .717 -1.462 1.400

Poor 10 2.0500 .20000 .138 .687 -.148 1.334

ComS
Good 9 3.3611 .37986 .200 .717 -.252 1.400

Poor 10 2.2500 .27386 -.180 .687 -1.102 1.334

RS
Good 9 3.5185 .23643 1.152 .717 1.354 1.400

Poor 10 2.3333 .26294 -.698 .687 -.709 1.334

FS
Good 9 3.7778 .30174 .515 .717 -1.664 1.400

Poor 10 2.3750 .21810 -.575 .687 .173 1.334

SoCS
Good 9 3.9722 .29001 .142 .717 -1.682 1.400

Poor 10 2.5500 .26562 -.150 .687 .392 1.334

ParaS
Good 9 3.9365 .33001 -.394 .717 -1.082 1.400

Poor 10 2.5857 .26807 -.047 .687 1.037 1.334
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It can be seen that the Skewness and Kurtosis of each category of strategies were between +2 and -2, 

which can be considered acceptable to prove normal distribution (George & Mallery, 2010). Table 12 dis-

played the results of the independent T-test.

TABLE 12. Independent Sample T-Test 

T value P value Mean Difference Std. Error Difference

IS 4.960 .000 1.71389 .34553

ComS 2.408 .028 1.11111 .46134

RS 3.322 .004 1.18519 .35672

FS 3.824 .001 1.40278 .36684

SoCS 3.624 .002 1.42222 .39250

PS 3.204 .005 1.35079 .42153

From Table 11, it can be drawn that students with high English proficiency used more online CS than 

students with low English proficiency. According to Table 12, there is a significant difference in the use of 

all types of online CS: Interactional (p=0.000＜0.05); Compensatory (p=0.028＜0.05); Reduction (p=0.004

＜0.05); Focus on Form (p=0.001＜0.05), Social-cultural strategies (p=0.002＜0.05); and Paralinguistic strat-

egies (p=0.005＜0.05).

4. DISCUSSION
As shown in Table 8, students reported using Reduction strategies most frequently, followed by Focus on 

Form, Social-cultural, Paralinguistic, Compensatory, and Interactional strategies. The result can be attrib-

uted to several reasons: first, the students were non-English majors, and the university in this study was 

at a lower rank in the country. Therefore, the English proficiency of the students as a whole was wanting. 

Reduction strategies entail message abandonment and message replacement, which require little effort 

for explanation or interaction. Thus, it is understandable that students with lower English proficiency are 

in favor of using these strategies. This result echoes Alawi (2016) and Aziz et al. (2018), who concluded that 

learners with low proficiency tended to use more reduction strategies while learners who were more pro-

ficient in English tended to use more compensatory and interactional strategies. Alawi (2016) posited that 

learners’ insufficient linguistic competence and proficiency often result in the frequent use of reduction 

strategies due to hesitancy and a tendency to give up easily (Santoso & Mandarani, 2021). Radmehr (2020) 

also reported that second-language learners might refrain from discussing topics for which they lack the 

necessary vocabulary or other language skills. Additionally, language learners may initially attempt to en-

gage in conversation on a particular topic but abandon the effort midway upon realizing they lack the nec-

essary language resources to finish their message. Second, Chinese English teachers also prefer focus-on-

form instruction in both grammar and vocabulary teaching (Sun & Zhang, 2021). Teachers put great effort in 

grammar and vocabulary instruction, especially in middle and high school English courses. Thus, it is natu-

ral that students focus more on accuracy when they produce English output. This is in line with Santoso and 
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Mandarani (2021) and Idrus (2016) that learners used a lot of accuracy-oriented strategies to ensure the 

correctness of their oral English. Third, students have good cultural awareness (Guo & Asmawi, 2023; Zhou, 

2022), and they are more proficient with fixed expression patterns, which they acquired at an early stage, 

such as nice to meet you, excuse me, and sorry to interrupt you. Besides, Chinese students are more respect-

ful, and respect cultural difference, and social courtesy, which result in more frequent use of sociocultur-

al strategies. Fourth, the online environment offers many functions to facilitate communication, including 

emojis, emoticons, fonts, colors, music, and so on. Students are willing to and familiar with the usage of 

these functions. This is consistent with Omar et al. (2012) and Shih (2014), who reported that students used 

paralinguistic strategies in online discussions. According to the New London Group, there are five modes for 

teaching multiliteracies: linguistic, visual, aural, spatial, and gestural. Apart from the linguistic mode, which 

emphasize language, other modes are related to paralinguistic strategies. The effective usage of these 

modes or paralinguistic strategies are beneficial to online communication, which in turn improves online 

learning performance. Besides, these paralinguistic strategies are also practical in presentations, which is 

a common task for university students. Last, compensatory and interactional strategies require more effort 

and language competence from the learners since they encompass strategies such as circumlocution, ap-

proximation, paraphrasing, inferential strategies, and request for clarification. It calls for a large quantity of 

vocabulary and interactions, which might be difficult for learners with limited English proficiency.

The above shows that learners resort to online CS when encountering difficulties in online EFL com-

munication. They commonly use reduction strategies, indicating a lack of motivation in conducting Eng-

lish conversation and implying the learners’ low English proficiency. Therefore, teachers should encourage 

students to use the target language to express themselves, and they can provide explicit training on online 

CS so that the students can better use these strategies to achieve their communication goals in an online 

environment. 

Gender has been a popular variable in comparing CS, although the research results are often incon-

sistent. This study indicates that there is a significant difference in terms of gender in the use of online CS 

of undergraduate EFL students. The results echo Yaman and Özcan (2015), Zhao and Intaraprasert (2013), 

and Aziza (2021), who concluded that significant differences were found in the use of CS in terms of gender 

and females used more strategies than their male counterparts. This can be interpreted from the follow-

ing aspects: men and women assume different social responsibilities and bear different social pressures. 

They chose different strategies resulting from the division of labor and power in society (Kaivanpanah et al., 

2012). Females are more open to expressing themselves and more willing to use paralinguistic strategies to 

express their attitudes and feelings. Males seem more conservative, preferring simple talk, and tend to shy 

away from expressing themselves in an online environment (Aziza, 2021).

Language proficiency is believed to be a crucial indicator affecting the choice of CS (Alawi, 2016). This 

study showed that students with high English proficiency used more online CS than students with low Eng-

lish proficiency. There is a significant difference in the use of all types of online CS. The results are in line 

with previous studies which concluded that the learners’ choice of strategies varied according to their Eng-

lish proficiency. Students with higher proficiency tended to use more CS (An & Wang, 2022; Panggabean 

& Wardhono, 2017). This may be due to students’ motivation. Good students may be more motivated to 
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grasp opportunities to express themself in English, resulting in more frequent use of CS. It also demon-

strates that these students are inclined to employ more interactional and compensatory strategies, whereas 

those with lower English proficiency are apt to use more reduction strategies. This echoes Huang (2010), 

cited in Panggabean and Wardhono (2017), that students with higher language proficiency were inclined 

to utilize linguistic knowledge to express themselves and could choose suitable and effective strategies for 

communication. On the other hand, those with lower language proficiency tended to depend on knowledge 

or conceptual-based strategies and employed reduction strategies more frequently. In addition, high-pro-

ficiency learners try to get the message across through compensatory and interactional strategies, which 

are more effective in meaning negotiation and improving linguistic competence. Low-proficiency learners 

tend to use more reduction strategies, which are less effective in negotiations. Therefore, teachers should 

guide learners to employ more compensatory strategies rather than reduction strategies with the purpose 

of promoting learners’ online English communication. 

5. CONCLUSION
This study aims to explore the online communication strategies used by Chinese undergraduate students 

in an EFL context. The findings revealed that they used Reduction strategies most frequently, followed by 

Focus on Form, Social-cultural, Paralinguistic, Compensatory and Interactional strategies. There is a sig-

nificant difference in the usage of online communication strategies by undergraduate students in terms of 

gender and language proficiency. Female students employed more of these strategies than their male coun-

terparts, and good learners too applied more online communication strategies than poor learners. 

This study offers a reliable and valid tool to assess online communication strategies in an EFL learning 

context. Second, it provided systematic and comprehensive online communication strategies conducive 

to effective communication online. It can be seen that various online communication strategies are at the 

learners’ disposal to overcome difficulties in online communication. A good choice in the use of communi-

cation strategies among language learners can greatly assist in fostering the development of communica-

tive skills (Garcés & Olivera, 2014). The research indicates that the application of communication strategies 

enabled students to achieve their communication goals despite having limited linguistic resources. This 

research may contribute to the instruction of communication strategies in language learning, specifically 

in teaching EFL. Teachers are advised to introduce communication strategies to their students, teaching 

and encouraging them to use these strategies appropriately. EFL learners are anticipated to apply commu-

nication strategies meaningfully and should also exhibit high motivation to initiate oral communication, 

enhance participation in interactions, address communication challenges, and effectively achieve commu-

nicative goals by conveying accurate messages.

5.1. Limitations and future lines of research

There are certain limitations in this study. Firstly, the sample is not large enough; therefore, future research 

can use a larger sample to test the validity and reliability of the instrument. Second, this study only used 

the survey method, so there is a lack of thorough perception of students in terms of their use of online 
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communication strategies. Thus, future research may use a mixed-mode approach (both survey and inter-

view). Third, future research should focus more on how to develop online communication strategies through 

various activities or policy implementations.
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Appendix 1. Descriptions of Online Communication strategies

Hung & Higgins’s (2016) Classification of Communication Strategies in SCMC

COMMUNICATION 
STRATEGIES

SUBCATEGORIES DESCRIPTION 

Interactional strategies
(To repair or manage 
conversational dis-
course)

•	 Request for clarification
•	 Confirmation check
•	 Comprehension check
•	 Direct request for help
•	 Indirect request for help
•	 Input elicitation strategies
•	 Feigning understanding
•	 Inferential strategies
•	 Framing
•	 Verbal strategy markers
•	 Omission
•	 Time-gaining strategies 
•	 ...

•	 Seeking clarification on unfamiliar terms or messages.
•	 Repeating in a rising tone to check accuracy; using a first language 

term, or posing a complete question to confirm understanding.
•	 Asking questions to confirm understanding
•	 Using a direct question to ask for assistance about an unknown 

knowledge of the target language. 
Using verbal or nonverbal cues to seek assistance from the 
interlocutor.

•	 Expressing clearly or signaling to prompt the interlocutor to keep 
talking.

•	 Faking comprehension of the previous message to sustain the 
conversation. 
Posing questions or offering comments based on previous contents 
to assess one’s hypothesis of the prior message, demonstrate the 
current understanding, or acquire additional information.

•	 Indicating transitions between topics.
•	 Employing verbal markers like “kind of” or “you know” to signal the 

use of strategies or less precise forms in the target language.
•	 Leaving a blank space for an unknown word and continuing as if it has 

been said, expecting that the interlocutor can fill the gap based on 
context.

•	 Utilizing fillers such as “umm...” or repeating the interlocutor’s words 
to fill pauses to sustain the conversation during moments of thinking.

Compensatory 
strategies
(To solve language 
problems of expression 
through manipulating 
available language 
knowledge)

•	 Circumlocution
•	 Approximation
•	 Use of all-purpose words
•	 Literal translation
•	 Self-rephrasing
•	 ...

•	 Providing examples, illustrations, or descriptions of the characteristics 
of the target object or action.

•	 Using a single substitute term that shares semantic features with the 
target term.

•	 Utilizing a general “empty” lexical term to replace a specific term, 
compensating for a lack of vocabulary or to prevent errors.

•	 Translating a first language term literally into a target language term.
•	 Paraphrasing, restructuring, or reiterating one’s own statement, 

occasionally incorporating new information into the repetition.

Reduction strategies
(To tackle language 
problems of expression 
by changing the 
intended message)

•	 Message abandonment
•	 Message replacement

•	 Leaving a message unfinished due to language difficulties.
•	 Substituting the original message with a new one when feeling 

incapable of delivering it.
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Focus on form 
strategies
(To attend to target-like 
forms)

•	 Self-correction
•	 Meta-talk
•	 Own accuracy check
...

•	 Correct oneself immediately after saying the wrong word or sentence. 
•	 Reflecting on one’s own or the interlocutor’s use of the target 

language.
•	 Checking the accuracy of one’s expression by asking specific 

questions or repeating a word with a rising intonation (or a question 
mark in text).

Sociocultural strategies
(To sustain a 
collaborative and 
friendly interaction)

•	 Social formula
•	 Code-switching

•	 Using fixed patterns in language (eg. good morning, sorry to bother 
you) for social purposes, such as greetings, leave-takings, or 
apologies.

•	 Incorporating first language words into target language speech for 
purposes such as displaying familiarity, negotiating, or establishing 
intersubjectivity.

Paralinguistic 
strategies
(To solve problems of 
expression or facilitate 
language problems 
and to compensate 
for the modality 
restrictions)

•	 Mime
•	 Use of text or symbols 

to display the effects of 
intonation

•	 Use of emoticons
•	 Punctuation
•	 Substitution

•	 Using gestures and body movements to help express intended 
messages.

•	 Employing capitalization for emphasis (e.g., GREAT) or multiplying 
letters (e.g., Sooooo good) to convey prolonged sounds.

•	 Using emoticons (e.g., ) or keyboard symbols (e.g., ^__^) to 
express facial expressions and emotional states.

•	 Making extensive use of punctuation, such as using a question mark 
to indicate a rising intonation, employing exclamation points to 
express surprise and so on. 

•	 Using abbreviated forms of words (e.g., r for are) or phrases (e.g., BTW 
for by the way) to save typing time or avoid errors.
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knowledge sharing via Adobe Connect 
and Google Meet on EFL teachers’ creativity
Un estudio comparativo del efecto del intercambio de conocimientos 
a través de Adobe Connect y Google Meet en la creatividad 
de los profesores de inglés como lengua extranjera

ABSTRACT
Information exchange takes place in every community and the advancement of computers and the use of the Internet has 
made it simpler for people of all communities to communicate information. Teachers also may share personal experienc-
es, information, and communication with their peers in the profession. They can also improve their expertise and skills. 
As such, the purpose of the present study was to compare the effect of knowledge sharing via Adobe Connect and Google 
Meet on English as Foreign Language (EFL) teachers’ creativity. To do so, 60 EFL teachers from 15 high schools were asked 
to fill the creativity questionnaire. Then, to find the role of the social platforms on EFL teachers’ creativity in their teach-
ing, a week after the treatment, the questionnaire as the posttest was given to the EFL teachers. Next, a semi-structured 
interview with 20 volunteers sought the Iranian EFL teachers’ attitude toward the role of social platforms in their creativity. 
Overall, the finding indicated that knowledge sharing through Google Meet has more significant effect on EFL teachers’ 
creativity compared to Adobe Connect. In addition, it was found that the teachers agreed with the positive effect of both 
social platforms on their creativity. The findings have implications for pedagogy as well as further research.

KEYWORDS  Adobe Connect; creativity; Google Meet; knowledge sharing.

RESUMEN
El intercambio de información tiene lugar en todas las comunidades y el avance de las computadoras y el uso de Inter-
net ha simplificado la comunicación de información para las personas de todas las comunidades. Los docentes también 
pueden compartir experiencias personales, información y comunicación con sus pares en la profesión. También pueden 
mejorar sus conocimientos y habilidades. Como tal, el propósito del presente estudio fue comparar el efecto del inter-
cambio de conocimientos a través de Adobe Connect y Google Meet en la creatividad de los profesores de inglés como 
lengua extranjera (EFL). Para ello, se pidió a 60 profesores de inglés como lengua extranjera de 15 escuelas secundarias 
que rellenaran el cuestionario de creatividad. Luego, para encontrar el papel de las plataformas sociales en la creatividad 
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1. INTRODUCTION
Every community engages in the process of sharing information. The exchange of information among mem-

bers of all communities has recently become easier due to the development of computers and the use of the 

Internet. Teachers can also easily communicate with their professional colleagues, exchange knowledge, 

and share personal experiences. They can enhance their teaching knowledge and abilities. Teachers are 

increasingly using social networks as they offer opportunities to gather information, seek feedback, and 

receive support (Van Den Beemt et al., 2019, p. 8). Employing social networks in academic communications 

could enhance transparency in academic institutions, accelerate the exchange of information, and foster 

trust and efficacy within the scholarly community (Bigdeli & Ghanadi Nezhad, 2019).

Teachers’ intellectual ability, teaching methods, components, class management, and evaluation 

knowledge, as suggested by Shih and Lou (2011), are the major topics of such knowledge sharing, with 

in-service training meetings, school meetings, phone calls, leisure time, and the Internet serving as the 

mechanisms for sharing of knowledge among teachers. In this sense, the use of communities of practice 

enhances the sharing of information among instructors by providing chances for members to engage and 

share best practices (Tseng et al., 2014). As a result, it can be anticipated that teachers’ knowledge sharing 

will have a beneficial impact on their participation in professional practices (Alimirzaee & Ashraf, 2016).

As education in today’s schools requires teachers to be high-level knowledge practitioners who con-

stantly advance their professional knowledge, as well as that of their profession, knowledge sharing is linked 

to relationships among teachers that promote information exchange and teaching (Holste & Fields, 2010). In 

the current study, knowledge sharing is considered as the provision of knowledge, experiences, skills, and 

teaching practices to help teachers, collaborate, solve problems, develop new ideas, or implement policies 

or procedures given the importance of social relationships, interaction, and communication between teach-

ers. For this type of collaboration, it is expected that knowledge sharing among teachers can consequently 

help them solve a variety of problems related to their teaching practice.

Creativity is another topic that is emphasized in the present study. The idea of creativity is widely rec-

ognized as difficult to define and complex and there is no agreement on a precise definition in the litera-

ture (Ismayilova & Bolander Laksov, 2022). Boden (2001, p.   95) defines creativity as “the ability to come up 

with new ideas that are surprising yet intelligible, and also valuable in some way”. Beghetto and Kaufman 

de los profesores de inglés como lengua extranjera en su enseñanza, dos semanas después del tratamiento, se entregó a 
los profesores de inglés como prueba posterior el cuestionario. A continuación, una entrevista semiestructurada con 20 
voluntarios buscó la actitud de los profesores iraníes de inglés como lengua extranjera hacia el papel de las plataformas 
sociales en su creatividad. En general, el hallazgo indicó que compartir conocimientos a través de Google Meet tiene un 
efecto más significativo en la creatividad de los profesores de inglés como lengua extranjera en comparación con Adobe 
Connect. Además, se encontró que los profesores estaban de acuerdo con el efecto positivo de las plataformas sociales en 
su creatividad. Los hallazgos tienen implicaciones para la pedagogía y para futuras investigaciones.

PALABRAS CLAVE  Adobe Connect; creatividad; Google Meet; intercambio de conocimientos.
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(2007, p. 1) expands this definition of creativity and notes that it is “the ability to offer new perspectives, 

generate novel and meaningful ideas, raise new questions, and generate solutions to ill-defined problems”. 

However, it should be noted that teaching for creativity and teaching creatively are two different concepts 

and the latter which is manifested by features such as nonconformity, flexibility, critical thinking, risk taking 

and the like (Pashazadeh & Alavinia, 2019) should be more emphasized in educational contexts. 

Understanding the creative processes in the classroom relies heavily on teachers’ perceptions and atti-

tudes about creativity. Teachers plan their teaching approaches and how they incorporate creativity into the 

learning process based on their personal ideas. In recent years, there has been an emergence in interest in 

creativity in the school setting. Creativity is becoming more widely recognized as a necessary component of 

education (Grigorenko, 2017; Wenjuan, 2023). In this regard, Lin (2011, p.  151) state that “the goal of encour-

aging creativity through education is to promote the development of creative traits in individuals to address 

everyday problems, to support their urge for self-actualization, and to strengthen their capacity for future suc-

cess.” In the same line, the researcher argues that the goal of encouraging creativity through education is to 

“promote the development of creative traits in individuals to address everyday problems, to support their urge 

for self-actualization, and to strengthen their capacity for future success”. Also the creative teaching improves 

pupils’ achievement at the basic level (Schacter et al., 2006). Overall, according to Richards (2013, p.   42), “cre-

ative teaching benefits teachers, institutions, and students since it provides a source of continual professional 

renewal and satisfaction for instructors while also improving the school’s quality, efficacy, and reputation”. 

1.1. Knowledge sharing 

The classical economic theory of the organization postulates that people tend to adopt defensive mecha-

nisms when it comes to their personal interests such as power and wealth (Bilginoğlu, 2019; Kim & Maubor-

gne, 1998). Individuals seem to be reluctant to share their properties, of which knowledge and information 

are no exceptions, with others in that they view them as materialized assets (Cai & Ma, 2022; Senge, 1997;). As 

Davenport and Prusak (1998) contended, sharing knowledge willingly with others apparently does not suit 

human nature. However, when it comes to common interests and goals where people have to interact close-

ly, they sound more willing to share their assets since such joint interactions which accompany the trans-

action of knowledge and information provide them with intrinsic and extrinsic motives to reinforce their 

ties. The philosophy behind knowledge sharing has its roots in Vygotsky’s (1978) sociocultural theory where 

learning occurs as a result of the interaction between/among individuals with varying levels of knowledge. 

From this perspective, knowledge sharing is viewed as an interactional, person-to-person learning activity 

(Ahmad, 2017; Ahmad et al., 2023).

In EFL education, the dissemination of knowledge and information is also taken for granted. Not only do 

the foreign language teachers share their knowledge with their learners, but they also need to share their 

knowledge and expertise with their colleagues. In fact, there are certain degrees of variation among EFL 

teachers in terms of the knowledge they hold, the teaching methods they employ as well as the degree to 

which they integrate new knowledge sharing tools into their practice. Once they engage in the dissemina-

tion of knowledge, they become familiar with various teaching methods applied in EFL contexts (Alimirzaii & 

Ashraf, 2016). Another benefit gleaned from the development of sharing of knowledge among EFL teachers 
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is that based on the litrature “higher education does not operate in isolation... higher education institu-

tions are instituted, managed and run by human beings who themselves have been and are beneficiaries 

of knowledge sharing” (Adamseged & Hong, 2018, p. 1). In this regard, the role of collaboration and dis-

semination of knowledge among teachers is highlighted in the literature. For example, based on Runhaar 

and Sanders (2015) “knowledge sharing is a learning activity with which teachers not only professionalize 

themselves, but contribute to the professional development of their colleagues as well” (p.        1).

Teachers have an array of platforms at their disposal to share their knowledge and experience includ-

ing teacher professional development courses, meetings, social media, and conferences. Taking real, face 

to face knowledge sharing for granted, EFL teachers can also build potentially on virtual platforms such 

as learning management systems and social media to share their knowledge (Ahmad, 2017). The efficient 

sharing of knowledge is greatly facilitated by technologies, allowing for quick distribution of news, updates, 

and changes. Digital content’s ability to accommodate different forms of learning makes education more 

accessible and inclusive due to its multimodal nature. Furthermore, technologies like digital platforms pro-

mote resource efficiency, aligning with sustainability goals and supporting environmentally conscious edu-

cational practices (Zamiri & Esmaeili, 2024).

1.2. The role of technology in EFL education

Due to the introduction of information and communication technologies (ICT) to the educational context 

on the one hand and the unprecedented opportunity the Covid-19 pandemic, despite its adverse impacts 

on the economy and health of people, the long-established person to person pedagogical practices were 

superseded by an increasing tendency towards more student-centered and digitalized modes of learning 

(Chen, 2022; Deng & Tavares, 2013). Platforms launched on Web 2.0 protocol such as wikis, e-mails, confer-

ences, LMSs (learning management systems), and social networks like Google Meet cater for virtual learning 

contexts. Additionally, mobile communication technologies and Internet have already paved the way to the 

use of social media for educational purposes (Bui et al., 2023; Zhang et al., 2015). 

Moreover, such digitalized hi-tech applications have already normalized into the lifestyles of individu-

als and as the corollary of such normalization they enjoy high levels of acceptance and utilization among 

people (Nugroho et al., 2021). The integration of technology into the mainstream EFL education can also 

potentially lead to the students’ collaboration as well as autonomy. The synchronous nature of virtual class-

es, from a constructivist vantage point, entails the interaction among the students, teacher, and the content 

elements which in itself enhances the opportunities to learn collaboratively. Their asynchronous nature, on 

the contrary, maximizes the chances of independent, autonomous learning to occur. 

As Huang et al. (2023) argued, e-learning technology can be applied to the creation of Digital Knowledge 

sharing communities which in turn trigger collaboration among teachers and students and expedite per-

sonalized learning. Learning and video conferencing applications such as Adobe Connect and Google Meet 

are among the digital tools that can be used to create digital communities. As Alqahtani and Rajkhan (2020) 

pointed out, such an approach to online education offers a number of advantages including easy access, flex-

ible and interactive nature, and easy customization. Digital technology such as Adobe Connect and Google 
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Meet offers a number of practical benefits in advancing and accelerating the dissemination of knowledge, 

making education more available, and furthering global connectivity (Huang et al., 2023).

Adobe Connect is a software tool designed for distant learning, online meetings, delivering presenta-

tions, and sharing desktop. Within Adobe Connect, meeting spaces are divided into ‘pods,’ each serving 

a distinct function such as chatting, whiteboarding, or note-taking. Originally a component of the Adobe 

Acrobat line, Adobe Connect has undergone multiple name changes over time. The web-based nature of the 

platform is significant as it provides a single web address or URL for accessing and participating in virtual 

webinars or classroom sessions. Moreover, it includes various integrated features enabling users to deliver 

PowerPoints, browse websites, or engage in pop quizzes during sessions.

As another online platform, Google Meet, an integrated videoconferencing application with Google 

Classroom, serves as a tool for synchronous classes. It stands out as one of the most widely utilized video-

conferencing applications globally. There’s a consistent acknowledgment of Google Meet’s role as a digital 

platform for language learning, facilitating academic interactions between teachers and students (Chandra, 

2020; David, 2018). Recent studies highlight the benefits of synchronous learning, allowing learners to ac-

tively participate in the learning process (Chandra, 2020). Language instructors find it essential to utilize 

Google Meet for organizing, delivering, and archiving lectures on the platform. 

The dissemination of knowledge in virtual digitalized education is not devoid of challenges. For one thing, 

the sudden and hasty transition from real, face to face classes to the online classes resulted in a number of 

concerns to the language teachers especially for those who were not used to applying digital technology into 

their teaching practices. In reality, this impromptu condition posed serious threats to the creativity of such 

teachers. In particular, they had to adapt rapidly to the challenges created by the new teaching situation. In 

fact, many teachers felt they were losing their confidence to teach virtual classes mainly because they were 

not what the teachers had been educated for. This spoiled their confidence and sense of creativity.

Since emerging technologies may have a positive impact on students’ creativity (Li et al., 2022) the suc-

cessful dissemination of knowledge through Google Meet and Adobe Connect may have such an effect. This 

is substantiated by the discussion that the most important effect of knowledge sharing, among the other 

benefits, is related to innovation and creativity “because knowledge sharing does not only mean effective 

transfer of knowledge, skills, and information, but it also indicates the creation of new knowledge and in-

novative ideas” (Lee, 2018, p. 3). Similarly, it has been argued that those who actively take part in sharing 

knowledge, “are more likely to generate, promote, and/or implement innovative ideas in the future” (Wang, 

2023, p. 3). Besides, previous investigations have failed to consider the effect of knowledge sharing via Ado-

be Connect and Google Meet on EFL teachers’ creativity. Therefore, it sounds incumbent to examine the 

impact of EFL teachers’ knowledge sharing via Adobe Connect and Google Meet on their creativity. As such, 

the following research questions were proposed:

1. Compared to Adobe Connect, does GM have a significant effect on EFL teachers’ creativity?

2. What is the Iranian EFL teachers’ attitude towards the effect of social platforms on their creativity?



INNOEDUCA

54Innoeduca. International Journal of Technology and Educational Innovation
Sara Shetabi & Majid Farahian

2. MATERIAL AND METHOD

2.1. Participants

The participants of this study were selected from Iranian EFL teachers. To conduct the study, 60 EFL teach-

ers from 15 high schools in Kermanshah city, a city in West of Iran, majoring in Teaching English as Foreign 

Language (TEFL) were recruited. They were selected through available sampling. The teachers’ experience 

ranged from three to 15 years, and their ages ranged between 27 and 52 years. They graduated from differ-

ent Iranian state and Islamic Azad Universities, with educational levels of B.A., M.A. in TEFL, and English 

Literature.

The participants were randomly assigned to one Control group (n=18) and two experimental groups 

including Adobe connect group (n=20) and Google Meet group (n=21). Regarding the years of experience, all 

the teachers had more than four years of experience. Participants included 24 (53%) female and 36 (47%) 

male. The statistical population of the study showed that a total of 60 participants 25 (41.6%) hold bache-

lor’s degrees, and 35 (58.4%) hold master’s degrees.

2.2. Design

The aim of this study is to compare the effect of knowledge sharing via Adobe Connect and GM on EFL teach-

ers’ creativity. Accordingly, the suitable design is quasi experimental design. To do this study three groups 

were needed:

Control group: Control group that shares knowledge in face to face interactions.

Experimental group 1: Adobe Connect group that uses the platform to share knowledge. 

Experimental group 2: Google Meet group that uses the platform to share knowledge. 

2.3. Instruments

In total, two instruments were utilized in the study, namely, the EFL creativity questionnaire and a semi-struc-

tured interview.

The EFL creativity questionnaire: To assess the EFL teachers’ creativity, the scale developed by Khany 

and Boghayeri (2014) was employed in the present study. There were 43 items with three subscales and 

a two-point Likert scale. The subscales included seventeen individual difference items, twenty exper-

tise items, and six management items. As reported by the authors, Cronbach’s alpha coefficient was 

used to evaluate the reliability of the questionnaires. The results showed that Cronbach’s alpha of the 

EFL teachers’ creativity questionnaire (43 questions) was 0.768 which indicated the appropriate reliabil-

ity of research tools. The report of the validity of the scale is also presented by the authors. 

A semi-structured interview: To find the effect of social platforms on EFL teachers’ creativity in their 

daily practice, a week after the treatment, a semi-structured interview (Appendix) with 15 volunteer 

EFL teachers from the experimental groups was carried out. There were 5 questions in the interview. 
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To ensure the content validity of the questions, two TEFL experts reviewed them and provided their 

comments. The interviews were conducted in Farsi to let the teachers express themselves freely in their 

first language. Each interview lasted for 15 minutes. The interviewees were asked if they share ideas 

regarding the latest theories of language teaching in EFL context and if the answer is positive, how they 

do it and what hurdles they may encounter. The interviewees’ responses were recorded, transcribed, 

and translated to English.

2.4. Procedure

First, the available participants were divided into three groups. The first group as the control group includ-

ed 18 EFL teachers who did not receive the treatment. The second group was the first experimental group 

and included 20 EFL teachers who shared their ideas via Adobe Connect. The third group was the second 

experimental group, it included 21 EFL teachers who shared their opinion via Google Meet. The partici-

pants were informed that the data only be used for research and would be kept entirely confidential. Prior 

to gathering the data, the first researcher explained briefly to the teachers the purpose of the study and 

then obtained each individual’s consent. They were also told in detail what they were required to do. The 

participants were also reminded that there were no right or wrong answers to the items of the question-

naire. They were also told that the accuracy of the results depended on how honest they could be. Next, 

during their break time, the creativity questionnaire was given to the participants as the pre-test. They had 

20 minutes time to fill in the questionnaire. 

As the third step, the important recent theories in TEFL were shared via the Telegram group for all 

three groups and each teacher was required to choose two theories in English language teaching, read and 

analyze them critically. The theories in TEFL were employed as part of the treatment since it was thought 

that classroom discussions offer an excellent platform for nurturing creative thinking abilities. More specif-

ically, it was assumed that by promoting and acknowledging their innovative ideas and distinct viewpoints 

the participants’ creative thinking was fostered (Sternberg & Grigorenko, 2004). The first researcher/the 

teacher asked each participant of the three groups to select a particular incident that caught their atten-

tion and talk about it in the discussion group. The condition in both online discussion and face to face ses-

sions was the same. Each session took around 1.30 hours and lasted two weeks. When there was no volun-

teer to begin the discussion, the first researcher chose the teacher and asked her about her experience. As 

the fourth step, the researcher presented a topic and asked a thought provoking question. Teachers were 

free to express their ideas. It should be noted that all participants were free to voice their concerns or offer 

their opinions regarding the event. A week after the treatment, all the participants were given the EFL cre-

ativity questionnaire again. As the last step, four days after the treatment, a semi-structured interview with 

15 volunteer EFL teachers from the experimental groups was carried out. The interviews were conducted 

in Farsi to let the teachers express themselves freely in their first language. Each interview lasted for 15 

minutes. The comments of the respondents were taped, written down, and then translated into English. A 

summary of the procedure is presented in Table 1.
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TABLE 1. The summary of the procedure

STEP DESCRIPTION

Step 1 The creativity questionnaire was given to the participants.

Step 2 Recent theories in TEFL were shared via the Telegram group for all three groups.

Step 3 Each participant of the three groups was asked to select a particular and talk about it in the discussion group.

Step 4 The participants were presented a topic and were required to ask a thought provoking question.

Step 5 The participants were given the EFL creativity questionnaire again.

Step 6 The interviews were conducted.

3. RESULTS

Assumption of Normality Test

H0: Sig.≥0.5 ; Data distribution is normal.

H1: Sig.<0.5 ; Data distribution is not normal.

Calculating the normality of data is essential for many statistical 

tests because normal data is an underlying assumption in para-

metric testing. Hence, the Kolmogorov-Smirnov test was used to 

see if the data in this study was normal. Table 2 examines the distri-

bution of data by the normality test (Kolmogorov-Smirnov test) for 

three “Control” and “Experimental1” & “Experimental2” groups.

TABLE 2. Results of normality test for the creativity

Groups Groups
Kolmogorov-Smirnova

N Items
Statistic Sig.

Pre-test Creativity

Ctrl .176 .146 18

43
Exp1 .070 .120 20

Exp2 .087 .090 21

Total .076 .200 59

Post-test Creativity

Ctrl .130 .200 18

43
Exp1 .059 .113 20

Exp2 .098 .080 21

Total .052 .200 59

As shown in Table 2, the results of the Kolmogorov-Smirnov test proved that all significance values in 

the three “Control” and “Experimental1” & “Experimental2” groups for research variable are more than 0.05 

(Sig.>.05). Due to the fact that the significance values for the normality test were significantly more than the 

predetermined 0.05, it can be claimed that the data collected from the test had normal distributions.

The first research question inquired which group (control, Adobe Connect or Google Meet) has a sig-

nificant effect on EFL teachers’ creativity a pretest in terms of creativity was given to EFL teachers in three 

“Control” and “Experimental1” & “Experimental2” groups. A One-Way ANOVA was used to confirm the ho-

mogeneity of three groups (Ctrl, Exp1, & Exp2) at the beginning of the research. The descriptive results of the 

pretest scores are shown in Table 3.
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Assumption of One-Way ANOVA Test

H0: Sig.≥0.5 ; µ1=µ2=µ3

H1: Sig.<0.5 ; µ1≠µ2≠µ3

TABLE 3. Descriptive statistics of creativity in control and experimental groups in terms of homogeneity in pretest

Sum of Squares df Mean Square F Sig.

Pretest

Between Groups .000 2 .000

.122 .886Within Groups .094 56 .002

Total .094 58

According to the obtained results in Table 3, the significant value of the analysis of the variance test for 

the creativity variable is greater than 0.05, so the H0 hypothesis cannot be rejected, and the result suggests 

that the three groups were homogeneous in terms of creativity. This means that no significant difference 

was observed between groups in the pretest. In the following, the research questions will be examined.

Next, in the post-test in three “Control” and “Experimental1” & “Experimental2” groups the creativity of 

the three groups was compared by a One-Way ANOVA test. The descriptive results of the posttest scores are 

shown in Table 4.

TABLE 4. Descriptive statistics of creativity in control and experimental groups in posttest

Sum of Squares df Mean Square F Sig.

Posttest

Between Groups .718 2 .359

112.942 .000Within Groups .178 56 .003

Total .896 58

According to the obtained results in Table 4, the significant value of the analysis of the variance test is 

lower than 0.05, so the H1 hypothesis cannot be rejected, and the result suggests that the three groups were 

different in terms of creativity. It means that a significant difference was observed between groups in the 

posttest. In the following, in order to examine this question in more detail, MANOVA was used.

Before carrying out covariance analysis, the condition of non-interaction between the independent var-

iable (group) and covariate (pre-test) with the dependent variable (post-test) should be checked. In fact, this 

was done to check the same slope of the regression line. Also, in this type of analysis, the assumptions of 

Levin’s test for the homogeneity of the variance of the two groups should be observed in the post-test stage, 

so that the results can be confirmed and the covariance analysis can be performed. The results are shown 

in Tables 5 to 7.

Presuppositions of analysis of covariance test

1. Examining homogeneity of Variance

Assumption of Levene’s Test

H0: Sig.≥0.5 ; The error variances of the groups are equal

H1: Sig.<0.5 ; The error variances of the groups are not equal
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TABLE 5. The Results of Levene’s Test in examining the assumption of equality of variances for the creativity

F df1 df2 Sig.

.569 2 56 .569

According to the results of Table 5, since sig. was more than 0.05, the null hypothesis is accepted and 

this means that the variances of the errors in all variables are equal.

2. Examining the homogeneity condition of the slope of the regression line

Assumption of Interaction Test

H0: Sig.≥0.5 ; The slopes of the regression line are homogeneous

H1: Sig.<0.5 ; The slopes of the regression line are not homogeneous

TABLE 6. Interaction test between the independent variable (Group) 
and covariate (Pre-Test) with the dependent variable (Post-Test) of creativity

Dependent Variable Source of changes Type III Sum of Squares df Mean Square F Sig.

Groups * Q.Pre
The interaction effect of pre-test 

and group
.001 2 .000 .125 .883

According to the results of Table 6, it can be seen that for the creativity variable, the value of the interac-

tion test statistic between the pre-test and post-test groups is not statistically significant, because the signif-

icance level is greater than 0.05 standard error. Therefore, the condition of balance of regression slopes for 

covariance analysis is established.

3. Examining the question

Assumption of Multivariate Test

H0: Sig.≥0.5 ; Multivariate covariance is not statistically significant

H1: Sig.<0.5 ; Multivariate covariance is statistically significant

TABLE 7. The results of the analysis of covariance comparing groups 
in terms of creativity in the Post-Test by controlling the effect of the pre-test

Dependent 
Variable

Source of changes
Sum of 

Squares
df Mean Square F Sig.

Partial Eta 
Squared

Creativity
Pre-test effect .035 1 .035 12.686 .001 .187

Independent variable effect (Group) .699 2 .350 125.039 .000 .820

As can be seen in Table 7, the value of the test statistic for creativity in the post-test stage has become 

significant at the 5% error level, because its significance level is less than 0.05 standard error. Therefore, 

after the training in the three control and experimental groups, in the post-test stage, after removing the 

effect of the pre-test, there is a significant difference in this variable. The amount of this effect according to 

the eta squared column was (82) percent. These are the general results of covariance analysis on the data 

set. In order to check the trend in each of the groups, pay attention to the results in Table 8.
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TABLE 8. The Results of the analysis of covariance comparing groups in terms of creativity 
in the post-test by controlling the effect of the pre-test separately for each group

Dependent Variable Source of changes Sum of Squares df Mean Square F Sig. Partial Eta Squared

Creativity

Ctrl .004 1 .004 2.371 .143 .129

Exp1 .025 1 .025 4.621 .050 .204

Exp2 .010 1 .010 6.941 .016 .268

As can be seen in Table 8, the progress of creativity has become statistically significant only in the experi-

mental  group, while in the experimental1 group, progress has also been seen, but it is not statistically signif-

icant. The amount of this improvement is also expressed according to the eta square column was 27 percent.

The second research question inquired Iranian EFL teachers’ attitude toward the role of social platforms 

on their creativity. To answer the question a semi-structured interview was employed. To do this, three 

questions were designed by the researchers. To enable the teachers to speak freely in their own tongues, 

the interviews were conducted in Persian 15 minutes were allotted for each interview.  The interviewees’ 

remarks were recorded, transcribed, and then translated into English. 

When asked about the effect of social media on teachers’ creativity, one of the interviewees noted that: 

“Like all other teaching methods, media should be used sparingly during the educational process. Media can be used to connect 

ideas or encourage conversation. Social media use in education appears to improve teacher performance as evidenced by the 

strong effects that knowledge sharing, creativity, cooperation, and engagement have on teachers’ performance».

Another teacher also stated that: 

“Social media improves cooperation, interaction, learning outcomes, and other course-related qualities that boost teachers’ per-

formance both formally and informally. Their comprehension and communication abilities in relation to their job and work profile 

will grow as a result. All these can result in the teacher’s creativity.”

In answer to the question that probed the advantages of using social media as a learning tool, a teacher 

explained that:

“Using media to teach people engages them, helps them retain knowledge, inspires interest in the material, and shows the ap-

plicability of numerous ideas. But that is not the case. Social media appears to have impacted how children are taught and learn 

if we consider the fact that a significant portion of internet users are both students and teachers. Bridges are built between stu-

dents’ prior knowledge and the course’s learning objectives through effective instruction.” 

Another interviewee said that:

“Users can learn a lot online through social media. The analysis of social media has changed everyone’s life. Social media use in 

the education sector will benefit students by enabling them to learn and access information globally. Social media also assists in 

improving teachers’ academic performance and expanding their knowledge through data and information gathering. It provides 

more options for sharing knowledge and expertise in a fun and interesting way. The best thing about social media is how quickly 

you can identify the subject and field experts. In order to gain more knowledge and beneficial information from them. It’s a great 

chance for us to seek advice from professionals on the subjects where we might need it.”
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The interviewees were asked about the best social media for teachers. Eight Interviewees said that they 

preferred Google Meet. One of them argued that:

“Google Meet is superior to other social media for learning for a number of reasons. One reason is that the Standard Google Meet 

is always free as such more preferable compared to other learning management systems (LMSs), which are expensive to buy. 

Google Meet is also equipped with useful remote teaching functions, allowing you and to learn online easily”. 

Four other interviewees from this group noted that with the recent change from Google Hangouts to 

Google Meet, it is thought that Google Meet competes better with Skype and Zoom and is one of the best 

tools for group videoconferencing. In addition, as they reported, after years of using Google they think that 

they are more familiar with tools created by Google.

Overall, the results demonstrate that teachers considered Google Meet to be user-friendly, easy to use, 

and adaptive for interaction. The study confirmed that language instructors perceived it as an effective tool 

for creativity in language teaching. This is in accordance with the concrete theory which maintains that social 

interaction is crucial in learning to stimulate and enhance learner development and creativity (Li et al., 2022).

4. DISCUSSION 
The present study aimed to compare the effectiveness of knowledge sharing via Adobe connect and Google 

Meet on EFL teachers’ creativity. It was found that the Google Meet group outperformed the Adobe Connect 

group and that knowledge sharing improved the creativity of the EFL teachers. The result is consistent with 

research by Parhamnia and Farahian (2021) who found that there was a significant relationship between 

knowledge sharing and EFL teachers’ creativity. Mazhar and Akhtar (2018) investigated the connection be-

tween university professors’ creativity and knowledge management. As reported, technology, creativity, 

and knowledge management have significant relationships. Another study came to the conclusion that cre-

ativity may be influenced by the combination of new and old knowledge (Kogut & Zander, 1992). It is con-

ceivable that the mutual learning that could result in the generation of new information enhances people’s 

capacity to devise original responses to problems (Kogut & Zander, 1992; Tsai & Ghoshal, 1998). In another 

study, Ipe (2004) found that developing informal connections with team members’ aids in a person’s knowl-

edge construction. The results also suggest that social media boosts participants’ motivation, which has an 

impact on their capacity for interactive learning.

As to the comparison of the performance of the Google Meet and Adobe Connect, it has been report-

ed that Adobe Connect and Google Meet softwares have some similar qualities such as customer support, 

Google Meet has some advantages over Adobe Connect including its functionality, and ease of use, (Soft-

ware Advise, n.d.) In addition, as reported by the interviewees, the better performance of Google Meet can 

be explained by its affordability, its useful remote teaching functions, and most importantly higher familiar-

ity of the teachers with Google Meet compared to Adobe Connect. 

According to the interviewees’ reports in response to the second study question, it was discovered that 

most respondents had a favorable opinion on the use of social media in education. To advance their pro-

fessional development, EFL teachers appear to need to work together more. In this case, social media can 
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be a significant tool for teachers to use in order to share ideas, benefit from one another’s knowledge, and 

ultimately learn more about education.

According to (Al-Fadda & Al-Yahya, 2010), it may be inferred from the study’s discussion of social media’s 

role in teacher education that Google Meet might help EFL teachers share knowledge and foster their cre-

ativity. According to the research findings, EFL teachers have favorable opinions about using social media 

(Al-Fadda & Al-Yahya, 2010). Teachers believe that social networking can aid individuals in expanding their 

knowledge (Bani-Hani et al., 2014). Additionally, teachers think that social media enhances their academic 

performance and boosts their linguistic self-assurance. They concur that social media can increase their 

motivation to study (Jethro et al., 2012; Ziegler, 2007). Last but not least, teachers believe that learning 

through social media is more collaborative than traditional learning and that doing so can help them inte-

grate more successfully into the classroom (Ferdig, 2007). 

The findings corroborate Lewandoski’s (2015) assertion that the use of Google Meet makes learning 

more organized and understandable. In the same vein, Lander (2014) explains that the use of Google Meet 

accomplishes predetermined lesson objectives when utilized cooperatively. The outcomes in terms of col-

laborative learning were comparable and concur with Ramli et al. (2022) findings who showed that the use 

of Google Meet promotes collaborative learning and offers language learners a sense of belonging by im-

mersing them in the language community. This demonstrated how useful Google Meet was as a language 

learning aid in an online distance learning setting. The findings mentioned above concur with that of Lee 

(2018) which contends that Google Meet is user-friendly and simple to use in the classroom (Lewandoski, 

2015), though it is important to note that this may change depending on the context. In line to the conclu-

sions and findings of the study, the comparable studies by Lander (2014) and Isaacson (2013) asserted that 

Google Meet was adaptable and effective for carrying out learning. Other studies (Lander, 2014; Lewandoski, 

2015; Martinez-Nunez et al., 2016) support the findings above, and indicate that Google Meet is efficient for 

online classroom assignments.

5. CONCLUSIONS
According to the study’s findings, teachers’ information sharing is becoming increasingly important due to 

the fast-paced change in knowledge in the age of changing knowledge and the encouragement of teachers’ 

professional development. Through ongoing learning, teachers must adapt to the shifting social norms and 

educational regulations. Despite this, teachers frequently feel helpless and eager to learn new technology, 

new teaching methods, and new challenges outside the usual teaching chores and supporting schools in 

administrative tasks due to a lack of time and space. 

Teachers must work together to enhance their daily practice. A school can set up systems for informa-

tion sharing, allow for more time for professional conversation and discussion, motivate and direct teachers 

working with various fields of study or grade levels to share their own teaching methods and evaluations 

and provide knowledge delivery through virtual and actual expertise communities. Knowledge should be 

shared and expanded so that it does not become less valuable over time. Individually created lesson plans 

and learning worksheets can be placed on a platform and shared with others to spread knowledge. In order 
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to develop new teaching models that are appropriate for school pupils and progress teaching techniques 

in lessons to promote teacher efficacy, teachers could create fresh inspiration and new knowledge through 

unique knowledge sharing. 

This study clarifies how social media may be used to spark teachers’ creativity, therefore we propose 

that Google Meet can encourage information exchange and potentially even advance teachers’ profession-

al development. The study also confirmed that teachers evaluated the use of Google Meet as a language 

learning tool that stimulated collaborative learning, increased creativity in language instruction, and im-

proved understanding of lessons. Our findings clearly show that teachers thought using Google Meet was 

user-friendly, simple to use, and adaptable for interaction. According to the concrete theory, which main-

tains that social interaction is crucial in learning to stimulate and enhance learner development during the 

lesson, the use of Google Meet made lessons clear and understandable, and the study confirmed that lan-

guage instructors perceived it as an effective tool for language teaching and learning as it bridges the dis-

tance created by online distant learning.

Future research can examine if Google Meet usage enhances other facets of teachers’ professional de-

velopment. The results of the present study may also prompt a reevaluation of social media’s potential to 

foster motivation, transparency, and feedback in communication while simultaneously serving as a catalyst 

for reforming the teacher education system. Such claims can be investigated in the future studies. 

The results of the present study might have some implications. Firstly, the education policies and pro-

grams should attach more significance to knowledge sharing practice, present proper opportunities for 

them to increase their knowledge and creativity, and raise teachers’ awareness about the significant role of 

knowledge sharing in EFL education. Secondly, the EFL policymakers could investigate the effectiveness of 

social media in knowledge sharing among instructors. Thirdly, it is important to investigate the EFL teach-

ers’ issues to identify the barriers to creative practices of EFL instructors. Finally, schools as educational in-

stitutes should provide a more friendly environment and atmosphere for their teachers to reflect their crea-

tive practices in the classroom. The present study had also some implications for academics. The managers 

should support their EFL instructors financially and consider rewards for them to devote more time to their 

profession and do their teaching more creatively. Besides, curriculum and syllabus designers, and material 

developers, should attempt to design lessons, tasks, and practices that encourage creativity in educational 

system among teachers and students.

5.1. Limitations and future lines of research

The present study has some limitations like any other study. As the first limitation, the sample was not 

large enough and thus, no generalizable conclusion could be drawn from the results. The second limitation 

was that available EFL teachers were recruited and this may have affected the outcomes since the chosen 

samples might have contained talented teachers who were not drawn at random from Iranian EFL teachers. 

Second, the sampling for this research consisted solely of high schools.

There are some suggestions for future researchers regarding the barriers to sharing knowledge. In fur-

ther studies, researchers could use larger samples for furthering the understanding of the barriers of sharing 
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knowledge among EFL instructors. It is also possible for future researchers to consider creative teaching in 

EFL courses for developing language knowledge and skills and study the instructors’ ideas regarding the 

barriers to creative teaching in EFL courses. Conducting a qualitative research using interviews is another 

suggestion for future researchers. They could conduct interviews with EFL instructors and EFL learners to 

find out their perspectives regarding creativity in the classroom and its barriers. It is also needed to conduct 

some studies to recognize the factors that encourage or hinder EFL instructors from creative teaching.
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No funding was received to conduct the study.
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Appendix 

The interview questions

1 Do online platforms have effect on teachers’ creativity?

2 What are the advantages of using online platforms as learning tools?

3 What are the disadvantages of using online platforms as learning tools?

4 What are the characteristics of a good online platform as a learning tool?
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ABSTRACT
The purpose of this research is to investigate the impact of digital games on students’ academic achievement and creative 
thinking in teaching historical subjects in social studies classes. The data for the research were collected using a mixed-
methods model. The study group consists of 7th-grade students from two separate classes studying in a school affiliated 
with the Ministry of National Education within the boundaries of Erzurum province during the 2022-2023 academic year. 
Class A represents the experimental group, while Class B represents the control group. A total of 62 students participa-
ted in the research, with 31 in the experimental group and 31 in the control group. The quantitative data of the research 
were collected through Torrance Creative Thinking Test Verbal A-B Forms, an academic achievement test developed by the 
researcher, and a teacher observation form. The qualitative data were gathered using a semi-structured interview form 
developed by the researcher. The quantitative data analysis of the research was conducted using the SPSS 21.0 package 
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for data that did not exhibit normal distribution. The qualitative data of the research were collected through the “Inter-
view Form” and analyzed using content analysis with the MAQODA 20 analysis program. As a result of the research, it was 
concluded that digital games increased students’ academic achievement and encouraged creative thinking. Additionally, 
according to student opinions, digital games influenced digital principles, creative thinking activities, and types of games. 
Students faced challenges in creating video games, particularly with video and writing applications during the process of 
digital game creation. In the research, considering that some students are more engaged in the fun and creative activities 
of lessons conducted through digital games, efforts should be directed towards enhancing student creativity and fostering 
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further research in the field of digital game applications for educational purposes.
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1. INTRODUCTION
The education system undergoes continuous changes with technological advancements, providing oppor-

tunities to offer more effective learning methods to students. In today’s world, games have become a signif-

icant activity for children (Avidov-Ungar & Hayak, 2021; Mohanty et al., 2021). Games have recently captured 

the interest not only of children and teenagers but also of adults (Hébert et al., 2021). The importance of 

games today stems from their use as a source of entertainment for individuals. Engaging in games can be 

beneficial for individuals while also being a source of enjoyment. For instance, the use of digital games in ed-

ucation leads to the emergence of Digital Game-Based Learning (DGBL) (Chen et al., 2020; Perininet al., 2018).

In recent years, the integration of digital games into educational processes has the potential to provide 

students with effective and interactive learning experiences. Educational digital games have been shown to 

enhance students’ learning levels and develop various creative abilities (Behnamnia et al., 2020). Digital games 

allow students to creatively tackle real-world problems (Cook & Bush, 2018). By positively influencing students’ 

psychology, digital games enhance creative thinking skills. Therefore, digital games effectively contribute to 

RESUMEN
El propósito de esta investigación es investigar el impacto de los juegos digitales en el rendimiento académico y el pensa-
miento creativo de los estudiantes en la enseñanza de materias históricas en las clases de estudios sociales. Los datos para 
la investigación se recopilaron mediante un modelo de métodos mixtos. El grupo de estudio está formado por estudiantes 
de séptimo grado de dos clases separadas que estudian en una escuela afiliada al Ministerio de Educación Nacional dentro 
de los límites de la provincia de Erzurum durante el año académico 2022-2023. La clase A representa el grupo experimental, 
mientras que la clase B representa el grupo de control. Un total de 62 estudiantes participaron en la investigación, 31 en el 
grupo experimental y 31 en el grupo de control. Los datos cuantitativos de la investigación se recopilaron a través de Torrance 
Creative Thinking Test Verbal A-B Forms, una prueba de rendimiento académico desarrollada por el investigador y un formu-
lario de observación del maestro. Los datos cualitativos se recopilaron mediante un formulario de entrevista semiestructu-
rada desarrollado por el investigador. El análisis de datos cuantitativos de la investigación se realizó utilizando el paquete de 
programas SPSS 21.0. Se realizó una prueba de normalidad para determinar si los datos seguían una distribución normal. Se 
utilizaron pruebas paramétricas como la “prueba t de muestras pareadas, la prueba t de muestras independientes y ANOVA” 
para el análisis de los datos que muestran una distribución normal, mientras que se utilizaron pruebas no paramétricas como 
la “prueba U de Mann Whitney y la prueba de rangos con signo de Wilcoxon”. utilizado para datos que no exhibieron una 
distribución normal. Los datos cualitativos de la investigación fueron recolectados a través del “Formulario de Entrevista” y 
analizados mediante análisis de contenido con el programa de análisis MAQODA 20. Como resultado de la investigación, se 
concluyó que los juegos digitales aumentaron el rendimiento académico de los estudiantes y fomentaron el pensamiento 
creativo. Además, según las opiniones de los estudiantes, los juegos digitales influyeron en los principios digitales, las acti-
vidades de pensamiento creativo y los tipos de juegos. Los estudiantes enfrentaron desafíos en la creación de videojuegos, 
particularmente con aplicaciones de video y escritura durante el proceso de creación de juegos digitales. El estudio debe 
enfocarse en el desarrollo de la creatividad de los estudiantes y en la capacidad de centrarse más en el aprendizaje, tenien-
do en cuenta que algunos estudiantes participan más en actividades lúdicas y creativas en lecciones impartidas con juegos 
digitales. Dada la reciente expansión de las aplicaciones de juegos digitales en todos los aspectos de la vida, se necesita más 
investigación en los estudios de aplicaciones de juegos digitales orientadas a la educación.

PALABRAS CLAVE  Estudios sociales; juego digital basado en el aprendizaje; enseñanza de historia; rendimiento académico; 
pensamiento creativo.
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increasing students’ real-life creative thinking skills and addressing challenges, exploring abilities, increasing 

motivation, and finding solutions to enhance learning (Avidov-Ungar & Hayak, 2021; Hsiao et al., 2014). Digital 

games play a role as tools to emphasize students’ critical and creative thinking skills. Defined as technological 

tools where learning is concretely embodied, digital games enable students to solve their individual problems 

and make more creative decisions (Brunnet & Portugal, 2016; Gilavand, 2019; Hébert et al., 2021). There is a 

growing interest in using digital games in education. Digital games offer advantages such as making learning 

enjoyable, enhancing collaboration skills, and improving problem-solving abilities. These benefits can contrib-

ute to students learning historical topics more effectively in social studies classes. The potential of teaching 

historical events and concepts through digital games allows students to experience a more interactive and 

experiential learning process (Breien & Wasson, 2021; Chen et al., 2020; Pinto et al., 2023). While exploring 

historical contexts, students can enrich their learning experiences with activities such as making decisions, 

solving scenarios, and actively participating in historical events. This approach may help students develop 

in-depth understanding and critical thinking skills instead of simply memorizing information. Teaching history 

through digital games can increase students’ capacities for creative thinking (Cook & Bush, 2018). Since games 

require problem-solving and strategy development, they can strengthen students’ analytical thinking abili-

ties. Additionally, by allowing students to evaluate and criticize historical events from different perspectives, 

games can support their creativity (Avidov-Ungar & Hayak, 2021; Ortega-Rodríguez et al., 2022). Especially in 

social studies classes, the aim is to provide students with a broad perspective on history, geography, culture, 

and societal issues to enhance awareness and develop critical thinking skills. In this context, the subject to be 

examined in this article is the impact of teaching history topics through digital games in social studies classes 

on students’ academic success and creative thinking. Understanding how this innovative approach plays a role 

in strengthening students’ abilities to comprehend, analyze, and criticize historical events indicates potential 

transformations in the field of education (Behnamnia et al., 2020).

1.1. Educational digital games

Teachers use various learning tools to motivate students for the lesson. Teachers who want to use an effec-

tive teaching tool in their lessons today apply digital games (Byun & Joung, 2018). Digital games are created 

on computers, smart phones and video games, keeping the student’s knowledge in balance with real-life 

scenarios. An effective digital game must encourage students to experience the results of their actions by 

choosing the target they want to reach correctly. With digital games, students learn by trial and error by 

making mistakes in the learning process. It also allows them to design their own actions and review the 

process (Ashraf, 2020; Breien & Wasson, 2021; Chen et al.,2020; Kucher, 2021). 

When applying digital games in education, it is necessary to design a game that includes teaching meth-

ods. Digital game applications should be at a level that will attract the attention of the student and motivate 

them for the lesson. Digital games in our age are divided into games and simulators (Chang et al., 2018). In 

games, there are goals and levels. It progresses gradually and successful completion of the task is ensured. 

A measurement is provided according to the skill acquired by the student (Kumar et al., 2021a). In simula-

tion, learning takes place by interacting in an environment designed to animate the environment in which 

the individuals will apply their skills and knowledge in the computer environment. However, a simulation 



INNOEDUCA

70Innoeduca. International Journal of Technology and Educational Innovation
Fatih Pala

is self-explanatory. One learns by interacting with a computerized environment designed to simulate the 

environment in which one will eventually apply their skills and knowledge (Alam, 2020; Wu et al., 2020). 

Recently, there have been certain principles of digital games extensively utilized in education (Ashraf, 

2020). Digital games empower students’ creativity by offering opportunities to generate knowledge. The fun-

damental principles of digital games establish the basis of interaction in learning by connecting learning prin-

ciples in digital environments (Wilson et al., 2020) and enhancing learning (Hsiao et al., 2014; Kaul et al., 2017).

Teachers who use digital games in their classes expect positive outcomes in students (Alam, 2020; Wu 

et al., 2020). Additionally, teachers desire a certain level of efficiency in the digital games they use in their 

classrooms (Kumar et al., 2021a). Students generally have high self-efficacy in operating digital games 

(Alam, 2020; Kumar et al., 2021a; Kumar et al., 2021b). Moreover, teachers need to have a certain level of 

competence to implement digital games in their classes (Gerber & Price, 2013).

1.2. Educational digital games and creative thinking

Creativity is generally defined as a human trait that brings forth positive emotions and personal satisfaction. 

The creative process is thought to be interdependent with creative domains, and the potential for creativ-

ity is considered to manifest in everyday creative actions (Csikszentmihalyi, 1996; Sternberg, 2012). The 

creative thinking process is identified in all individuals as the “capacity for original interpretation” and is 

characterized as an individual’s ability for creative thinking without expertise or domain dependency. This 

process is emphasized as a central skill for all students in education (Kaufman & Beghetto, 2009). However, 

the insufficient inclusion of creativity in educational curricula is considered a significant limitation in mod-

ern school systems, despite the acknowledgment of the importance of creative and innovative thinking in 

all academic disciplines (Gangadharbatla, 2010; Root-Bernstein & Root-Bernstein, 1999).

Gangadharbatla (2010) expresses the need for new systems to understand the creative process, highlight-

ing the necessity for technology integration. This suggests that technology tools can offer significant opportu-

nities for fostering creative thinking in educational environments, providing various possibilities for students 

to enhance their creativity. Klausen (2010) points out the uncertainty about how students can be encour-

aged to think creatively in technology environments, emphasizing a lack of experimental groundwork in this 

regard. There is highlighted tension between technology-integrated learning and existing standards-based 

education. The conflict regarding whether the current educational standards are conducive to enhancing 

creative thinking skills is particularly emphasized. The avoidance of transformative and educational use of 

technology in traditional schools is noted, indicating a failure to fully leverage the potential of technology.

Researchers have suggested that the digital writing process can provide a robust learning environ-

ment and offer an opportunity for creative thinking directed towards internal learning. This indicates that 

students can not only create games but also enhance their digital writing skills (Robertson & Howells, 2008). 

Baytak and Land (2011) state that students can design games within a constructivist framework, and as 

design experience increases, so does their programming skills. Vos et al. (2011) suggest that game creation 

may be more motivating than game playing and can provide opportunities for using “deep learning strat-

egies.” Reynolds and Caperton (2011) determine that educational game design can provide an interesting 

and useful context for students to explore theoretical questions and discussions, engaging them in creative 
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thinking and presenting a positive learning experience. Game design and programming hold central impor-

tance in the development of technological literacy, supporting traditional text-based literacy (Caperton, 

2010). Kafai (2006) expresses that the special role of games in contemporary children’s culture, combined 

with a profound sense of attachment to activities related to games, creates a new and promising context 

for game studies. The reviewed literature demonstrates that understanding the creative thinking process 

in students during game design and development is crucial for addressing current educational challenges.

1.3. Using educational digital games in history education

The use of digital games holds significance in education, particularly in teaching history topics within social 

studies classes. The density of historical topics and the difficulty in using various teaching materials dur-

ing class often lead to student boredom. Therefore, using digital games in teaching history topics in social 

studies classes can be beneficial. The model developed for history education through digital game-based 

learning holds significance in emphasizing the importance of digital games in teaching history topics (Zin 

et al., 2009). The foundational approach diagram and stages of digital game development for history-based 

learning are provided below.

FIGURE 1. Development of a History Teaching DGBL method (Zin et al., 2009)
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Digital games, that have attracted great interest in education, have also started to be used in history 

teaching. Such games have started to be used, especially in social studies and history lessons. In this con-

text, the use of digital games in history teaching has been the subject of research by drawing attention of 

many researchers. In the study of Wainwright (2014), who pioneered the studies in this field, applied the 

game called “Civilization” to history education. In this study, the effectiveness of the game in teaching criti-

cal thinking and history subjects was revealed. In their study Cruz et al. (2017) and Yu, et al., (2014) conclud-

ed that history teaching games have a positive effect on history teaching. In the study of Wainwright (2014) 

a similar conclusion was reached, as in other studies. In their study, Haataja et al.(2019) adapted “Assassin’s 

Creed” to history subjects and as a result of the research, they concluded that students’ interest in histor-

ical subjects increased, and they were more willing to produce new ideas on this subject. Alam (2020) and 

Kumari et al. (2021) investigated the effect on understanding historical subjects with the play “Europa Uni-

versalis II”. Cózar-Gutiérrez and Sáez-López (2016) applied the game “Minecraft Edu” in history lessons and 

concluded that the game had a positive effect on student motivation and participation in the lesson. There 

are more studies reaching similar results (Bell & Gresalfi, 2017; Dukuzumuremyi & Siklander, 2018). Studies 

on history teaching mostly emphasize the development of students’ understanding of historical subjects, 

critical thinking, decision making and problem-solving skills. 

Digital games constitute the main purpose in terms of transferring the objectives in the curriculum 

to students. The main purpose here is digital-based games should not only serve as a means of enter-

tainment, but also aim to reach the main goals of education by enabling students to develop creativity, 

attention and motivation. Considering the studies on the subject, there are not many studies aimed at im-

proving student creativity and academic achievement of digital-based games used in history teaching. For 

this reason, there was a need for a study on the effect of digital games on students’ academic achievement 

and creativity in teaching of history subjects in Social Studies course. Within the context of this purpose, a 

digital game for history teaching named “History with Me”, which is about the “Culture and Heritage” unit 

of the Social Studies course, was designed. The game designed by students aims to reveal its effect on both 

the process and the course achievement and creativity. Within the context of this purpose, the problem 

sentence of the research is: How do digital games used in the teaching of history subjects in the Social 

Studies course effect the academic achievement and creative thinking of students? The sub-problems of 

the research are: 

1.	 Is there a difference in achievement pre-post test scores between the control and experimental groups?

2.	 Is there a difference in creative thinking skills pre-post test scores between the control and experimental 

groups?

3.	 According to teacher observations, is there a difference in the performance of the control and 

experimental groups throughout the study period (pre-activity, during, and post-activity)?

4.	 What are the opinions of the experimental group students regarding the use of digital games in history 

teaching?
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2. MATERIAL AND METHOD

2.1. Research model

The study investigating the impact of digital games on students’ academic achievement and creativity in 

teaching history topics within the Social Studies course was conducted using a mixed research method, em-

ploying an explanatory sequential design. This design consists of two stages. In the first stage, quantitative 

data is collected, while in the second stage, qualitative data is gathered. In this design, multiple data collec-

tion tools (interviews, observations, visual and auditory materials, reports, documents) are used to collect 

data, which is then analyzed in-depth and categorized into themes (Creswell, 2016; Creswell & Clark, 2015). 

The quantitative data of the research was collected through a pre-test post-test control group experimental 

design, whereas the qualitative data followed a case study design.

FIGURE 2. Research model

2.2. Study group

The research study consists of 7th-grade students attending a school affiliated with the Ministry of National 

Education within the borders of Erzurum province in the 2022-2023 academic year, forming two separate 

classes. Class A represents the experimental group, while Class B represents the control group. A total of 

62 students participated in the research, with 31 in the experimental group and 31 in the control group. Of 

these students, 30 are female, and 32 are male. It should be noted that the classes are not divided based on 

academic levels. In accordance with this, information was obtained from the school administration regard-

ing how students were assigned to classes. It was indicated by the school administration that students were 

randomly assigned to classes, and the class levels were generally similar. In quantitative research methods, 

a probability-based sampling method, specifically random sampling, was employed. This type of sampling, 

based on probability theory, generally constitutes “good” samples (Christensen et al., 2014).

2.3. Data collection tools

Quantitative data of the study was collected with Torrance Creative Thinking Test Verbal A-B Forms, aca-

demic achievement test developed by the researcher, and teacher observation form. Qualitative data was 

collected with a semi-structured interview form developed by the researcher.
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2.3.1. Achievement test

In the study, an achievement test was developed by the researcher to determine the academic achievement 

levels of the students. During the development process of the achievement test, an achievement test was 

developed by considering Crocker and Algina (1986). The development stages of the achievement test to be 

used in the research are indicated in the figure below.

FIGURE 3. The process of forming achievement test

The researcher prepared an achievement test to determine the level of knowledge of students partic-

ipating in the study regarding the subject area before the experimental procedure and to measure their 

academic success after the experimental procedure. The process of preparing the achievement test took 

place in three stages.

In the first stage, a question pool was created taking into account the scope validity according to the 

achievements of the 7th-grade Culture and Heritage unit in the Social Studies Course. Source books and the 

7th-grade Social Studies textbook were utilized in the preparation of the questions. While developing the 

achievement test, the achievements of the Culture and Heritage unit were taken into consideration.

In the second stage, considering the scope validity, the selection of questions for the pilot test was car-

ried out, and the achievement test was prepared. The opinions of Social Studies teachers, educators in the 

field of Social Studies education, and faculty members working in the field of measurement and evaluation 

were obtained regarding question selection and scope validity in the prepared test. Necessary adjustments 

were made based on the opinions and suggestions of subject matter experts. A pilot test was then created 

in line with the opinions of experts. Subsequently, pilot implementation was carried out with the necessary 

permissions obtained from the Provincial Directorate and the Provincial Board of Education.

In the third stage, a reliability and item analysis study was conducted. Since the measurement tool used 

was multiple-choice, KR-20 reliability was examined. After the analyses, the questions were organized, and 

the achievement test was finalized by seeking expert opinions again. Considering the Academic Achieve-

ment test, the statistics related to the test are indicated in the table below.
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TABLE 1. Achievement test results statistic results

STATISTICS VALUE

Number of questions  34 

Average  14.789 

Standard Deviation  7.096 

Index of Distinctiveness  0.542 

Difficulty Index  0.438 

Coefficient of Reliability  0.876 

2.3.2. Torrance creative thinking test (TCTT) verbal A-B forms

Considering former studies, it is seen that Torrance Creative Thinking Tests (TCTT) is the most cited test 

among the creative thinking tests. In addition, TCTT has a special importance as it directly measures creativ-

ity in terms of content (Kim, 2007). In this context, Torrance Creative Thinking Test Verbal A and B forms were 

used to measure the creativity of the students participating in the study considering digital games used in 

teaching of social studies course history subjects. The test was developed by Torrance in 1966. TCTT consists 

of four distinct factors: Fluency (idea), Flexibility (change), Originality (original idea) and elaboration (detail) 

(Kim, 2007; Torrance, 1972). Torrance Verbal Test of Creative Thinking consists of two distinct categories, A 

and B. This test can be applied to all age groups, from kindergarten to adults. There are six activities in each 

form of the test. In the test, 5 minutes are given for the 1st, 2nd, 3rd and 6th activities, and 10 minutes for the 

4th and 5th activities. In total, the application time of the test is 40 minutes. TCTT is performed by calculat-

ing the sums of fluency, flexibility and originality measurement scores in 6 activities. In the TCTT Form, the 

first three of the activities begin with an indefinite picture. TCTT activities are indicated in the figure below.

FIGURE 4. Torrance creative thinking test (TCTT) verbal A-B forms activities
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A validity and reliability study of TCTT was conducted. It was concluded that it had predictive validity in 

the tests performed. According to Cropley (2000), In the TCTT reliability study conducted by Torrance (1972), 

the reliability coefficient averages between the tests were not below 0.10. In the validity and reliability studies 

conducted for TCTT (Sungur, 1988), test-retest reliability correlation coefficients were found between 0.80 and 

0.90. Aslan (2001), on the other hand, conducted TCTT reliability and validity studies and found that the corre-

lation coefficients between the scores obtained in the test were significant at the p<0.01 level in all subtests. In 

the internal consistency calculation, correlation coefficients between (r=0.38) and (r=0.89) were obtained with 

Spearman Brown, Cronbach Alpha and Guttmann formulas. The lowest score of the group was calculated as 

the Cronbach Alpha value (0.50), and the highest internal consistency coefficient was found (0.71).

2.3.3. Interview form

In the study, it was aimed to investigate the effect of digital games on academic achievement and creative 

thinking in teaching social studies history subjects. In this process, digital games for history teaching were 

designed with students. It will also be important for future researches to examine deeply the thoughts of 

students involved in the studies regarding the process. In this context, the interview form was considered 

appropriate to receive the opinions of people and a semi-structured interview form was created by the re-

searcher. The form was prepared by taking the opinions of academicians and teachers who are experts in 

their fields. Interview form was prepared in four categories. It was discussed in four sub-dimensions: (1) the 

effect of digital games on digital game principles, (2) the effect of digital games on game types, (3) the effect 

of digital games on creative thinking activities, and (4) the difficulties encountered in designing digital games. 

Interview questions were prepared as open-ended by examining the literature and put in a certain order 

(Karasar, 2002; Yıldırım & Şimşek, 2005). The interview form was given its final form by taking expert opinions. 

The interview form consists of 4 questions. In order to inform the people who participated in the inter-

view, an introduction section was added to the interview form and information about the interview process 

was given. In the interviews, both a voice recorder was used, and notes were taken. The MAXQODA 20 pro-

gram was used in the analysis of the interviews. The data was analyzed by categorizing and presented in 

tables and graphs. 

For the content validity of the prepared interview questions, opinions were received from academi-

cians, who are experts regarding the subject. The pre-application interview questions were subjected to a 

pilot scheme. For the reliability of the interview, special care was taken to ask each question in the same 

way to all interviewees. For the analysis reliability of the interviews, the categories were coded to another 

person other than the researcher, and the percentage of agreement between them was checked. In addi-

tion, for coding reliability, the data was coded two separate times, and it was checked whether the same 

sentences were coded in the same category in both coding. Data that was not coded into the same category 

was excluded.

2.3.4. Teacher observation form

In the process of collecting the data of the research, a “structured observation form” was also used. An ob-

servation form was created by examining the literature about the behaviors of students during the activity 



INNOEDUCA

77Innoeduca. International Journal of Technology and Educational Innovation
Fatih Pala

process (Goodson & Layzer, 2006). Observation form consists of three parts: before the activity, during the 

activity and after the activity. The observation form consists of items developed to code student behaviors. 

Each item was coded as 1 if it was observed once during the activity, and 0 if it was not observed at all. In ad-

dition, item frequencies were not coded. Before coding the data, two coders coded an experimental activity 

regarding how to code the observation forms. Cohen’s kappa coefficient was calculated to ensure reliability 

among the coders, and it was found as κ = .89. 

2.4. Process

The steps of the research process are listed as follows:

1.	 A proficiency test related to the “7th grade social studies curriculum culture and heritage learning area” 

has been prepared by the researcher.

2.	 Permission has been obtained from the provincial directorate of national education and relevant 

departments to pilot the proficiency test in order to test its validity and reliability.

3.	 The proficiency test has been pilot-tested to determine its validity and reliability.

4.	 Information has been acquired from relevant sources regarding the application and evaluation process 

of the “Torrance creative thinking verbal forms A and B” used as the data collection tool in the research.

5.	 A discussion form has been prepared by the researcher after obtaining opinions from expert academicians 

and teachers related to the subject.

6.	 The discussion form, refined based on expert opinions for content validity, has been administered to a 

total of 31 individuals after scheduling appointments.

7.	 Digital games designed to enhance students’ academic achievement and creative thinking skills related 

to the “7th grade social studies curriculum culture and heritage learning area” have been created by 

reviewing the literature.

8.	 Approval has been obtained from the “ethics committee” and the “provincial directorate of national 

education” to conduct the application in a middle school within the boundaries of Erzurum during the 

first term of the 2022-2023 academic year.

9.	 A digital platform for the digital game application environment focused on teaching history topics in 

social studies has been prepared.

10.	The classroom environment of the selected school for the application has been adjusted to be suitable 

for the experimental study.

11.	Materials for the digital games planned for the “7th grade social studies curriculum culture and heritage 

learning area” have been transferred to the digital environment.

12.	Two separate 7th-grade classes in the selected school have been randomly chosen. One class will follow 

the regular curriculum, while the other will be subjected to the application of digital games designed for 

teaching history in social studies.

13.	A meeting has been held with the parents of the students involved in the experimental phase of the 

research with the approval of the school administration, providing them with information about their 

children’s participation in the application study.
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14.	An introductory training of 8 hours has been conducted by the researcher for the group that will be 

involved in the digital games designed for teaching history in social studies.

15.	Digital games for teaching history in social studies have been developed for a duration of 10 weeks.

16.	Pre-test applications of “proficiency test and TCTT verbal form a” have been conducted for the selected 

experimental and control groups.

17.	The experimental group was exposed to the digital games developed for teaching history in social 

studies, while the control group followed the regular curriculum methods and techniques for a period 

of 10 weeks.

18.	At the end of the research, the “proficiency test and TCTT verbal form b” were administered as the final 

test to the experimental and control groups.

2.5. The process of creating a digital game

1.	 Initially, the basic idea and concept of the game were developed in collaboration with the students. 

At this stage, fundamental features such as the game’s story, objectives, and main characters were 

determined.

2.	 Students, together with the researcher, designed the story of their game.

3.	 Students, in collaboration with the researcher, addressed elements such as game map designs and 

difficulty levels.

4.	 Designing the main characters and other characters was left to the responsibility of the students. 

Features such as the appearance and structures of animations were determined.

5.	 Rules and mechanics regarding how the game would be played were developed in collaboration with 

students. This included determining how players would interact and how the game would progress.

6.	 When designing the game’s graphics, interface, and visual elements, students were assigned specific 

tasks. This stage involved creating animations and effects.

7.	 Students’ opinions were taken into account when designing the game’s sound effects and music. It was 

emphasized to students that sound design is crucial to enhance the atmosphere and emotional impact 

of the game.

8.	 To build the technical infrastructure of the game, students were shown relevant studies by the researcher.

9.	 At every stage of game design, the researcher and students tested the games to identify and correct 

errors, balance the gameplay, and optimize the overall gaming experience. Feedback was provided 

throughout the process.

2.6. Why the ‘History with Me’ game?

1.	 The game has the ability to operate on multiple platforms. The game provides the opportunity to work 

on different platforms, reaching a wider audience.

2.	 The game offers impressive visual effects, which are important for simulations or learning materials.

3.	 This game is a significant advantage for historical knowledge and problem-solving.
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4.	 History topics are visually explained better through the game, making it more engaging for students.

5.	 The game’s compatibility with different applications allows students to learn anytime, anywhere.

2.7. Analysis of data

The analysis of the data consists of two parts: quantitative and qualitative. 

Quantitative data of the research was collected with “Academic Achievement Test and Torrance Cre-

ative Thinking Test Verbal A-B Forms and Teacher Observation Form”. The “Academic Achievement Test” 

developed by the researcher consists of 30 questions, 24 of which are multiple choice and 6 of which are 

open-ended. Scores of the students from the multiple-choice questions in academic achievement test were 

scored according to the answer key created by the researcher. A maximum of 24 points is taken, with 1 

point for each question. The lowest score was 0. The answers given by the students to the open-ended 

questions were evaluated in the context of creative thinking, fluency, flexibility and originality according to 

sub-dimensions. Student scores differ in the questions prepared in this category. The evaluation criteria of 

open-ended questions were evaluated in the context of the student’s answer being appropriate for the ques-

tion and having the quality of an answer. In this context, students received 1 fluency score for all answers. 

In addition, the answers given by all students for each open-ended question were divided into categories 

and 1 flexibility point was given for each category. Then, by reading the answers given by the students for 

each open-ended question, frequencies were created, and originality scores were determined according to 

the frequency of the answers given. For the score reliability of open-ended questions, another academician 

who worked on creativity apart from the researcher of the study made scoring. The correlational coefficient 

between scores the inter-rater reliability coefficient for the “TCTT Verbal A Form” was found 0.92, and the 

inter-rater reliability coefficient for the “TCTT Verbal B” was 0.93. Teacher observation form consists of three 

parts: before the activity, during the activity and after the activity. The teacher observation form consists of 

items developed to code student behaviors. Each item was coded as 1 if it was observed once during the 

activity, and 0 if it was not observed at all. In addition, item frequencies were not coded. There are 15 items 

in each part of the form, which consists of 45 items in total. The total score from each section is 15 and the 

total score is 45. In the analysis of the data, the analysis was made based on the total score obtained by the 

student from three sections. The analysis of the quantitative data of the research was conducted with the 

SPSS 21.0 package program. The normality test was performed to test whether the data of the study was 

normally distributed. “Related Samples t-test, Unrelated Samples t-test and ANOVA” were used in the analy-

sis of normally distributed data, and non-parametric “Mann Whitney U Test and Wilcoxon Signed Rank Test” 

were used in the analysis of data that did not indicate normal distribution. 

Qualitative data of the research was collected with the “Interview Form”. The data obtained during the 

interview was analyzed by content analysis. MAQODA 20 analysis program was used in the analysis of the 

data. The data collected with the voice recorder was transferred to MAQODA 20 program and written. The data 

obtained from the interviews was organized by removing the unnecessary parts. During the coding phase of 

the data, codes were divided into categories (themes) determined according to the questions in the inter-

view form. The codes created according to the questions in the interview form were brought together and 

examined by the researcher. The data presented was supported by direct examples from the interviewees. 
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3. RESULTS

TABLE 2. Mann Whitney U-test results of pre-test scores of control 
and experimental groups in cognitive domain steps of achievement test

COGNITIVE DOMAIN LEVEL  GROUP  n  MEAN RANK  TOTAL RANK U  Z  p 

Pretest Remembering 
Control  31  32,65  1008,00 

451,00  -0,45  ,656 
Experiment  31  31,56   956,00

Pretest Understanding 
Control  31  32,37  1000,60 

457,50  -0,35  ,730 
Experiment  31  31,02  953,50 

Pretest Applying 
Control  31  30,85  960,00 

465,50  -0,24  ,817 
Experiment  31  32,05  986,50 

Pretest Analyzing 
Control  31  31,32  963,00 

472,50  -0,14  ,895 
Experiment  31  32,06  986,00 

Pretest Evaluating 
Control  31  31,16  965,00 

467,00  -0,22  ,829 
Experiment  31  31,86  992,00 

Pretest Creating 
Control  31  32,65  1010,00 

449,00  -0,62  ,543 
Experiment  31  30,92  946,00 

When Table 2 is observed it is seen that achievement pre-test scores of groups in each dimension of cog-

nitive domain; remembering (𝑈 = 451.00; 𝑝 > .05), understanding (𝑈 = 457.50; 𝑝 > .05), applying (𝑈 = 465.50; 

𝑝 > .05)), analyzing (𝑈 = 472.50; 𝑝 > .05, evaluating (𝑈 = 467.00; 𝑝 > .05) and creating (𝑈 = 449.00; 𝑝 > .05) did 

not indicate any statistically significant difference. When the mean ranks and totals of groups are examined, 

it is seen that control group’s achievement scores are higher in “remembering, understanding and creating” 

dimensions of pre-experimental cognitive domain and experimental group’s scores are higher in “applying, 

analyzing and evaluating” dimensions.

TABLE 3. T-Test results of the achievement test pre-test total scores of control and experimental groups

COGNITIVE DOMAIN LEVEL  GROUP  n  x̄̄  S  sd  t  p 

Pretest Total Score 
Control  31  8,42  4,12 

60  0,47  ,645 
Experiment  31  8,12  3,73

When Table 3 is observed, it is seen that the mean achievement pretest total scores of the control and 

experimental groups did not indicate a significant difference (𝑡60) = 0.47; 𝑝 > .05). However, it is seen that 

mean total achievement score of control group before the experiment (x̄̄=8.42) is higher than total mean 

score of experimental group (x̄̄=8.12). 
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TABLE 4. Mann Whitney U-test results of control and experimental groups’ post-test scores 
in cognitive domain levels of achievement test

COGNITIVE DOMAIN LEVEL  GROUP  n  MEAN RANK TOTAL RANK U  Z  p 

Posttest Remembering 
Control  31  29,50  884,00 

388,00  -1,34  ,183 
Experiment  31  35,50  1069,00

Posttest Understanding 
Control  31  28,13  1000,60 

373,50  -1,57  ,119 
Experiment  31  34,99  953,50 

Posttest Applying 
Control  31  27,47  869,00 

356,50  -1,81  ,072 
Experiment  31  35,65  1085,50 

Posttest Analyzing  
Control  31  29,78  852,50 

444,00  -0,55  ,589 
Experiment  31  33,72  1110,00 

Posttest Evaluating 
Control  31  29,14  940,00 

403,00  -1,17  ,244 
Experiment  31  35,02  1015,00 

Posttest Creating 
Control  31  30,52  955,00 

459,00  -0,32  ,751 
Experiment  31  33,42  1000,00 

Posttest Total Score 
Control  31  28,98  873,00 

377,00  -1,48  ,141 
Experiment  31  34,96  1082,00 

When Table 4 is examined no statistically significant difference was observed between achievement 

pre-test scores of groups in each dimension of cognitive domain remembering (𝑈 = 388.00; 𝑝 > .05), un-

derstanding (𝑈 = 373.50; 𝑝 > .05), applying (𝑈 = 356.50; 𝑝 > .05) ), analyzing (𝑈 = 444.00; 𝑝 > .05, evaluating 

(𝑈 = 403.00; 𝑝 > .05) and creating (𝑈 = 459.00; 𝑝 > .05) and posttest total scores (𝑈 = 376.00; 𝑝 > .05). 

TABLE 5. T-test results of TCTT verbal A and B forms creativity total scores of control group students

GROUP TEST TYPE AND DIMENSION n x̄̄ S sd t p

Control

Verbal Fluency A Form 31 26,68 7,74
30 -1,99 ,059

Verbal Fluency B Form 31 29,89 11,37

Verbal Flexibility A From 31 17,31 5,73
30 -1,88 ,078

Verbal Flexibility B Form 31 19,06 6,37

Verbal Originality A From 31 15,78 5,45
30 -1,51 ,156

Verbal Originality B From 31 17,84 9,25

Verbal A Form. Total Score 31 59,01 18,25
30 -1,97 ,071

Verbal B Form. Total Score 31 66,02 26,03

When Table 5 is examined, no statistically significant difference was observed among pretest-posttest 

fluency ((30) = −1,99; 𝑝 > .05), flexibility (𝑡(30) = −1,88; 𝑝 > .05) and originality scores and mean scores 

(𝑡(30) = −1,51; 𝑝 > .05) and total scores (𝑡(30) = −1,97; 𝑝 > .05) of control group. When the mean scores of 

the TCTT Verbal A and B forms dimensions of the control group are examined, it is seen that posttest mean 

scores are higher than pretest mean scores considering all mean scores. Likewise, the control group’s post-

test mean scores (x̄̄=66,02) were higher than the pre-test mean scores (x̄̄=59,01).
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TABLE 6. T-test results of TCTT Verbal A and B forms creativity total scores of the experimental group students

GROUP TEST TYPE AND DIMENSION n x̄̄ S sd t p

Experiment 

Verbal A FormFluency  31  27,02  12,65 
30  -7,86 ,000* 

Verbal B FormFluency  31  41,38  16,94

Verbal A FormFlexibility  31  17,03  6,78 
30  -7,92 ,000* 

Verbal B FormFlexibility  31  24,98  7,02 

Verbal A FormOriginality  31  15,12  7,74 
30  -8,35 ,000* 

Verbal B FormOriginality  31  31,02  13,99 

Verbal A FormTotal Puan  31  58,35  25,85 
30  -8,83 ,000*  

Verbal B FormTotal Puan  31  97,06  36,96 

When Table 6 is examined, statistically significant difference was observed between the pretest-posttest 

fluency ((30) = −7,86; 𝑝< .05), flexibility (𝑡(30) = −7,92; 𝑝< .05) and originality scores of experimental group 

and the mean scores (𝑡(30) = −8,35; 𝑝 < .05) of their total scores (𝑡(30) = −8,83; 𝑝 < .05). 

TABLE 7. T-test results of the mean scores of the control and experimental groups in 
each dimension of the TCTT verbal A form and the total creativity scores

TEST TYPE AND DIMENSION  GROUPS n x̄̄ S sd t p

Verbal A Form  Control 31 26,68 7,74
60 -0,07 ,990

Fluency  Experiment 31 27,02 12,65

Verbal A Form  Control 31 17,31 5,73
60 0,25 ,843

Flexibility  Experiment 31 17,03 6,78

Verbal A Form  Control 31 15,78 5,45
60 0,56 ,634

Originality  Experiment 31 15,12 7,74

Verbal A Form  Control 31 59,01 18,25
60 0,21 ,872

Total Puan  Experiment 31 58,35 25,85

When Table 7 is examined, it is seen that the control and experimental groups’ TCTT pre-test fluency 

((60) = −0,07; 𝑝 > .05), flexibility (𝑡(60) = 0,25; 𝑝 > .05) and originality (𝑡(60) = 0,56; 𝑝 > .05) and total scores 

(𝑡(60) = 0,21; 𝑝 > .05) mean that there is no statistically significant difference. When the averages of the cre-

ativity pre-test scores of the groups are examined, it is understood that the averages of both groups in all 

dimensions and total scores are close to each other. 
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TABLE 8. T-test results of the mean scores of the control and experimental groups in 
each dimension of the TCTT verbal B form and the total creativity scores

TEST TYPE AND DIMENSION GROUPS n x̄̄ S sd t p

Verbal B Form Control 31 29,9 11,37
60 -3,19 ,003*

Fluency Experiment 31 41,38 16,94

Verbal B Form Control 31 19,06 6,37
60 -3,80 ,000*

Flexibility Experiment 31 24,98 7,02

Verbal B Form Control 31 17,84 9,25
60 -4,36 ,000*

Originality Experiment 31 31,02 13,99

Verbal B FormΩ Control 31 66,02 26,03
60 -3.81 ,000*

Total Puan  Experiment 31 97,06 36,96 

When Table 8 is examined, considering the control and experimental groups’ TCTT posttest fluency 

((60) = −3,19; 𝑝 < .05), flexibility (𝑡(60) = −3,80; 𝑝 < .05) and originality (𝑡(60) = −4,36; 𝑝 < .05) and total mean 

scores (𝑡(60) = −3,81; 𝑝 < .05) it is seen that there is a statistically significant difference. When the posttest 

mean scores of the control and experimental groups are examined, the mean scores in all dimensions of the 

creativity test differ on behalf of experimental group. 

TABLE 9. ANOVA results of the mean scores of the experimental group from 
the teacher observation form in the digital game creation process

VARIABLE  n  x̄̄  ss  sd  F  p  TUKEY 

Activity    

30  5,46   ,001* 

 

(1) Before the Activity 31  9,03  4,52  1-2 

(2) During the Activity 31  11,12  3,56  1-3 

(3) After the Activity  31  13,43  2,98  2-3

When Table 9 is examined, it is seen that there is a significant difference in experimental group’s before, 

during and after the experiment total scores of the teacher observation form (F(30) = 5.46, p < .05). Post-hoc 

tests were conducted to observe this difference. As a result of Tukey test, there is a difference in the total 

scores at each stage of the activities according to the teacher’s observation. 

FIGURE 5. Contribution of digital games developed to apply in history teaching to 
 the development of digital game principles
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According to students’ opinions, the effect of digital games developed in the teaching of history subjects 

in social studies course on the development of digital game principles was indicated through seven codes. 

According to this, the students stated the effect of digital games developed in the teaching of history sub-

jects in social studies course on the development of digital game principles each of the codes of inspiration, 

attention, and satisfaction 6 times, they stated each of the codes of personification, gamification, relevance 

and confidence 5 times (see Figure 5).

S12 “The activities we did together with my teacher during the process attracted my attention a lot. I love playing games on the 

computer anyway. As a result, my attention to the lesson and the activities increased.”

FIGURE 6. The effect of digital games developed to apply in history teaching on the development of game types

According to student opinions, the effect of digital games developed in teaching of history subjects in so-

cial studies course on the development of Hughes Taxonomy (2002) game types was indicated via seven codes. 

According to this, students stated the effect of digital games developed in teaching of history subjects 

in social studies course on the development of digital game genres 6 times for exploratory and social play 

codes, creative play 8, imaginative play 7 and they stated each of the object, deep and communication play 

codes 5 times (see Figure 6).  

S9 “In social studies course, our teacher made us play games about history. But I love games with objects like building blocks. If it 

is done in other lessons, I will tell our teacher to make such games.”

FIGURE 7. The effect of digital games developed to apply in history teaching on 
the development of creative thinking activity
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According to students’ opinions, the effect of digital games developed in teaching of history subjects in 

social studies course on the development of creative thinking activities was indicated via five codes. Accord-

ing to this, students stated each of the drawing and painting codes 8 times, constructing 7 times, they stated 

each of the storytelling and music codes 8 times (see Figure 7).

S31 “I always tell my father that I will study computer and software engineering when I grow up.  I say that after I become an 

engineer, I will make and sell games. I thought that I got this opportunity my social studies class. I told my teacher that I could 

do it myself not to interfere with me. My teacher was surprised but appreciated me. Every aspect of digital game creation has 

impressed me. When I grow up, if I become a computer and software engineer, I will not forget that these activities made a first 

impression on me.”

FIGURE 8. Difficulties encountered in digital game steps developed to apply in history teaching

It is seen that students have difficulties in the process of creating videos, mostly with video and writing 

applications, in the process of creating digital games developed for learning history topics in social studies 

course. They had no difficulty in drawing shapes, sound, screen scrolling, opening the application. It is seen 

that they did it by dragging and helping the application in reading (see Figure 8).

4. DISCUSSION 
The first two questions of the research focused on the effect of digital games on the academic achievement 

of students in teaching of history subjects in social studies course. According to the results obtained in this 

context, the academic achievements of the groups before the experiment indicate similarities with each 

other. In the achievement test after the experiment, it was concluded that the scores between groups dif-

fered on behalf of experimental group. According to form Chen studies (Chen & Law, 2016; Kangas et al., 

2017; Makar et al., 2015; Van de Pol et al., 2010), it was found that digital games have a significant effect 

on student academic achievement and lessons form an important framework. In small group studies, it 

was determined that digital games increase students’ academic achievement (Makar et al., 2015). In addition 
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 students’ taking the leading role by creating digital games had a considerable effect on increasing the achieve-

ment of the course. Students can solve a given problem individually with digital games, recognize the diffi-

culties and offer suggestions. This situation increases the student’s achievement and interest in the lesson 

(Muhonen et al., 2016; Nousiainen et al., 2018). As a result, digital games create a process of creating a struc-

ture that supports students by interacting with students in the process and under the guidance of the teacher. 

When the structure of the course process takes on this dimension, it will be inevitable to increase the course 

achievement of the student (Nousiainen et al., 2018; Watson et al. 2011). Banihashem and others (2023) em-

phasize the importance of game-based learning (GBL) for educators to monitor the effectiveness of learning, 

identify gaps in learning during the game, and provide appropriate interventions to enhance learning quality. 

Additionally, GBL enables a better representation of the relationship between learning goals. Noroozi (2018) 

conducted a study that focused on how higher education students with various epistemic beliefs engage in 

discussions within a digital dialogue game and how their attitudes are influenced. The study observed that 

the digital dialogue game could guide students towards the desired mode of interaction and discussion, and 

it was noted to be a significant factor in the attitudinal changes related to their epistemic beliefs. Additionally, 

students’ epistemic beliefs influenced the style and frequency of a specific type of argumentative dialogue. 

Students with multiple perspectives participated in argumentative dialogue activities differently compared 

to evaluators. Dehghanzadeh et al. (2021) argues that digital gamification is a fun and enjoyable method 

to support learning English as a Second Language (LESL) and alleviate the gap between students’ learning 

and educational applications. Furthermore, through gamification, students engage with LESL while mapping 

their learning experiences and outcomes. While positive effects of gamification on learners’ learning expe-

riences and outcomes have been reported in these studies, none of the publications specify gamification 

elements associated with learning experiences and outcomes. Being enjoyable, engaging, motivating, and 

fun are the targeted learning outcomes of gamified LESL in terms of language acquisition, participation, mo-

tivation, and satisfaction. Noroozi (2017) investigated how undergraduate students engaged in discursive 

discourse activities designed to intensify discussion in a digital dialogue game. The research findings suggest 

that the digital dialogue game can facilitate discussion-based learning. From the students’ perspectives, the 

digital dialogue game was positively evaluated in terms of satisfaction and learning experiences.

The third and fourth questions of the research focused on the effect of digital games on students’ crea-

tive thinking skills in teaching of history subjects in social studies course. According to the results obtained 

in this context, it is similar to creative thinking skill test before the intergroup experiment. In the creative 

thinking test performed after the experiment, it was concluded that there was a difference in the scores 

between the groups on behalf of the experimental group. The fifth question of the research focused on the 

change of the student according to the teacher observation form before, during and after the activity of 

the digital games designed in teaching of history subjects in social studies course. According to the results 

obtained in this context students’ observation scores before, during and after the activity differ in the digital 

game design process. It was seen that students’ creative thinking skills and learning situations are different 

in the courses in which the digital games chosen by the teachers are applied. In terms of interpreting digital 

games in the context of pedagogical principles, it encourages students to develop skills such as creativity, 

collaboration and critical thinking (Tropper et al., 2015). Digital games take the student out of traditional 

classroom environment and bring them to the real world. This provides the opportunity to increase student 
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creativity and sense of research more. However, teachers need to know more and do more research on how 

to design digital games with creative components to enhance students’ creativity (Sun et al., 2021). 

The results for the six, seven and eight questions of the study were found by taking the opinions of exper-

imental group students. Questions directed to students focused on the effects of the design process of digital 

games on digital game principles, digital game genres and creative thinking activities. The ninth question 

of the research focused on the difficulties faced by students in designing digital games to be used in history 

teaching. Students will be able to learn the effects of digital games developed in teaching of history subjects in 

social studies course on the development of digital game principles, inspiration, attention, satisfaction, per-

sonification, gamification, relevance and confidence. Students learn the effects of digital games developed 

in teaching of history subjects in social studies course on the development of game genres; creative, imagi-

native, exploratory, social, object, deep and communicative play. Students learn the effect of digital games 

developed in teaching of history subjects in social studies course on the development of creative thinking 

activities, drawing, painting, creating, storytelling and music. At the stage of creating the digital games devel-

oped for learning history subjects in the social studies lesson, the students stated that they had difficulties 

in the process of creating videos with video and writing applications, they did not have difficulty in drawing 

shapes, sound, screen scrolling, opening the application, and they did it by dragging and helping in reading 

the application. The pedagogical principles of digital game-based learning applications encourage students 

for the basic elements of digital game such as fantasy, curiosity and challenge in the context of creativity, 

problem solving, and critical thinking (Tropper et al., 2015). In the context of creativity, if the components of 

digital games are combined with social studies subjects, the course becomes more interesting. Digital games 

designed based on the components of digital games in education strengthen students’ creative thinking, 

problem solving and interaction skills. However, more studies are needed to understand this situation better 

(Behnamnia et al., 2020; Grammenos & Antona, 2018; Meletiou-Mavrotheris & Prodromou, 2016). While de-

signing digital games, teachers must try to understand how the student’s creativity develops while using the 

game. For students to actively take part in the digital game process, they need to have technology and related 

skills. Digital games that encourage creativity must be designed within the framework of principles that will 

improve student creativity. Digital games designed for this purpose make learning easier and more effective 

by putting the classroom atmosphere into a different dimension (Barzilai & Blau, 2014; Gong, 2020). Digital 

games with creative components will help students to have fun, learn and interact. In addition to improving 

learning, it will improve the student’s ability to cooperate (Muhonen et al., 2016; Sun et al., 2021). 

The findings of the current research indicate that digital games must add some practical features to the 

games according to the purpose of education in order to encourage academic achievement and creativity. 

It must be noticed that higher quality digital games will be a key factor in improving students’ achievement 

and creativity. It is important that digital games make some changes at the secondary school level when 

applying them to the subjects in the curriculum. Considering that students take part more in the enter-

tainment and creative activities of the lessons taught with digital games, teachers must consider the level 

of difficulty in teaching the subject. In this case, the student can focus more on developing creativity and 

learning. More research is needed for educational digital game applications since digital games have been 

developed in all areas of life recently (Bakker et al., 2016; Drijvers et al., 2014; Rienties et al., 2012). 
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4.1. Limitations and Future research

This study revealed meaningful outcomes in terms of student academic achievement and creativity in the 

context of teaching history topics using digital-based games in social studies classes; however, assessing 

general dependency information in a single study is impossible. There are some limitations in this study 

that pave the way for future research. The limitations of our study are as follows: Firstly, all participants 

were from the same city and limited to one middle school, so they may have similar behavior attitudes. 

Secondly, other personal factors or environmental conditions, such as academic performance and creative 

thinking, may affect levels of dependency. For future studies, obtaining better information about the aca-

demic achievement and creativity levels of students with digital games with wider sampling groups and 

independent variables will be helpful.

5. CONCLUSIONS
The purpose of this research is to investigate the effect of digital games on student academic achievement 

and creative thinking in the teaching of history subjects in social studies course. The data of the research 

was collected using the mixed method model. The research suggests that digital game development pro-

cess in the social studies course, increase students’ academic achievement and encourage them to develop 

creative thinking. In addition, the relationship between digital game components and creativity was inves-

tigated. Digital games are discussed in the context of digital game principles in developing creativity. In the 

research, the role of teachers in this process was also mentioned for digital games to strengthen students’ 

academic achievement and creativity. Because teachers, who are at the center of education, have a key role 

in increasing students’ learning, creative thinking and motivation. In addition, the teacher empowers stu-

dents to face problems in the real world and helps them understand the problems and challenges of digital 

games. This research might have a significant impact on students being more creative in solving future life 

problems. In addition, it offers an important perspective to digital game designers and researchers working 

in this field. The research offers important suggestions on how to improve achievement and creative think-

ing, and how to motivate learning outcomes by taking support from digital games in the teaching of history 

subjects in social studies course.
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ABSTRACT

 The present study investigates the factors underlying the adoption of technology-based simulation games (SGs) by teach-
ers in the formal management education. The proposed framework is an integration of the widely used Technology Accept-
ance Model (TAM); two institutional factors namely, top management support and training; and one individual factor, i.e. 
self-efficacy. The proposed model was empirically tested using a sample of 311 teachers selected using convenience sam-
pling from the Indian management institutions. The primary data was gathered through surveys of teachers from business 
and management schools in India. Partial Least Squares Structural Equation Modeling (PLS-SEM) was used to test the pro-
posed model. This study has found that the three external variables, i.e. top management support, training opportunities 
and self-efficacy, have direct influence on the two constructs of TAM (i.e. perceived usefulness and perceived ease of use), 
and have indirect influence on adoption intention of simulation games. The findings of this study have relevance to the SG 
developers as well as the top authorities / management of business schools. The findings suggest that SG developers must 
concentrate on creating the solutions that fit well with the teachers’ current pedagogies. Moreover, the management of 
business schools provide adequate training and support to their teachers to promote the adoption of SGs. The study con-
tributes to the literature by putting forward the perceptions of management teachers within Indian contexts. By proposing 
an extended TAM model, the study has contributed to the knowledge of educational technology adoption in the context of 
technology-based simulations for teaching.
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1. INTRODUCTION
The higher education programs in management have often been criticized for their pedagogical issues such 

as, disconnect of curriculum from management practice, teacher-directed learning with limited student en-

gagement and knowledge sharing, and limited attention to developing affective, moral, critical thinking and 

problem-solving skills in students (Sierra, 2020). These issues can be addressed through incorporating stu-

dent-centric experiential learning models in instructional methods. “Games and simulations” are amongst 

those active learning methodologies that can be aligned with several goals of management education 

(Al-Azawi et al., 2016; Dichev and Dicheva, 2017; López et al., 2021; Roungas et al., 2021). Educational games 

and simulations can engage students in solving complex and dynamic management problems through ap-

plying job-relevant knowledge and skills (Lu et al., 2014; Sierra, 2020) and gaming elements positively affect 

their motivation and attitude (Galiç & Yıldız, 2023). 

Recent technological advances have led to the development of computer-based simulation games (SGs) 

that make use of innovative technologies such as artificial intelligence, virtual reality, and augmented real-

ity. SGs based on such technologies have increased levels of authenticity, flexibility, immediacy, realism, 

and engagement (Krath et al., 2021; McGarr, 2020). These SGs provide an artificial reproduction of a reality 

where learners use their knowledge and skills to solve a problem in the virtual world (Pasin & Giroux, 2011). 

SG based learning can not only address the cognitive and affective learning issues but can also facilitate 

interactivity and collaboration (Jean Justice & Ritzhaupt, 2015; Lu et al., 2014). Because of the numerous 

benefits of SGs, management and business schools have been looking for such solutions to create a new 

RESUMEN
El presente estudio investiga los factores que subyacen a la adopción de juegos de simulación (SG) basados en tecnología 
por parte de profesores en la educación formal en gestión. El marco propuesto es una integración ampliada del Modelo 
de Aceptación de Tecnología (TAM); dos factores institucionales, a saber, el apoyo y la formación de la alta dirección; y un 
factor individual, es decir, la autoeficacia. El modelo propuesto se probó empíricamente utilizando una muestra de 311 
docentes seleccionados mediante muestreo por conveniencia de las instituciones de gestión de la India. Los datos prima-
rios se recopilaron a través de encuestas a profesores de escuelas de negocios y administración de la India. Se utilizó el 
modelo de ecuaciones estructurales de mínimos cuadrados parciales (PLS-SEM) para probar el modelo propuesto. Este 
estudio ha encontrado que las tres variables externas, es decir, el apoyo de la alta dirección, las oportunidades de capa-
citación y la autoeficacia, tienen influencia directa en los dos constructos de TAM (es decir, utilidad percibida y facilidad 
de uso percibida), y tienen influencia indirecta en la intención de adopción de juegos de simulacion. Los hallazgos de 
este estudio son relevantes para los desarrolladores de SG, así como para las principales autoridades y direcciones de las 
escuelas de negocios. Los hallazgos sugieren que los desarrolladores de SG deben concentrarse en crear soluciones que 
se ajusten bien a las pedagogías actuales de los docentes. Además, la dirección de las escuelas de negocios proporciona 
formación y apoyo adecuados a sus profesores para promover la adopción de SG. El estudio contribuye a la literatura al 
presentar las percepciones de los profesores de gestión en contextos indios. Al proponer un modelo TAM extendido, el 
estudio ha contribuido al conocimiento de la adopción de tecnología educativa en el contexto de simulaciones basadas 
en tecnología para la enseñanza.

PALABRAS CLAVE  Tecnología; juegos de simulación; TAM; educación gerencial; pedagogía de la enseñanza.
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learning environment that better corresponds with the habits and interests of their students (Koutska, 2023). 

However, previous research has found that adoption of SGs in formal educational programs has been slow, 

as it requires expensive resources, advanced facilities, and trained teachers / faculty members (Kim & Watson 

2017). The adoption of such educational technologies is especially challenging in Asian countries, which lack 

educational technology infrastructure and human capacity to implement modern educational strategies 

(Dede, 2018). Though studies in the past have tried to identify the barriers in the acceptance of SGs (Siala 

et al., 2020; Watson & Yang, 2016), however there is a dearth of empirical studies taking a broad enough 

approach to identify the influencing factors of adopting technology-based SGs in management education 

within the context of Asian countries (Jean Justice & Ritzhaupt, 2015). Moreover, even though teachers are 

primary agents in introducing innovative educational methods, previous research has neglected the role of 

teachers in integrating SGs with education (Jong & Shang, 2015). 

Hence, the present study proposes a model of factors that influence the adoption of technology-based 

SGs by management teachers in India. The proposed framework is an integration of the widely used Tech-

nology Acceptance Model (TAM; Davis, 1989); two institutional factors namely, top management support and 

training; and one individual factor, i.e. self-efficacy. The study makes two worthwhile contributions to the lit-

erature. First, it addresses the barriers to the adoption of SGs in Indian management institutions, which is an 

under researched area. Second, by integrating the TAM with individual and institutional characteristics, the 

study addresses the calls by previous researches to extend TAM in educational contexts (Mailizar et al., 2021). 

The paper is organized as follows: The theoretical background of the study is discussed in section 2 and, 

the conceptual framework of the study along with hypotheses development are discussed in section 3. The 

research design and data collection procedure are discussed in section 4. Section 5 presents the data anal-

ysis and results. Further, results have been discussed in section 6 followed by conclusion and limitations of 

the study in section 7. 

1.1. Theoretical background

1.1.1. Conceptualizing SGs

Simulation is an educational tool that reproduces the real-life situations of an event. Educational simula-

tions can be broadly classified into two categories: non-computer-based and computer-based (López, et al., 

2021). Non-computer-based simulations involve manual exercises, games and physical interactions among 

the students that are constrained by a fixed set of rules and procedures. On the other hand, computer-based 

simulations make use of computers and technology to replicate system characteristics (Hinck & Ahmed, 

2015). For example, training simulations (such as flight simulators) are used to imitate real-world processes 

to improve performance of the user in accomplishing a certain task, whereas modeling simulations (such as 

weather simulations or car modeling) are used to model processes or objects to test and/or create a model 

(De Smale et al., 2016). Simulation games are goal-oriented imitation of real-world processes that may be 

played against a computer model (single-user application), or against other users through a computer appli-

cation (multi-user application) (Hinck & Ahmed, 2015). They allow learners to learn in a more enjoyable and 

interactive way by using technology-based resources in a scenario-based environment (López, et al., 2021). 
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SGs in management education

The SGs used in management education create a dynamic team learning environment integrating three 

components: (1) a computer-coded business simulator; (2) a team of students (participants) who compete 

through interaction and decision-making; and (3) an administrator (teacher) who directs and observes the 

students’ behavior (Hinck & Ahmed, 2015). The students in a SG play in a virtual environment, wherein they 

employ budgeted resources (such as money, time, personnel) to achieve specific goals related to sales, pro-

ductivity, or market share (Lu et al., 2014). Research into SGs suggest that they provide a valid representa-

tion of real-world issues to the learners, integrating a wide range of management concepts and tools (Hinck 

& Ahmed, 2015). The students can acquire necessary management skills through SGs, such as strategy for-

mulation, problem solving, communication skills, team work, and analysis of multiple variables (López, et 

al., 2021). Most authors agree that SGs help in improving learning outcomes (Ahmed & Sutton, 2017).

1.1.2. Teachers’ perceptions on adopting SGs 

Jean Justice and Ritzhaupt (2015) developed an instrument to measure teacher perceived barriers to 

adopting SGs in education. They categorized the barriers into seven categories namely, negative student 

outcomes; technology issues; SG specific issues; issues related to teachers; incorporation issues; limited 

student abilities; and issues related to justifying the use of SGs in education. Vos and Brennan (2010) have 

studied the perceptions of marketing management teachers regarding the barriers to using SGs. The au-

thors conclude that financial cost, administrative work-load concerns, and necessary skills for using SGs, are 

the major barriers to adopting SGs. The teachers face difficulties in obtaining permissions form institutional 

authorities to make investment in expensive SGs (Vos & Brennan, 2010). They also require time to learn a 

SG prior to using it as a pedagogical tool in classrooms (Vos and Brennan, 2010). Administrative support in 

terms of time and training have been cited by several researchers as a barrier to the adoption of SGs in edu-

cation (Watson & Yang, 2016). According to Dimitriadou et al. (2021), lack of time, lack of resources and lack 

of administrative support are major obstacles to the adoption of SGs in education. 

To sum up, most of the existing studies have emphasized on the barriers to adopt SGs in education. 

There is a dearth of empirical studies that can identify the factors that determine teachers’ adoption of SGs. 

The present study attempts to fill this gap by taking a broad approach to identify the predictors of teachers’ 

intention to adopt SGs in management education. We propose a framework based on widely used TAM (Da-

vis, 1989). Because of its straightforwardness and good explanatory power, TAM has been a dominant model 

for investigating users’ technology acceptance behavior in different organizational contexts (Rahman et al., 

2017). TAM has been largely used in the education sector to understand the teacher’s intention to adopt 

new educational technologies (Pando-Garcia et al. 2016; Sharma & Srivastava; 2019; Saroia & Gao, 2019; 

Wu & Chen, 2017). Nevertheless, researchers have found certain limitations in TAM because of its restricted 

constructs. TAM has been critiqued for its inability to include the determinants of its two major constructs 

i.e. perceived usefulness and perceived ease of use variables (Malatji et al., 2020). It is therefore advised to 

extend TAM with other external factors depending on the context of the study (Ajibade, 2018). Hence, we 

propose an integrated model that extends TAM with two institutional characteristics (namely, top manage-

ment support and training opportunities), and one individual characteristic (namely, self-efficacy), to study 

the management teachers’ intention to adopt SGs.
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1.2. Conceptual framework

The proposed framework is depicted in Fig. 1. Based on the proposed research model, nine hypotheses 

have been developed as discussed below. 

FIGURE 1. Proposed framework

1.2.1.  Hypotheses related to TAM variables

The TAM (Davis, 1989) includes four constructs namely, behavioural intention (BI) to adopt a technology, at-

titude (ATT) towards technology usage, perceived usefulness (PU) and perceived ease of use (PEoU). In this 

study, BI is defined as the degree to which teachers are inclined to adopt SGs in management education. ATT 

is defined as the degree that measures teachers’ interests in using SGs. PU is defined as the degree to which 

teachers believe that using SGs will enhance their teaching performance. PEoU refers to the degree to which 

teachers expect that using SGs is free of effort.

The following relationships between the TAM constructs have been included in the original TAM (Da-

vis, 1989): PU is positively influenced by PEOU; ATT is positively influenced by both PU and PEOU; and BI 

is positively influenced by ATT as well as PU. These relationships have been tested in previous studies for 

explaining the adoption of technologies in different educational contexts, such as virtual reality (Sagnier et 

al., 2020) Cloud based virtual reality (Sayginer, 2023), mobile learning management systems (Saroia & Gao, 

2019), virtual reality simulation (Fagan et al., 2012), and Massive Open Online Courses (Wu & Chen, 2017). 

Rafique et al. (2023) found that PEoU is a very strong determinant of teachers’ intention to use e-learn-

ing technology. Pando-Prior studies have confirmed that confirmed that PEoU and PU strongly determine 

the attitude to use business simulation games (Pando-Garcia et al., 2016) and micro-games (Wijaya et al., 

2022a), which in turn determines the intention to use the same. Thus, we propose the following hypotheses.

H1: PEoU has a significant positive influence on PU of SGs 

H2: PEoU has a significant positive influence on ATT towards using SGs

H3: PU has a significant positive influence on ATT towards using SGs
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H4: PU has a significant positive influence on BI to adopt SGs

H5: ATT has a significant positive influence on BI to adopt SGs

1 .2.2. Hypotheses related to external variables

Top management support 

According to Hsu et al. (2019), top management support (TMS) refers to the beliefs of top authorities re-

garding the usefulness of a technology or innovation, in creating value for their organization. It ensures a 

long-term vision, commitment of resources required for using the innovation, as well as an organization 

climate that is supportive of using the innovation (Gupta & Bhaskar, 2023). Within the educational contexts, 

Saroia and Gao (2019) argued for positive influence of TMS on PU and PEoU of mobile learning management 

systems. Iqbal and Bhatti (2017) also highlighted the importance of TMS for innovative learning initiatives. 

The authors also concluded that TMS has significant positive impacts on students’ perceptions of PEOU 

and PU of innovative educational technologies. Thus, the present study hypothesizes that TMS (in terms of 

availability of resources, time and technical assistance) will positively influence the teachers’ perceptions 

regarding PEoU and PU of SGs. Hence, the following hypotheses are proposed:

H6: TMS has a significant positive influence on PU of SGs

H7: TMS has a significant positive influence on PEoU of SGs

Training opportunities

Training refers to the degree to which an organization trains its employees for using a tool/ technology/ 

innovation. Training is helpful in reducing employees’ stress and ambiguity about the use of a technolo-

gy (Gangwar et al., 2015). Since teachers may find difficulties in incorporating SGs in their teaching peda-

gogy, the institutions should provide opportunities to train and educate them regarding the usage of SGs 

(Sánchez-Mena & Martí-Parreño, 2017). Training provides a better understanding about the benefits of SGs 

and reduces teachers’ anxiety about the use of SGs (Vlachopoulos & Makri, 2017). Gangwar and Date (2015) 

confirmed that training positively influences the PEoU and PU of a technology. For the present study, we hy-

pothesize that training opportunities (TO) will help teachers develop knowledge about SGs as well as make 

effective use of SGs. Thus, the following hypotheses are postulated:

H8: TO has a significant positive influence on PU of SGs

H9: TO has a significant positive influence on PEoU of SGs

Self-efficacy

Self-efficacy (SE) is a measurement of an individual’s capability to perform a task (Zhi et al., 2023). For the 

present study, self-efficacy is considered to include a teacher’s general skills and capabilities that are re-

quired to accomplish the tasks related to SGs. Recent research indicates that computer self-efficacy signifi-

cantly determines PEoU of a technology (Ali & Warraich, 2023). Within the educational contexts, self-efficacy 

has been found to indirectly affect teachers’ intentions via PEoU (Joo et al., 2018). Eraslan Yalcin and Kutlu 

https://bera-journals.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kutlu%2C+Birgul
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(2019) found a significant impact of computer self-efficacy on PEoU. Sharma and Saini (2022) found that 

teachers with high self-efficacy feel less anxious about using educational technologies in classrooms. Also, 

Guillén-Gámez et.al., (2021) noted that age and gender also affect the digital competence of the educa�-

tors. Since, teachers require basic technical and quantitative skills for using SGs, hence we hypothesize that 

teachers with high SE will find SGs easy to use. Thus, we propose the following hypothesis:

H10: SE has a significant positive influence on PEoU of SGs

2. MATERIAL AND METHOD

2.1. Design and Sample

The present study employed an analytical cross-sectional research design, wherein the primary data was 

collected through a survey that was carried out during January-February 2023. The cross-sectional research 

designs are useful for exploring the relationships between various variables (Kesmodel, 2018). Teachers 

from business schools or management/business studies departments of universities in India, who have 

used SGs at least once in their classes, were the target respondents of the study. As per the National In-

stitutional Ranking Framework (NIRF) of India, there are 75 business/management schools/institutions in 

various states of India (National Institutional Ranking Framework, 2021). These 75 institutions served as the 

target population for the current study. A non-random sampling technique i.e. convenience sampling was 

used to select the target respondents from these 75 institutions. A total of 500 teachers were contacted us-

ing convenience sampling to fill in the paper-based/online questionnaires, out of which 341 questionnaires 

were returned. After removing the unviable responses, a total of 311 usable questionnaires were. Table 1 

illustrates the respondents’ characteristics for both the samples as well as the combined sample.

TABLE 1. Sample Profile

RESPONDENT’S 
CHARACTERISTIC

CATEGORIES
Combined Sample 

(n=311)

n %

Gender
Male 154 49.5%

Female 157 50.5%

Teaching experience

<= 10 years 140 45.0%

11 years - 20 years 98 31.5%

>= 20 years 73 23.5%

Academic department

Finance and Accounting 72 23.2%

Marketing Management 95 30.5%

Human Resource Management 39 12.5%

Operations Management 15 4.8%

Analytics 14 4.5%

General Management 76 24.4%

Type of Institution
Government 121 38.9%

Private 190 61.1%

http://et.al
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2.2. Survey instrument

A structured questionnaire was used as the survey instrument. The questionnaire consisted of two parts. 

The first part included questions on respondents’ demographic characteristics such as gender, years of 

teaching experience, academic department, and type of institution. The second part included 22 items to 

measure the seven research constructs used in this study. To ensure construct validity, the items used in the 

questionnaire were adapted from previous studies (Cheon et al., 2012; Pando-Garcia et al., 2016; Rajan & 

Baral, 2015; Sagnier et al., 2020). To fit the context of SGs, some minor word changes were made in the scale 

items. The questionnaire was pre-tested with 10 academics to ensure the face validity of items. The ques-

tions in the first part of the questionnaire were categorical (nominal), whereas the items in the second part 

were measured using a 7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree).

2.3. Data analysis technique

We used the partial least squares structural equation modelling (PLS-SEM) to test the proposed model. PLS-

SEM is a non-parametric technique, which is robust in the cases concerning distribution issues such as lack 

of normality (Hair et al., 2019). Moreover, it can also be used with small samples (Hair et al., 2019; Staples 

& Seddon, 2004). Hence, PLS-SEM is an appropriate technique for the present study. As recommended by 

Cohen (1992) and Hair et al. (2019), the sample size to perform PLS-SEM depends on the number of causal 

paths pointing towards an endogenous construct in the structural model. In this study, the maximum num-

ber of such paths is 3 (see Fig. 1), which requires a sample size of 59 to ensure a statistical power of 80% 

(Cohen, 1992; Hair et al., 2019). Our study sample met this criterion with a sample size of 311. The Smart-

PLS 4 software was used to perform PLS-SEM. The PLS-SEM was applied using a two-step approach that 

included the evaluation of measurement model followed by the estimation of structural model (Sarstedt & 

Cheah, 2019). The reliability and validity of the model constructs were established by evaluating the meas-

urement model, and hypothesized relationships between the constructs were tested using the structural 

model (Guillén-Gámez et al., 2024; Liu et al., 2022; Wijaya et al., 2022b).

3. RESULTS

3.1. Descriptive statistics

Table 2 indicates the mean, standard deviation, skewness and kurtosis values of all the items. As can be 

observed from the table, the mean score for all the items was greater than 3 which indicates that the re-

spondents provided positive responses for all the items. Further, the skewness and kurtosis values of all 

the items were within the threshold limits of 3 and 10 respectively (Moorthy et al., 2019), indicating univar-

iate normality.
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TABLE 2. Descriptive Statistics

CONSTRUCT ITEM MEAN STANDARD DEVIATION SKEWNESS KURTOSIS

TMS

TMS1 3.66 0.959 -0.479 0.027

TMS2 3.67 0.909 -0.332 -0.132

TMS3 3.64 0.929 -0.440 0.195

TO

TO1 3.58 0.993 -0.530 0.111

TO2 3.65 0.987 -0.442 -0.166

TO3 3.57 0.996 -0.363 -0.323

SE

SE1 3.62 0.962 -0.418 -0.218

SE2 3.67 0.992 -0.312 -0.419

SE3 3.65 0.949 -0.289 -0.209

PEoU

PEoU1 3.86 0.948 -0.554 -0.203

PEoU2 3.83 1.003 -0.630 -0.075

PEoU3 3.86 0.969 -0.651 -0.161

PU

PU1 3.92 0.905 -0.815 0.682

PU2 3.86 0.906 -0.507 -0.051

PU3 3.92 0.888 -0.830 0.843

PU4 3.93 0.915 -0.683 0.262

ATT

ATT1 3.90 0.968 -0.887 0.626

ATT2 3.79 0.991 -0.709 0.072

ATT3 3.78 0.987 -0.630 0.008

BI

BI1 3.79 0.913 -0.702 0.586

BI2 3.73 0.938 -0.569 0.211

BI3 3.76 0.968 -0.555 0.099

3.3. Measurement model

The reflective measurement model was examined to establish the reliability and validity of the latent 

constructs. Table 3 depicts the analysis of the measurement model for the combined sample. The item 

reliability was evaluated by examining the indicator loadings. Since all the indicator loadings (see Table 

3) were greater than the recommended value of 0.708 (Hair et al., 2019), hence the item reliability was 

ensured. To assess the construct reliability, we examined the internal consistency reliability on the basis 

of composite reliability (CR) and Cronbach’s alpha. The values of CR and Cronbach’s alpha (see Table 2) for 

all the latent constructs fall in the acceptable range of 0.70 – 0.90, indicating that the constructs were reli-

able. Some researchers argue that βA is a more appropriate measure of construct reliability as compared 

to CR and Cronbach’s alpha (Dijkstra & Henseler, 2015). An examination of the values of ρA (see Table 3) 

also confirmed the reliability of the constructs as the values lied between the lower bounds of Cronbach’s 

alpha and upper bounds of CR (Hair et al., 2019). The convergent validity was assessed through the metric 

average variance extracted (AVE). The AVE value of each construct was higher than the recommend value 

of 0.50 (Hair et al., 2019), indicating that each construct explained more than 50 per cent of the variance of 

its corresponding items.
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TABLE 3. Reliability and Validity

CONSTRUCT ITEM LOADING T-STATISTIC CRONBACH’S ALPHA ΡA CR AVE

TMS

TMS1 0.89 56.82***

0.853 0.853 0.911 0.773TMS2 0.86 36.48***

TMS3 0.88 45.60***

TO

TO1 0.85 38.77***

0.835 0.835 0.901 0.753TO2 0.86 34.40***

TO3 0.89 48.57***

SE

SE1 0.88 53.68***

0.812 0.821 0.889 0.727SE2 0.82 27.50***

SE3 0.86 40.47***

PEoU

PEoU1 0.89 72.17***

0.810 0.816 0.888 0.725PEoU2 0.87 46.45***

PEoU3 0.79 23.75***

PU

PU1 0.83 33.17***

0.868 0.868 0.91 0.716
PU2 0.85 36.28***

PU3 0.86 44.77***

PU4 0.84 43.84***

ATT

ATT1 0.88 55.32***

0.833 0.834 0.9 0.75ATT2 0.85 38.25***

ATT3 0.87 40.39***

BI

BI1 0.85 35.90***

0.805 0.805 0.885 0.719BI2 0.83 32.89***

BI3 0.86 47.85***

To ensure that each construct was empirically distinct from the other constructs in the model, we as-

sessed the discriminant validity. Following the criteria of Fornell and Larcker (1981), we compared each 

construct’s AVE to its squared inter-construct correlations with all other constructs in the model. Table 4 

illustrates the inter-construct correlations (off-diagonal elements) and the squared roots of AVEs (diagonal 

elements). The shared variance (inter-construct correlations) for all constructs were found to be lesser than 

the squared roots of their AVEs (see Table 4). Hence discriminant validity was ensured. We also examined the 

heterotrait-monotrait (HTMT) ratio of the correlations (Voorhees et al., 2016) to further ensure the discrimi-

nant validity. As the HMTT values (see Table 4) were lower than the suggested threshold of 0.90 (Henseler et 

al., 2016), discriminant validity problems were not present. 
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TABLE 4. Discriminant Validity

FORNELL AND LARCKER (1981) CRITERION

ATT BI PEoU PU SE TMS TO

ATT 0.866

BI 0.749 0.848

PEoU 0.682 0.707 0.852

PU 0.716 0.782 0.733 0.846

SE 0.474 0.636 0.543 0.552 0.853

TMS 0.487 0.571 0.498 0.524 0.541 0.879

TO 0.552 0.662 0.562 0.62 0.554 0.529 0.867

HTMT RATIOS

ATT BI PEOU PU SE TMS TO

ATT

BI 0.815

PEOU 0.828 0.842

PU 0.840 0.834 0.832

SE 0.574 0.785 0.666 0.654

TMS 0.577 0.687 0.600 0.608 0.650

TO 0.660 0.807 0.682 0.726 0.670 0.626

3.4. Structural Model 

Following the recommendations of Henseler et al. (2016), we assessed the structural model through five 

steps including - multicollinearity analysis; path analysis; coefficient of determination (R2); effect sizes(f2); 

and predictive power. Each of these steps are discussed below.

1.	 Collinearity: The collinearity was examined through variance inflation factor (VIF) values, to ensure 

the unbiasedness of the regression results (Kock, 2015). The VIF values (see Table 4) of the predictor 

constructs were lower than 3, indicating the absence of collinearity issues (Hair et al., 2019).

2.	 Path analysis: The significance levels for the paths in the structural model were estimated through 

bootstrapping with 2000 resamples. Table 5 provides the path coefficients (β) for the samples. The path 

coefficients for the overall sample provide support for all the hypotheses. Specifically, the analysis 

can be summarized as follows: PEoU has a statistically significant positive influence on PU (β=0.526, 

p<0.001) thus confirming hypothesis H1. Both PEoU (β=0.341, p<0.01) and PU (β=0.465, p<0.001) carry 

significant influence on ATT thus supporting hypotheses H2 and H3. The results also show that PU is 

more important construct than PEoU in explaining ATT. The results further indicate that PU (β=0.504, 

p<0.001) and (β=0.389, p<0.001) ATT significantly influence BI, with PU having stronger influence. 

Hence H4 and H5 are also supported. With regards to the institutional characteristics, TMS is found to 

have significant positive influence on both PU (β0.127, p<0.05) and PEoU (β=0.185, p<0.05). Similarly, 

TO is found to have significant positive influence on both PU (β=0.257, p<0.001) and PEoU (β=0.317, 

p<0.001). Hence the hypotheses H6 – H9 are supported. The results also indicate that both TMS and 
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TO are able to explain PEoU more than PU. Finally, the influence of the individual characteristic i.e. SE 

on PEoU (β=0.267, p<0.001) is also found to be significant.

We also examined the significance of indirect paths in the model. Table 5 illustrates the indirect path 

coefficients along with their significance. The results provide support for the significance of all the 

indirect paths. Specifically, PEoU (β=0.494, p<0.001) is found to be the strongest indirect influencer 

of BI, that is followed by TO (β=0.331, p<0.001), TMS (β=0.179, p<0.001) and SE (β=0.133, p<0.001). 

This indicates that BI is not only directly determined by ATT and PU, but also influenced indirectly by 

TO, TMS and SE. TO (β=0.304, p<0.001) is found to be the strongest indirect influencer of ATT, that is 

followed by TMS (β=0.169, p<0.001) and SE (β=0.156, p<0.001). SE (β=0.142, p<0.001) is found to be 

the strongest indirect influencer of PU, that is followed by TO (β=0.164, p<0.001) and TMS (β=0.098, 

p<0.01). The significant results of the indirect effects indicate that the institutional characteristics (i.e., 

TMS and TO) and individual characteristic (i.e. SE) are indirect determinants of ATT as well as BI. This 

provides support for the extension of TAM with the individual and institutional characteristics.

TABLE 5. Path Coefficients

HYPOTHESIS PATH β t-statistic VIF RESULT f2

H1 PEoU → PU 0.526 10.705*** 1.592 Supported 1.39

H2 PEoU → ATT 0.341 3.468** 2.164 Supported 0.39

H3 PU → ATT 0.465 6.233*** 2.164 Supported 1.56

H4 PU → BI 0.504 6.878*** 2.049 Supported 1.27

H5 ATTU → BI 0.389 5.148*** 2.049 Supported 0.16

H6 TMSU → PU 0.127 2.531* 1.511 Supported 0.10

H7 TMSU → PEoU 0.185 3.131* 1.584 Supported 0.03

H8 TOU → PU 0.257 5.102*** 1.662 Supported 0.02

H9 TOU → PEoU 0.317 4.617*** 1.615 Supported 0.01

H10 SEU → PEoU 0.267 4.22*** 1.646 Supported 0.10

Note: *p<0.05; **p<0.01; ***p<0.001

TABLE 6. Indirect effects

PATH β t-statistic

PEoU → BI 0.494 11.201***

SE → ATT 0.156 4.028***

SE → BI 0.133 3.879***

SE → PU 0.142 3.605***

TMS → ATT 0.169 3.600***

TMS → BI 0.179 3.651***

TO → ATT 0.304 5.688***

TO → BI 0.331 6.028***
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3.	 Coefficient of determination (R2): This coefficient indicates the variance explained by the predictor 

variables (exogeneous variables) in an endogenous variable. R2 values at the threshold of 0.25, 0.50 

and 0.75 indicate weak, moderate, and substantial levels (Hair et al., 2019). Our model (see Fig. 2) 

explained moderate to substantial variance in the endogenous constructs: PEoU (R2=41.5%), PU 

(R2=61.1%), ATT (R2=56.6%) and BI (R2=68.5%).

4.	 Effect size (f2): To assess the strength of the hypothesized relationships, the effect sizes (f2) were 

calculated. According to Cohen (2013), f2 ≥ 0.02, f2 ≥ 0.15, and f2 ≥ 0.35 represent small, medium, and 

large effect sizes. Table 4 indicates the effect sizes for each relationship.

5.	 Predictive power: The model’s predictive accuracy was also assessed by Stone-Geisser criterion Q2 

criteria (Geisser, 1975). According to Hair et al. (2019), Q2 values above zero indicate that the model 

has predictive relevance. According to Guillén-Gámez et al. (2024), the Q2 values of 0.02, 0.15, and 0.35 

are indicative of small, medium and large predictive powers. Our results revealed that the predictive 

relevance was medium to large for all the endogenous constructs: PEoU (Q2=28.8%), PU (Q2=42.7%), 

AT (Q2=41.3%) and BI (Q2=48.2%). 

FIGURE 2. Structural model with R2 values

4. DISCUSSION 
This research analyzed teachers’ intention to adopt technology-based simulation games in management 

education, based on the data collected from India. The study proposed a modified model of factors by ex-

tending the TAM with two institutional factors (i.e. top management support and training) and one individ-

ual factor (i.e. self-efficacy). Our study has found support for all the proposed hypotheses. 
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4.1. Perceived usefulness and attitude positively influence teachers’ intention to adopt 
simulation games

Specifically, the findings of our study argue for strong roles of perceived usefulness and attitude in deter-

mining teachers’ intention to adopt simulation games. The findings are consistent with Zulfikar et.al (2021) 

and Pongpanich et al. (2009) who found usefulness to be the primary reason of using simulation games in 

classrooms. One of the reasons for not using simulation games is their lack of usefulness or poor fit with 

the courses being taught (Jääskä & Aaltonen, 2022). Management teachers generally have concerns about 

the ability of simulation games to facilitate the teaching process (Vos & Brennan, 2010). The teachers use 

a simulation game while teaching a course, when they feel that it will help them achieve the learning out-

comes. The perception that simulation games can enhance their teaching effectiveness, develops a positive 

attitude in them, and hence they become more inclined towards adopting them.

4.2. Perceived ease of use and perceived usefulness influence teachers’ attitude and 
their intention to adopt simulation games

The findings also argue for a significant impact of perceived ease of use on perceived usefulness as well as 

teachers’ attitude. The same results were derived in the original TAM studies (Davis, 1989; Venkatesh & Davis, 

1996). The findings are also in line with Fagan et al. (2012) who found that perceived ease of use significantly 

predicts the perceived usefulness of virtual reality simulation. The findings also indicate that perceived ease 

of use is a strong indirect predictor of teachers’ intention to adopt simulation games. This finding is in line 

with that of Vos and Brennan (2010) who found that lack of necessary skills among marketing lecturers is 

a key barrier to adopt simulation games. Management teachers are generally not very tech-savvy because 

of which they may find difficulty in using technology-based simulation games. In a survey carried out by 

Jääskä and Aaltonen (2021), it was found that majority of the teachers stopped using business simulation 

games because of the requirement of long preparation time. Hence, the management teachers are more 

likely to adopt simulation games if they feel that they can easily become skillful at using them. 

4.3. Training opportunities positively influence perceived ease of use and perceived 
usefulness of simulation games

With regards to the external variables, training has been found to be a strong determinant of perceived 

usefulness as well as perceived ease of use. It is also being observed as an indirect determinant of teachers’ 

attitude and their intention to adopt simulation games. This implies that if teachers get enough training on 

the simulation games, they will understand their educational benefits and hence will be more likely to adopt 

them. Training can also help them in becoming skillful at using simulation games. Vos and Brennan (2010) 

opined that management teachers find searching for and evaluating relevant simulation games to be a cum-

bersome and time-consuming process. Lack of information on simulation games acts as a significant barrier 

for the teachers in business schools to adopt them as teaching tools (Beuk 2016; Lester et.al 2023). Proper 

training can familiarize teachers with the simulation games and their learning benefits. Hence training can 

develop a positive attitude towards simulation games which can in turn motivate teachers to adopt them.

http://et.al
http://et.al
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4.4. Top management support positively influences perceived ease of use and perceived 
usefulness of simulation games

Top management support has also been found to be a direct determinant of perceived usefulness and per-

ceived ease of use, as well as an indirect predictor teachers’ attitude and their intention to adopt simulation 

games. This implies that top management of educational institutions plays an effective role in convincing 

and motivating their teachers to adopt innovative technology-based teaching pedagogies. The findings are 

in line with the previous research (Beuk 2016; Dale et.al, 2021) that have highlighted the lack of institutional 

support (in terms of resources and time) as one of the key barriers in adopting simulation games in busi-

ness schools. Teachers in higher educational institutions are generally under pressure to meet the growing 

expectations of research, because of which they find it difficult to take out time for learning new teaching 

techniques (Lester et al., 2021; Jääskä & Aaltonen, 2022). Top management’s commitment and continuous 

support (such as providing necessary infrastructure, monetary support, administrative support and time) 

helps in developing conducive environment for adoption of simulation games. 

4.5. Self-efficacy positively influences perceived ease of use 

The findings further indicate significant direct influence of teachers’ self-efficacy on perceived ease of use. 

Teachers’ who are well versed with digital skills find simulation games easy to use. Their technical capabili-

ties make them confident in integrating technology-based simulation games with their traditional teaching 

methods. The findings also suggest significant indirect effects of teachers’ self-efficacy on perceived useful-

ness, attitude and intention to adopt simulation games. However, the indirect effects are relatively weak as 

compared to other variables viz. top management support and training opportunities. The findings are in 

line with those of Pongpanich et al. (2009) and Faria and Wellington (2004) that indicate technical issues as 

a less important reason for not using simulation games in business schools. 

5. CONCLUSIONS
Because of their numerous learning benefits, simulation games are widely used in business and manage-

ment programmes. With the advent of new technologies such as artificial intelligence, virtual reality, aug-

mented reality and hybrid reality, technology-based simulation games are gaining popularity because of 

their flexibility, realism, and engagement. This study’s main purpose was to investigate the factors affecting 

adoption of technology-based simulation games by teachers in business schools. In order to explore the in-

fluencing factors, the study extended the widely used TAM framework with two institutional factors namely, 

top management support and training; and one individual factor, i.e. self-efficacy. The findings indicated 

that teachers’ behavioural intention to adopt simulation games was determined by the perceived useful-

ness of simulation games and their attitude towards the simulation games. The findings further indicated 

that teachers’ attitude was determined by the perceived ease of use and perceived usefulness of simulation 

games. It was also found that the top management support and training opportunities provided by the 

educational institutions significantly influenced the teachers’ perceptions of usefulness and ease of using 

simulation games. Moreover, teachers’ self-efficacy was also found to be a significant determinant of their 

perceptions of the ease of using simulation games.

http://et.al
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Premised in India, the study contributed to the literature by putting forward the perceptions of man-

agement teachers within Indian contexts. Given the challenges of India pertaining to the infrastructural 

resources, the present study tried to highlight the key concerned areas of the adoption of business simu-

lation games in management education. The study contributed to the better understanding of viewpoints 

of teachers, who play pivotal role in introducing innovative technology-based teaching techniques in class-

rooms. By proposing an extended TAM model, the study contributed to the knowledge of educational tech-

nology adoption regarding technology-based simulations for teaching.

5.1. Limitations and future lines of research

This study has limitations with regards to the usage of limited set of variables in the proposed model. Fu-

ture research may consider including other factors such as compatibility issues, personal innovativeness of 

teachers, and other environmental factors viz. social influence and subjective norms. Another direction for 

further research could be to investigate the perceptions of top management of business schools regarding 

the integration of technology-based simulation games in teaching and learning processes. A qualitative re-

search using in-depth interviews of top management / decision makers can be conducted to understand 

the challenges and driving forces of adopting simulation games based on innovative technologies in formal 

management education. 
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Impact of Digital Game-Based Learning on 
STEM education in Primary Schools: 
A meta-analysis of learning approaches
Impacto del Aprendizaje Basado en Juegos Digitales 
en la educación STEM en las escuelas primarias: 
Un meta-análisis de enfoques de aprendizaje

ABSTRACT
Enhancing learning outcomes in Science, Technology, Engineering, and Mathematics (STEM) subjects for primary school 
students remains a challenge. This meta-analysis, guided by the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA), explores Digital Game-Based Learning (DGBL) interventions as a potential solution. Eighteen em-
pirical studies published from 2010 to 2020 were analyzed to identify effective DGBL approaches. Key factors examined 
include subject disciplines, control treatment, game type, platforms, and intervention duration. Findings reveal significant 
positive effects of DGBL interventions on learning outcomes, particularly in mathematics, language, and science. The study 
underscores the importance of optimizing gameplay design and platform choices for DGBL effectiveness and highlights 
the potential benefits of incorporating DGBL into primary STEM education. Future research should further investigate con-
tributing factors like game genres, technologies, implementation strategies, and specific game components to promote 
optimal learning processes in diverse educational settings.

KEYWORDS Digital Game-Based Learning; gamification; learning achievement; meta-analysis; primary education; STEM 
education.

RESUMEN
Mejorar los resultados de aprendizaje en las materias de Ciencias, Tecnología, Ingeniería y Matemáticas (STEM) para los es-
tudiantes de primaria sigue siendo un desafío. Esta meta-análisis, guiada por las Directrices de Elementos Preferentes para 
las Revisiones Sistemáticas y Meta-Análisis (PRISMA), explora las intervenciones de Aprendizaje Basado en Juegos Digitales 
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1. INTRODUCTION

1.1. The Role of DGBL in STEM Education

In the digital age, the integration of technology in education has become more widespread (Bai et al., 2020). 

STEM education is crucial for equipping students with essential skills for the future workplace (Arztmann et 

al., 2023). DGBL offers an interactive and engaging way to explore STEM concepts (Gui et al., 2023; Onyek-

were & Hoque, 2023), addressing the growing demand for skilled professionals in this sector (Borenstein et 

al., 2021; Gao et al., 2020; Li et al., 2019). Developing STEM education is vital for unlocking students’ career 

prospects (Oguguo et al., 2023; Wang et al., 2022).

Although the interdisciplinary nature of STEM subjects poses challenges to their comprehension (Corre-

dor et al., 2014; Homer et al., 2020; Sedig, 2008; Yu et al., 2024), DGBL helps mitigate these issues by blending 

interactive elements with engaging gameplay (Connolly et al., 2012; Guan et al., 2024; Squire, 2006). Various 

game types, including simulation, role-playing, strategy, and puzzle games, cater to diverse learning prefer-

ences and styles (Kiili, 2005; Wouters et al., 2013).

DGBL serve as powerful tools that promote cognitive, social, and emotional growth (Guan et al., 2024; 

Habgood & Ainsworth, 2011; Papastergiou, 2009) by merging fun and learning to motivate learners (Garris 

et al., 2002; Gee, 2003; Guan et al., 2024). Their effectiveness in addressing challenges associated with STEM 

learning is evident as they enable understanding of complex concepts and develop problem-solving skills 

(Plass et al., 2015; Yu et al., 2024; Chu & Chang, 2014). DGBL encourages students to envision real-life prob-

lems, fostering cognitive preparedness and promoting intellectual engagement (Hwang et al., 2016; Praka-

sha et al., 2024). Endorsed by the National Science Foundation (Borgman et al., 2008; Wang et al., 2022), 

DGBLs are recognized as an innovative approach for learning in various STEM fields.

1.2. Evaluating the Impact of DGBL on STEM Education in Primary Schools

There is an ongoing debate regarding the definition and effectiveness of DGBL in primary education, par-

ticularly concerning their impact on STEM learning outcomes. While some scholars view DGBL as a type 

of play that generates unconscious learning (Shaffer, 2006; Haidar, 2024), others argue that it involves 

(ABJD) como una posible solución. Se analizaron dieciocho estudios empíricos publicados entre 2010 y 2020 para identificar 
enfoques efectivos de ABJD. Se examinaron factores clave, como las disciplinas de las materias, el tratamiento de control, el 
tipo de juego, las plataformas y la duración de la intervención. Los hallazgos revelan efectos positivos significativos de las 
intervenciones de ABJD en los resultados de aprendizaje, particularmente en matemáticas, lenguaje y ciencias. El estudio 
subraya la importancia de optimizar el diseño del juego y las opciones de plataforma para la efectividad del ABJD y desta-
ca los posibles beneficios de incorporar el ABJD en la educación STEM de primaria. Las investigaciones futuras deberían 
investigar más a fondo los factores contribuyentes, como géneros de juegos, tecnologías, estrategias de implementación 
y componentes específicos del juego para promover procesos de aprendizaje óptimos en diversos entornos educativos.

PALABRAS CLAVE  Aprendizaje Basado en Juegos Digitales; gamificación; rendimiento de aprendizaje; meta-análisis; edu-
cación primaria; educación STEM.
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integrating gaming elements, such as points, rewards, or competition, into the teaching process (Al-Azawi et 

al., 2016; Chiappe et al., 2020). This study considers the latter perspective, recognizing gamification as one 

of the game genres (Chang & Hwang, 2019).

Studies on DGBL have yielded mixed results, with some indicating positive effects on satisfaction, atti-

tudes (Sung & Hwang, 2013), knowledge tests (Erhel & Jamet, 2013), and skills (Qian & Clark, 2016). However, 

other studies question their effectiveness in theoretical framing (Wu et al., 2012), learning strategy integration 

(Charsky & Ressle, 2011), and learning objective setting (Sung & Hwang, 2013). Researchers emphasize that 

appropriate and theoretically sound learning mechanisms are essential for the effectiveness of DGBL in pri-

mary STEM education (Chang & Hwang, 2019; Kickmeier-Rust et al., 2008). To confidently incorporate DGBL 

into their instruction, educators require evidence-based strategies and exemplary cases. By examining these 

versatile and advantageous methods, teachers can harness the potential of DGBL to enhance STEM learning 

outcomes and contribute to the ongoing discourse on their effectiveness in primary education.

1.3. The Need for Assessing DGBL in Primary STEM Education

Despite extensive research on the effectiveness of DGBL technology in STEM education at various levels, 

there is a scarcity of literature specifically examining the impact of DGBL on promoting STEM learning out-

comes in primary education (Huang et al., 2019). Existing studies have produced inconsistent results, with 

some suggesting negative effects on children’s concentration and learning rate in STEM subjects (Videnovik 

et al., 2023), while others indicate positive influences on children’s learning pace (Hung et al., 2014).

Although some studies propose that DGBL can enhance mathematical knowledge, reduce anxiety, and 

boost motivation among children (Hayati & Behnamnia, 2023; Hung et al., 2014), it is essential to acknowl-

edge the lack of substantial evidence regarding their impact on students’ academic progress (Arztmann et 

al., 2023; Giannakos, 2013; Khan et al., 2017). The findings on the influence of DGBL on early learners’ STEM 

learning outcomes remain inconclusive. Consequently, educators face challenges in deciding whether to 

integrate DGBL into the preschool curriculum.

In this study, the authors focus on assessing the impact of DGBL on primary school students’ learning 

outcomes in STEM subjects. The learning outcomes considered in the research include content knowledge, 

problem-solving skills, critical thinking, and motivation to learn. By examining the influence of DGBL on 

these outcomes, the authors aim to contribute to the ongoing discourse on the potential benefits and chal-

lenges of incorporating DGBL in primary STEM education. Assessing the effects of DGBL on the acquisition 

and dissemination of STEM knowledge in primary schools is crucial to provide guidance for educators seek-

ing to optimize learning outcomes. A comprehensive understanding of the impact of DGBL on young learn-

ers will contribute to informed decision-making and the development of effective instructional strategies in 

primary STEM education.

1.4. Comparison between Previous DGBL Reviews and the Current Study

Previous research on the effectiveness of DGBL in STEM education has yielded mixed findings and focused 

primarily on specific aspects of game-based learning or individual games (Arztmann et al., 2023; Giannakos, 
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2013; Khan et al., 2017). These studies have offered valuable insights into the potential benefits and chal-

lenges associated with DGBL use. However, there remains a need for a comprehensive review that evaluates 

the broader impact of DGBL on primary school students’ academic achievement in STEM education.

The present study aims to address this gap by providing an extensive meta-analysis of 18 academic 

studies, examining various moderator variables and their potential influence on learning outcomes. The 

study’s focus extends beyond specific games or learning outcomes, offering a more holistic view of DGBL’s 

impact in STEM education.

In comparison to previous reviews, this study considers a wider range of factors, including subject disci-

plines, control treatment, game type, platforms, and intervention duration, to provide a more comprehen-

sive understanding of the complex interplay between these elements and their contributions to the overall 

impact of DGBL (Chang & Hwang, 2019; Hung et al., 2014; Qian & Clark, 2016). By expanding the scope of in-

vestigation, the current study seeks to offer educators and policymakers a more nuanced understanding of 

the potential benefits, challenges, and optimal conditions for the successful integration of DGBL in primary 

STEM education (Behnamnia et al., 2023; Romero & Barma, 2015; Zheng et al., 2024).

2. LITERATURE REVIEW
This section presents a comprehensive analysis of the existing literature on the impact of DGBL on STEM 

education for primary school students. The synthesis of findings from various studies endeavors to iden-

tify patterns, gaps, and trends in the field. This serves to contextualize the current study, which provides a 

comprehensive analysis of all subject fields in STEM, addressing gaps in existing research and contributing 

to a more holistic understanding of the role digital educational games play in shaping learning outcomes.

Several studies have investigated the potential benefits of DGBL for enhancing learning outcomes in 

STEM subjects. Tokac et al. (2019) explored the effects of game-based learning on primary school students’ 

mathematics achievement and found positive influences on learning pace. Similarly, Gao et al. (2020) con-

ducted a meta-analysis and concluded that educational computer games could improve students’ learning 

performance in science and mathematics (Gao et al., 2020).

Research on DGBL has also considered their impact on students’ motivation and engagement. For in-

stance, Wu et al. (2012) reappraised game-based learning based on educational theory, emphasizing its 

potential for fostering learners’ motivation and learning outcomes (Wu et al., 2012). Additionally, Qian & 

Clark (2016) examined the relationship between game-based learning and the development of 21st-centu-

ry skills, highlighting the positive effects of digital games on students’ collaboration, communication, and 

problem-solving abilities (Qian & Clark, 2016).

Despite these promising findings, some studies have reported mixed results or raised concerns about 

the effectiveness of DGBL in promoting academic achievement. Niemeyer (2006) suggested negative effects 

on children’s concentration and learning rate in STEM subjects (Neimeyer, 2006), while others indicated that 

the impact of digital games on students’ academic progress remains inconclusive (Arztmann et al., 2023; 

Giannakos, 2013; Khan et al., 2017).
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Furthermore, several studies have focused on the importance of considering various game elements 

and contextual factors when evaluating the effectiveness of DGBL. For example, Chang & Hwang (2019) ex-

amined the effects of different game genres on learning performance (Chang & Hwang, 2019), while Gui et 

al. (2023) and Solanes et al. (2023) explored the potential of metaverse ecosystems and augmented reality 

in STEM education (Gui et al., 2023; Solanes et al., 2023).

In conclusion, the literature review demonstrates the complexity and heterogeneity of findings on the im-

pact of DGBL on primary school students’ STEM learning outcomes. While some studies suggest positive influ-

ences, others report mixed results or raise concerns about their effectiveness. The present study aims to ad-

dress these inconsistencies by conducting a comprehensive meta-analysis of 18 academic studies, examining 

various moderator variables, and offering a more holistic view of the role of DGBL in primary STEM education.

3. META-ANALYSIS PURPOSE
This study aims to address the limitations and discrepancies found in previous research on Digital Game-

Based Learning (DGBL) in primary STEM education. The research focuses on assessing the efficacy of utiliz-

ing DGBL in enhancing learning outcomes across STEM subjects. By examining key variables, such as subject 

disciplines, control treatment, game type, platforms, and intervention duration, the study aims to identify 

essential principles of effective DGBL design that contribute to learning progress. The following research 

questions guide this investigation:

1.	 Is DGBL more effective in improving learning outcomes compared to traditional teaching methods in 

primary STEM education?

2.	 Do students’ learning outcomes differ based on the STEM subject discipline (Science or Mathematics) 

when using DGBL?

3.	 How does gameplay design (game type or game platform) impact learning outcomes in primary STEM 

education when employing DGBL?

4.	 What is the relationship between intervention duration and students’ academic achievement in DGBL 

interventions?

5.	 Do control treatments (traditional teaching methods vs. multimedia or non-game-based interventions) 

influence the effectiveness of DGBL interventions in primary STEM education?

By addressing these research questions, this study intends to contribute to the existing body of knowl-

edge on the use of DGBL in primary STEM education. It will help identify the most effective approaches 

and design principles for implementing DGBL in the classroom, thereby improving learning outcomes and 

informing educational policy and practice.

4. METHOD
Meta-analysis is a widely employed methodology for conducting quantitative and exhaustive analyses 

of prior research outcomes on a given topic (Glass et al., 1981). This statistical analysis approach enables 
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systematic studies to address research questions more accurately by adhering to stringent screening crite-

ria (Noble Jr, 2006). As a result, the meta-analysis method facilitates a more reliable examination of inde-

pendent studies within a systematic review, ensuring greater precision and validity of research results. By 

reconciling discrepancies arising from conflicting experimental experiences, meta-analysis generates more 

meaningful and robust outcomes (Paré et al., 2015). Consequently, this study adopts the Preferred Report-

ing Items for Systematic Reviews and Meta-Analysis (PRISMA) method to maintain rigor and transparency in 

the research process (Moher et al., 2010; Moher et al., 2015).

4.1. Sources and strategy of data collection

In order to gather relevant information for this study, a thorough search was conducted across various on-

line sources, such as journal collections and websites like Web of Science, ERIC, JSTOR, ESCBO, Science 

Direct, IEEE Xplore, Springer, Scopus, and Wiley. To further expand the search scope, the Google Scholar 

search engine was also utilized to cover more studies. The eligibility criteria for selecting studies included 

publications from 2010 to 2020, written in English. 

4.1.1 Rationale for Journal Selection and Time Range

The selected journal was chosen for its relevance to the research topic, as it caters to an audience of re-

searchers and practitioners in the fields of education and technology. The time range was chosen to cap-

ture recent advancements in digital game-based learning while ensuring the inclusion of studies that have 

informed current practices.

To facilitate an organized search process, three sets of keywords were defined, combined using Boolean 

operators (AND, OR). The first set of keywords aimed to establish the scope of DGBL, incorporating terms like 

“game,” “educational game,” “digital game,” and phrases such as “computer games,” “gamification,” “video 

games,” “simulation games,” “game-based learning,” “serious digital games,” and “teaching with games.”

The second set of keywords targeted STEM-related concepts, including “learning,” “education,” “sci-

ence,” “technology,” “engineering,” “mathematics,” and “teaching.”

Finally, the third set of keywords focused on primary school education levels and was combined with 

the first and second sets of keywords. This set comprised terms such as “primary education,” “primary lev-

el,” and “primary school teaching.”

The keyword search was executed across various fields, including article titles, abstracts, and full-

text content, to ensure a comprehensive and thorough coverage of relevant studies. This multi-faceted 

approach allowed for the identification of pertinent research articles that explored the impact of DGBL 

on teaching and learning outcomes in STEM subjects within the primary school setting. By examining and 

synthesizing these studies, a deeper understanding of the potential benefits and challenges of incorpo-

rating DGBL into the curriculum can be achieved, ultimately informing educators’ decisions on effective 

teaching strategies.



INNOEDUCA

119Innoeduca. International Journal of Technology and Educational Innovation
Najmeh Behnamnia, Amirrudin Kamsin & Siavash Hayati

4.2. Literature Search and Eligibility Criteria

The literature search and eligibility criteria for this study concentrated on evaluating the effectiveness of 

DGBL interventions in primary STEM education in contrast to traditional teaching methods. Comparing 

these approaches was crucial for comprehending the impact of DGBL within the larger educational land-

scape. To facilitate this comparison, the search strategy and selection criteria intentionally incorporated 

conventional teaching methods as a reference point in the meta-analysis. The search strategy incorporated 

the following key elements:

•	 Utilizing search terms related to traditional teaching approaches: Keywords and phrases such as 

“conventional teaching,” “traditional instruction,” “non-digital learning,” and “traditional teaching 

methods” were included to identify studies comparing DGBL interventions with conventional 

teaching practices.

•	 Developing selection criteria for comparative studies: To be considered for the meta-analysis, 

studies were required to compare the effectiveness of DGBL interventions with traditional teaching 

approaches. This entailed selecting studies featuring both an intervention group employing DGBL 

and a control group utilizing conventional methods.

By implementing a thorough search strategy and establishing clear selection criteria, the meta-analysis 

effectively captured relevant studies comparing DGBL interventions with traditional teaching approaches 

in primary STEM education. This approach enabled the analysis of DGBL’s impact on learning outcomes and 

their potential benefits over conventional methods.

4.3. Including and excluding criteria

The entry and exit criteria are mentioned in Table 1 in order to find the questions of this research. Fol-

lowing the considering criteria, the research literature that satisfied the meta-analysis requirements of this 

study was included, while those that did not were omitted (see Table 1). 

TABLE 1. Inclusion and Exclusion criteria in the meta-analysis used in this research

INCLUSION CRITERIA IN THE META-ANALYSIS USED IN THIS RESEARCH (IC)

IC 1 Studies focusing on primary school level education.

IC 2 Studies written in English.

IC 3 Studies examining the impact of DGBL through group intervention and control/nonintervention group comparisons.

IC 4 Studies providing sufficient data to calculate the impact size of DGBL.

IC 5 Studies concentrating on STEM courses.

EXCLUSION CRITERIA IN THE META-ANALYSIS USED IN THIS RESEARCH (EC)

EC 1 Studies lacking adequate data for calculating the effect size of DGBL.

EC 2 Studies without group comparisons, control groups, or digital game interventions.

EC 3 Studies with unavailable full-text versions.

EC 4 Studies focusing on non-STEM courses.

EC 5 Non-peer-reviewed studies or those published outside of academic journals (e.g., book chapters and reviews).
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The data collection process in Figure 1 shows how the search, screening, and selection of qualified ar-

ticles were done in this article. In the next step, 35 articles were examined for further review, and finally, 18 

articles met the criteria for entering this meta-analysis (see Fig.1).

FIGURE 1. PRISMA flowchart for data collection

4.4. Meta-Analysis Approach

This study employed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

method as the primary approach for conducting the meta-analysis. PRISMA is a widely recognized and ac-

cepted framework for performing and reporting systematic reviews and meta-analyses, emphasizing trans-

parency, completeness, and rigor throughout the research process (Moher et al., 2010; Moher et al., 2015).

The PRISMA method was chosen for its systematic and comprehensive nature, making it particularly 

suitable for the research objectives of evaluating the effectiveness of DGBL interventions in primary STEM 

education. The approach enables a methodical and unbiased identification, selection, and evaluation of 

relevant studies, ensuring the reliability and generalizability of the findings.
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The PRISMA method comprises several essential steps:

1.	 Define the research question and establish eligibility criteria for study inclusion and exclusion.

2.	 Conduct a comprehensive literature search using multiple databases and online sources.

3.	 Screen and select studies based on the predetermined eligibility criteria.

4.	 Extract relevant data from the selected studies and assess their quality.

5.	 Analyze the extracted data using appropriate statistical methods and techniques.

6.	 Interpret the results and draw conclusions based on the synthesized evidence.

By systematically following these steps, the PRISMA method allows for the assessment of the impact 

of DGBL interventions in primary STEM education, identification of potential gaps in the existing literature, 

and provision of insights into areas that require further investigation. In conclusion, the adoption of the 

PRISMA method ensures a thorough, transparent, and comprehensive approach to evaluating the effective-

ness of DGBL interventions in primary STEM education.

4.5. Indicators of Moderation

Moderation indicators refer to specific characteristics in each study and their relationship with study results. 

These indicators cause variance in the effect size due to the variation in the outcomes of the studies. Com-

mon moderation indicators used in this study included subject disciplines, control treatment, game type, 

platforms, and intervention duration. These variables have also been employed in previous studies to de-

termine the difference in effect size heterogeneity (Chen et al., 2018; Thompson & von Gillern, 2020; Zeng et 

al., 2020). To address the research questions, the following moderation indicators were coded (see Table 2).

TABLE 2. Moderator data in studies 

Paper id
Sample 

size
Subject

Control 
treatment

Game type
Gaming 

platform
Intervention 

duration
Authors (year)

P 1 136 Science Traditional
Tutorial 
Games

Computer ≥3 months
(Anderson & Barnett 

, 2011)

P 2 49 Science Multimedia
Tutorial 
Games

Mobile 1 week–1 month (Chen, 2020)

P 3 51 Science Multimedia Board Games Mobile <1 week (Chen et al., 2016)

P 4 115 Science Traditional
Immersive 

Games
Computer 1 month–3 months (Chen et al., 2020)

P 5 53 Science Multimedia
Immersive 

Games
Computer <1 week (Chu & Chang, 2014)

P 6 103 Mathematics Traditional
Tutorial 
Games

Mobile 1 month–3 months
(van der Ven et al., 

2017)

P 7 232 Science Traditional
Immersive 

Games
Computer 1 month–3 months (Hodges et al., 2020)

P 8 46 Mathematics Traditional
Tutorial 
Games

Mobile <1 week (Hung et al., 2014)
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Paper id
Sample 

size
Subject

Control 
treatment

Game type
Gaming 

platform
Intervention 

duration
Authors (year)

P 9 50 Science Multimedia Board Games Computer <1 week (Hwang et al., 2012)

P 10 60 Science Multimedia
Immersive 

Games
Computer <1 week (Hwang et al., 2013)

P 11 57 Science Multimedia Board Games Mobile <1 week (Hwang et al., 2016)

P 12 61 Mathematics Traditional
Immersive 

Games
Computer 1 month–3 months (Ke, 2019)

P 13 132 Mathematics Multimedia
Immersive 

Games
Computer <1 week (Kim & Ke, 2017)

P 14 62 Mathematics Multimedia Board Games Computer <1 week (Lin et al., 2013)

P 15 185 Science Multimedia
Immersive 

Games
Computer <1 week (Stege et al., 2012)

P 16 102 Science
Multimedia/ 
Traditional

Tutorial 
Games

Mobile Not specified (Su & Cheng, 2013)

P 17 36 Science Traditional
Tutorial 
Games

Mobile 1 month–3 months (Yallihep & Kutlu, 2020)

P 18 65 Mathematics Traditional
Tutorial 
Games

Mobile <1 week (Zhang et al., 2020)

•	 Discipline of subject: Research investigating one of the STEM subjects was considered in line with 

the definition of the subject (Wahono et al., 2020). Based on the classification adopted in this study, 

the coding was categorized according to STEM disciplines, including science, mathematics, and 

technology or engineering. The analysis of the impact of DGBL on learning rate was conducted based 

on this coding.

•	 Control treatment: This study focused on whether DGBL are effective in promoting learning. In this 

context, the analysis based on control treatment was employed, which determines the extent of 

learning promotion through DGBL in comparison to non-digital game teaching methods. Control 

treatment has been regarded as a moderation index in past studies (Garzón & Acevedo, 2019; 

Merchant et al., 2014; Wouters et al., 2013). Two categories of coding, “traditional” and “multimedia,” 

were utilized in the meta-analysis to analyze the moderation index in control treatment. Traditional 

education in classroom settings included the presence of teachers, textbooks with assignments, 

and real-world experimental experiments, while DGBL involving animation or lessons played on 

computers or other digital devices were coded as “multimedia.”

•	 Game type: Games are typically divided into two categories: role-playing games (Li & Tsai, 2013) and 

non-role-playing games. DGBL encompasses eight categories: immersive games, educational games, 

training games, simulation games, adventure games, music games, board games, and alternative 

reality games (Hung et al., 2018). The framework for analyzing DGBL used in the studies is based on 

Hong et al.’s (2009) classification framework. The games identified in the reviewed studies consist of 

immersive games, tutorial games, and board games (Hong et al., 2009).
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•	 Platforms: Common platforms include computers, mobile phones, touch tablets, gaming consoles 

(e.g., PlayStation or Xbox), and unidentified gadgets. Hardware types can influence how players learn 

in the game (Thompson & von Gillern, 2020). The most popular gaming platforms were selected based 

on reviews in the articles, which included PCs, mobile devices, and touch tablets.

•	 Intervention duration: The duration of an educational intervention, such as the use of DGBL, can 

influence the extent to which learning outcomes are achieved.

	׵ Shorter interventions, lasting less than one week, may lead to more immediate and targeted 

outcomes, such as the acquisition of specific content knowledge or the development of a particular 

skill. These interventions can be effective in reinforcing key concepts and engaging students in 

focused learning experiences.

	׵ Longer interventions, lasting more than three months, may provide more opportunities for 

learners to develop a deeper understanding of complex concepts and demonstrate higher-order 

thinking skills. These interventions can support the development of problem-solving strategies, 

critical thinking, and sustained motivation to learn. Intervention duration was coded based on the 

durations specified in the selected studies, following previous research (Bai et al., 2020; Chen et al., 

2018). This coding comprised (a) <1 week, (b) 1 week to 1 month, (c) >1 month to 3 months, (d) >3 

months, and (e) not specified.

4.6. Analysis of collected data 

The study’s focal point was the influence of DGBL on the acquisition of knowledge among primary school 

students. The study utilized Comprehensive Meta-analysis 3.0 software to compute impact size and ascertain 

moderating variables. The study’s objective was to assess the efficacy of DGBL in contrast to non-digital ed-

ucational games instruction, concentrating on determining the extent of the impact. The standardized mean 

difference was utilized to quantify the impact size. To evaluate study homogeneity, the Q statistic and I² value 

were utilized. The study’s results indicated substantial heterogeneity, as suggested by a statistically signifi-

cant Q statistic, which refuted the null hypothesis of homogeneity (Lipsey & Wilson, 2001). Borenstein et al. 

(2010) discovered that the random-effects model had a superior fit and suggested examining moderator var-

iables (Borenstein et al., 2010). Hedges’ (1982) method was utilized to determine ES(d) (Hodges et al., 2020).

ES
ME - MC

The equation uses different variables to represent different aspects. ES represents the efficiency score 

of a specific entity, ME represents the mean efficiency score of all entities in the system, MC represents the 

marginal cost of production, NE represents the number of inputs used by the entity, S²E represents the 

variance of inefficiencies in input, NC represents the number of outputs generated by the entity, and S²C 

represents the variance of inefficiencies in output. This equation calculates the efficiency score of a particu-

lar entity by considering the mean efficiency of all entities, the marginal cost of production, the number of 
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inputs and outputs, and the variances of inefficiencies in input and output. It is a useful tool for analyzing 

organizational efficiency in specific industries or contexts. In this study, ME and MC represent the estimated 

means of the experimental and control groups, respectively. NE and NC represent the sample sizes of these 

groups, and S2E and S2C represent their respective standard deviations.

4.7. Analysis of bias and variability in publications

Meta-analyses can be influenced by various biases, such as publication bias, where only positive outcomes 

are reported (Borenstein et al., 2010; Egger et al., 1997). To assess potential publication bias, this study 

employed the fail-safe value approach instead of the funnel plot technique. The fail-safe value method esti-

mates the number of unpublished studies with null results needed to negate the observed effect, providing 

a quantitative measure of the robustness of meta-analytic findings (Rosenthal, 1979). The Begg and Mazum-

dar rank correlation test found no significant bias (Z = 1.457 < 1.96, p = 0.145 > 0.05), suggesting the absence 

of publication bias (Begg & Mazumdar, 1994). The traditional fail-safe N test was also employed, yielding a 

fail-safe value of 3001. This indicates that a substantial number of unpublished studies would be required 

to render the effect sizes insignificant, further supporting the absence of publication bias. Heterogeneity 

was evaluated using I² values. The I² test complements the Q-test, with values of 0%–25% indicating low, 

25%–75% indicating moderate, and 75%–100% indicating substantial heterogeneity (Higgins et al., 2003). 

Significant heterogeneity was found (p < 0.001), necessitating the use of a random-effects model to account 

for variations in effect sizes across studies (Wang et al., 2020).

In this study, the fail-safe value was calculated as 83. This result suggests that 83 unpublished studies 

with null results would be needed to negate the positive outcomes reported in the meta-analysis, indicating 

a robust observed effect. Table 3 presents individual effect sizes, standard errors, variances, lower and up-

per limits, z-values, p-values, and overall effect sizes for each of the 18 studies included in the meta-analysis. 

All studies showed a large effect size, with p-values less than 0.05, except for studies P7 and P14. Despite 

these two studies having large effect sizes, their results are not statistically significant. Incorporating the 

fail-safe value in the analysis aimed to provide a transparent evaluation of potential publication bias, high-

lighting the robustness of the findings and contributing to the growing body of research on DGBL in primary 

STEM education (See Table 3 for more details).

5. RESULTS
The 18 studies (P1-P18) examined DGBL in various primary STEM education contexts, focusing on subjects 

such as Science (11 studies) and Mathematics (7 studies). Control treatments included traditional teaching 

methods (9 studies) and multimedia/non-game-based interventions (remaining studies). Tutorial games 

were most commonly employed (9 studies), followed by immersive games (6 studies) and board games (3 

studies). Platforms included computers (11 studies) and mobile devices (7 studies). Intervention durations 

ranged from short-term (<1 week; 8 studies) to medium-term (1-3 months; 4 studies) and long-term (>3 

months; 3 studies). These studies offer insights into DGBL’s efficacy in improving learning outcomes and its 

potential advantages over traditional teaching methods in primary STEM education.
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5.1. Distribution of Studies Over Time

The reviewed studies demonstrated a gradual increase in DGBL research for primary STEM education, with a 

notable peak in 2020. Publication years ranged from 2011 to 2020, with the highest concentrations of studies 

in 2014 (3 studies) and 2020 (5 studies), indicating a growing interest and research field in this area (see Fig. 2).

FIGURE 2. Number of published papers per year

5.2. Analysis of Game Types in DGBL Interventions

The studies reviewed predominantly employed tutorial games (44.4%; 8 studies) for DGBL interventions, 

likely due to their ability to provide guided instruction and enhance problem-solving skills in STEM subjects. 

Immersive games (33.3%; 6 studies) and board games (22.2%; 4 studies) were also utilized, reflecting di-

verse approaches to integrating DGBL in primary education (see Fig. 3).

FIGURE 3. Pie Chart: Game Types

5.3. Analysis of Gaming Platforms in DGBL Interventions

The reviewed studies predominantly utilized computers (66.7%; 12 studies) as the gaming platform for 

DGBL interventions due to their versatility and functionality. However, mobile devices (33.3%; 6 studies) 

also demonstrated significant presence, reflecting a growing interest in leveraging portable and accessible 

technology for enhancing STEM learning among primary school students.
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FIGURE 4. Gaming Platforms

5.4. Analysis of Intervention Duration in DGBL Studies

The studies primarily implemented short-term DGBL interventions (38.9%; 7 studies) due to factors like re-

source limitations and curriculum integration challenges. However, longer interventions (16.7%; 3 studies) 

were also present, acknowledging potential benefits of sustained DGBL engagement for enhancing prima-

ry school students’ learning outcomes in STEM subjects. Intervention durations varied from less than one 

week to over three months (see Fig. 5).

FIGURE 5. Intervention Duration

5.5. Analysis of Subject Areas in DGBL Studies

Most studies focused on using DGBL for Science subjects (72.2%; 13 studies), with fewer focusing on Math-

ematics (27.8%; 5 studies). This distribution highlights the preference for DGBL in Science education, likely 

due to its potential for integrating real-world phenomena through engaging game elements. Mathemat-

ics-focused interventions reflect DGBL’s recognized value in promoting problem-solving skills and concep-

tual understanding in this key STEM subject (see Fig. 6).

FIGURE 6. Subject Areas in DGBL Studies
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5.6. Findings of the study

This section discusses the findings of the study, addressing the following research questions:

5.6.1. The Impact of DGBL on STEM Learning in Primary Education

A meta-analysis of 18 studies (1595 participants) assessed DGBL’s overall impact on students’ learning out-

comes, using Cohen’s effect size criteria (Cohen, 2013). The weighted average of standardized differences 

in means across studies was 0.834 (standard error: 0.123), indicating a large effect size per Cohen’s criteria. 

This suggests a significant positive impact of DGBL on primary school students’ learning outcomes in STEM 

subjects. Table 3 summarizes the overall effect size and highlights DGBL’s influence on learning outcomes in 

Mathematics, Science, and Language, supporting its integration in STEM education for enhancing primary 

school students’ learning outcomes (see Table 3 for details).

TABLE 3. Random-effect model forest plot displaying all included effect sizes in the forest plot

Paper id
Std diff 

in means
Standard 

error
Variance

Lower 
limit

Upper 
limit

Z-value P-value
Effect size 
(cohen’s d)

Authors (Year)

P 1 0.891 0.180 0.032 0.539 1.244 4.953 0.000 Large (Anderson et al., 2011)

P 2 0.454 0.289 0.084 0.113 1.021 1.569 0.117 Medium (Chen, 2020)

P 3 3.380 0.437 0.191 2.524 4.236 7.740 0.000 Large (Chen et al., 2016)

P 4 0.554 0.190 0.036 0.182 0.927 2.916 0.004 Medium (Chen et al., 2020)

P 5 0.854 0.287 0.082 0.291 1.416 2.975 0.003 Large (Chu et al., 2014)

P 6 0.650 0.202 0.041 0.253 1.046 3.212 0.001 Medium
(van der Ven et al., 

2017)

P 7 0.068 0.132 0.017 0.190 0.327 0.518 0.605 Small (Hodges et al., 2020)

P 8 0.704 0.304 0.092 0.109 1.300 2.317 0.020 Medium (Hung et al., 2014)

P 9 2.428 0.376 0.141 1.692 3.164 6.464 0.000 Large (Hwang et al., 2012)

P 10 0.593 0.264 0.070 0.076 1.110 2.247 0.025 Medium (Hwang et al., 2013)

P 11 0.517 0.270 0.073 0.011 1.046 1.919 0.055 Medium (Hwang et al., 2016)

P 12 0.988 0.287 0.082 0.425 1.550 3.441 0.001 Large (Ke, 2019)

P 13 1.161 0.188 0.035 0.792 1.529 6.168 0.000 Large (Kim et al., 2017)

P 14 0.455 0.257 0.066 0.049 0.960 1.769 0.077 Medium (Lin et al., 2013)

P 15 0.292 0.148 0.022 0.002 0.582 1.975 0.048 Small (Stege et al., 2012)

P 16 0.758 0.261 0.068 0.246 1.270 2.902 0.004 Medium (Su et al., 2013)

P 17 2.025 0.414 0.171 1.214 2.836 4.894 0.000 Large (Yallihep et al., 2020)

P 18 0.451 0.251 0.063 0.041 0.944 1.796 0.073 Medium (Zhang et al., 2020)

Note: Effect sizes are categorized as Small (d = 0.2), Medium (d = 0.5), and Large (d = 0.8) according to Cohen’s (1988) criteria.
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RESEARCH QUESTION 1: Is DGBL more effective in improving learning outcomes compared to traditional 

teaching methods in primary STEM education?

The meta-analysis of 18 studies, involving 1595 participants, revealed a significant positive impact of 

DGBL on primary school students’ learning outcomes in STEM subjects. The overall large effect size (0.834, 

SE = 0.123) demonstrates the superiority of DGBL over traditional teaching methods. However, the individ-

ual study results varied, with 16 out of 18 studies showing statistically significant positive outcomes, while 

two studies reported nonsignificant effects. This variability underscores the importance of considering fac-

tors like game type, instructional design, and individual student differences when evaluating DGBL’s effec-

tiveness in primary STEM education.

5.6.2. The Impact of DGBL on Learning Outcomes Across STEM Subject Disciplines

RESEARCH QUESTION 2: Do students’ learning outcomes differ based on the STEM subject discipline (Scien-

ce or Mathematics) when using DGBL?

Research Question 2 explored the impact of DGBL on learning outcomes across STEM subject disci-

plines. The meta-analysis revealed significant differences in effect sizes among Mathematics, Science, and 

Language. Mathematics showed the strongest positive impact on students’ learning outcomes (ES = 0.607, 

p < 0.001), followed by Language (ES = 0.740, p < 0.001), and Science (ES = 0.478, p < 0.001). No significant 

difference was found between studies in Science and Mathematics, suggesting that DGBL positively impacts 

both domains. Further details are available in Table 4 (See Table 4 for more details).

5.6.3. Impact of Gameplay Design on Learning Success

RESEARCH QUESTION 3: How does gameplay design (game type or game platform) impact learning outco-

mes in primary STEM education when employing DGBL?

 Research Question 3 explored gameplay design’s influence on learning outcomes in primary STEM ed-

ucation, examining game types and platforms. The meta-analysis showed significant effect size differences 

among game types, with board games having the largest effect size (ES = 0.658, p < 0.001). Immersive (ES = 

0.483, p < 0.001) and tutorial games (ES = 0.646, p < 0.001) also demonstrated significant effects. The analy-

sis suggested mobile devices and touch tablets positively impacted learning outcomes more than comput-

ers, though mixed findings indicated other factors might play a role (see Table 4).

5.6.4. Impact of Intervention Duration on Academic Attainment

RESEARCH QUESTION 4: What is the relationship between intervention duration and students’ academic 

achievement in DGBL interventions?

Research Question 4 investigated the relationship between intervention duration and academic 

achievement in DGBL interventions. The results showed a significant impact of intervention duration on 

academic achievement, with brief interventions lasting less than one week demonstrating the strongest 



INNOEDUCA

129Innoeduca. International Journal of Technology and Educational Innovation
Najmeh Behnamnia, Amirrudin Kamsin & Siavash Hayati

positive effect on learning outcomes (ES = 0.773, p < 0.001). Longer interventions yielded smaller effect 

sizes, indicating that shorter interventions might be more effective due to reduced novelty effects. Further 

information can be found in Table 4 (see Table 4).

5.6.5. Influence of Control Treatments on the Effectiveness of Digital Educational Games in 
Primary STEM Education

•	 RESEARCH QUESTION 5: Do control treatments (traditional teaching methods vs. multimedia or non-

game-based interventions) influence the effectiveness of DGBL interventions in primary STEM education?

Research Question 5 explored the influence of control treatments on the effectiveness of DGBL inter-

ventions in primary STEM education. The meta-analysis showed a significant effect of control treatments 

on learning outcomes (p < 0.05), with DGBL interventions demonstrating greater improvement compared to 

traditional teaching methods. This suggests that DGBL can be more effective than conventional approaches. 

However, the difference in learning outcomes between DGBL interventions and multimedia or non-game-

based interventions was less significant, emphasizing the importance of considering control treatments 

when assessing DGBL intervention effectiveness.

TABLE 4. The impact of moderator variables on effect size in the random-effect model≤

Moderator variables N
Effect Size 

(ES)

Standard 
Error 
(SE)

Variance
95% CI

QbLower limit Upper limit

Subject
Science 12 0.761 0.219 0.048 0.397 1.171

0.352
Mathematics 6 0.571 0.233 0.054 0.357 1.248

Control Treatment
Traditional 8 0.571 0.202 0.040 0.304 0.979

0.387
Multimedia 10 0.768 0.242 0.059 0.497 1.422

Game Type

Tutorial Games 7 0.646 0.244 0.059 0.337 1.271

0.388Board Games 4 0.658 0.329 0.108 0.987 2.239

Immersive Games 7 0.483 0.182 0.033 0.258 0.869

Gaming Platform
Computer 10 0.618 0.195 0.038 0.347 1.025

0.285
Mobile 8 0.802 0.283 0.080 0.467 1.552

Intervention 
duration

<1 week 10 0.773 0.244 0.059 1.400 3.462

3.852
1 week–1 month 2 0.381 0.27 0.073 1.209 2.468

1 month–3 months 5 0.432 0.193 0.037 0.891 2.142

≥3 months 1 0.18 0.18 0.032 1.240 4.950

N Number of effect size; ES, effect size; SE, Standard Error; Qb; Q Value of the heterogeneity test between the subgroups; 

CI, Confidence Interval; * p < 0.05; ** p < 0.01; *** p < 0.001
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6. DISCUSSION 

6.1. Comparison of DGBL Interventions and Traditional Teaching Methods

The meta-analysis conducted by the authors revealed a significant positive impact of DGBL interventions on 

primary school students’ learning outcomes in STEM subjects compared to traditional teaching methods. 

This finding suggests that DGBL can provide an engaging and interactive learning environment, resulting 

in improved academic achievement. However, the authors also found that the difference in effectiveness 

between DGBL interventions and multimedia or non-game-based interventions was less distinct, indicating 

that the unique features of DGBL may offer a marginal advantage over other technology-enhanced learning 

approaches.

Student characteristics and game design features may moderate the relationship between DGBL in-

terventions and learning outcomes. For example, students with different levels of prior knowledge or mo-

tivation may benefit differently from DGBL. Additionally, specific game design elements, such as feedback 

mechanisms or problem-solving tasks, could influence the effectiveness of DGBL in promoting STEM educa-

tion, as highlighted in the analysis.

The findings reveal that DGBL interventions yield improved learning outcomes compared to traditional 

teaching methods, a finding supported by other research (Chen, 2020; Tsai & Tsai, 2020). These findings 

align with the understanding that DGBL approaches can provide an engaging and interactive environment, 

leading to increased motivation and enhanced academic achievement (Anderson et al., 2011; Khan et al., 

2017). However, the difference in effectiveness between DGBL interventions and other technology-enhanced 

learning methods, such as multimedia or non-game-based interventions, was less distinct. This observation 

suggests that while DGBL can offer advantages over traditional teaching methods, their unique features 

may only provide a marginal benefit over other technology-enhanced learning strategies (Tsai & Tsai, 2020).

6.2. Influence of STEM subject disciplines on learning outcomes

The authors observed that learning success varied across subject disciplines in DGBL interventions, with 

mathematics demonstrating the largest effect sizes, followed by language and science. This finding sug-

gests that some subjects may be more amenable to DGBL, possibly due to differences in content or learning 

processes.

For instance, mathematics frequently involves problem-solving and skill-building, which can be readily 

integrated into game mechanics. In contrast, science may necessitate a more complex conceptual under-

standing that might be more challenging to convey through games. 

By examining the unique characteristics of each discipline and tailoring DGBL interventions accordingly, 

educators can optimize the effectiveness of DGBL in promoting learning success across various subject areas. 

This approach may contribute to a more comprehensive and targeted use of DGBL in primary STEM education.

This study indicates that the effectiveness of DGBL varies across different STEM subject disciplines, high-

lighting the importance of considering the specific learning context and objectives when implementing DGBL 
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strategies (Bai et al., 2020; Tsai & Tsai, 2020). For instance, DGBL may be particularly effective in enhancing 

problem-solving skills in mathematics or promoting conceptual understanding in science. These findings 

emphasize the need to tailor DGBL interventions to the specific needs and learning objectives of each STEM 

subject discipline to maximize their effectiveness in promoting academic achievement ( Brinson, 2015).

6.3. Impact of gameplay design on learning success

The findings demonstrated that gameplay design, including game types and platforms, had an impact on 

learning outcomes in primary STEM education. Notably, board games had the most significant effect on 

learning success compared to mobile devices, touch tablets, and computers. This result could be attributed 

to the collaborative and tactile nature of board games, which might enhance student engagement and fa-

cilitate peer-to-peer learning.

Educators and game developers should weigh the strengths and weaknesses of various gameplay de-

signs when selecting or designing games for STEM education. While mobile devices and touch tablets offer 

portability and accessibility, board games may be more effective in promoting social interaction and collab-

oration among students.

The findings indicate that gameplay design significantly affects learning outcomes, which is consistent 

with previous research (Bai et al., 2020; Chen, 2020; Tsai & Tsai, 2020). The design elements in DGBL, such as 

feedback mechanisms, problem-solving tasks, and interactivity, can influence students’ motivation, engage-

ment, and learning performance (Jia et al., 2016). These findings emphasize the importance of integrating 

appropriate gameplay design elements in DGBL to enhance their effectiveness in promoting learning suc-

cess. By thoughtfully incorporating game design features tailored to the needs and characteristics of learn-

ers, educators can optimize the potential benefits of DGBL strategies in STEM education (Brinson, 2015).

6.4. Influence of intervention duration on academic attainment

The meta-analysis conducted by the authors revealed a connection between intervention duration and stu-

dents’ academic achievement, with brief interventions showing the largest effect size. This finding supports 

previous research suggesting that shorter interventions may lead to better learning outcomes due to decrea-

sed novelty effects, as students may lose interest in DGBL over time. Consequently, educators should consider 

the optimal intervention periods to maximize the benefits of DGBL while maintaining student engagement.

Several factors could potentially moderate this relationship, including student characteristics (e.g., at-

tention span or prior knowledge) and game design features (e.g., complexity or variability of game content). 

By examining the interplay between intervention duration, student characteristics, and game design 

features, educators can make more informed decisions about implementing DGBL interventions in primary 

STEM education. This approach may contribute to enhanced learning outcomes and sustained student en-

gagement in DGBL environments.

The findings from this study are corroborated by various research endeavors. As postulated by Ander-

son and Barnett (2011) and Khan et al. (2017), developmental barriers can impede academic success and 



INNOEDUCA

132Innoeduca. International Journal of Technology and Educational Innovation
Najmeh Behnamnia, Amirrudin Kamsin & Siavash Hayati

induce negative attitudes, potentially leading to students abandoning their courses (Anderson & Barnett, 

2011; Khan et al., 2017). These observations confirm findings, highlighting the impact of such barriers on 

students’ learning outcomes. In addition, Bai et al. (2020) and Tsai & Tsai (2020) demonstrated that games, 

game mechanisms, competitive techniques, and gaming platforms significantly influence students’ lear-

ning outcomes, further confirming the findings (Bai et al., 2020; Tsai & Tsai, 2020). These studies collectively 

emphasize the importance of addressing developmental barriers and leveraging effective DGBL strategies 

to enhance academic success.

6.5. Addressing Bias and Variability in Publications

In this meta-analysis, the authors aimed to provide a comprehensive understanding of the effectiveness of 

DGBL in primary STEM education. However, they acknowledged potential biases and variability in publica-

tions that needed to be addressed to ensure the validity of their findings.

One significant challenge faced was the limited number of studies included in the meta-analysis, which 

can hinder the detection of publication bias using conventional methods like funnel plots. Additionally, 

the methodological heterogeneity among the studies complicated the interpretation of the distribution of 

effect sizes. To overcome these challenges, the authors employed the fail-safe value method instead of the 

funnel plot technique to evaluate potential publication bias.

By using the fail-safe value method, the authors provided a transparent and comprehensive assessment 

of potential publication bias while accounting for the unique characteristics of the included studies. The cal-

culated fail-safe value of 83 demonstrated the robustness of their meta-analytic findings, indicating that a 

substantial number of unpublished studies with null results would be required to negate the positive outco-

mes reported in their study.

Moreover, the overall consistency in study outcomes, with 16 out of 18 studies showing a statistically 

significant positive impact of DGBL on primary school students’ knowledge acquisition in STEM subjects, 

further supported the effectiveness of DGBL in this context.

6.6. Contributions to the Field of DGBL

The present meta-analysis significantly contributes to the field of DGBL in primary education by:

•	 Consolidating evidence from 18 studies on the impact of DGBL on primary school students’ learning 

outcomes in STEM subjects.

•	 Identifying the most effective types of DGBL and guiding educators in choosing appropriate game 

types to improve learning outcomes.

•	 Evaluating the effectiveness of different gaming platforms, such as computers and mobile devices, to 

help educators make informed decisions.

•	 Examining how intervention duration affects learning outcomes and providing insights into the ideal 

length of DGBL interventions.
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•	 Emphasizing the role of DGBL in developing critical STEM skills and knowledge among primary school 

students.

•	 Identifying research trends and gaps to encourage further research and inform the development of 

more effective educational strategies.

•	 Offering practical guidance for educators and policymakers implementing DGBL in primary education, 

with recommendations on game types, platforms, intervention duration, and subject areas to improve 

learning outcomes and enhance educational experiences for students.

By addressing these aspects, the meta-analysis substantially contributes to the existing body of 

knowledge on DGBL in primary education and offers valuable insights to advance research and educational 

practices in STEM education.

6.7. Implications

The outcomes of this comprehensive study bear wide-ranging implications for diverse stakeholders within 

the STEM education ecosystem:

•	 Educational Practice: The results of this meta-analysis substantiate the efficacy of DGBL in 

augmenting students’ learning outcomes in STEM disciplines. Educators can harness these insights 

to recalibrate their pedagogical methodologies, integrating DGBL into their STEM curricula to catalyze 

student engagement and optimize learning.

•	 Game Developers: The significance of refined game design and mechanics, as highlighted by the 

study, underscores the potential for game developers to engineer or refine DGBL with heightened 

educational efficacy and learner engagement. By addressing unique learning requirements and 

incorporating research-driven strategies, game developers can contribute to the advancement of 

STEM education.

•	 Policy and Decision Makers: The evidence-driven conclusions of this study can guide policymakers 

in formulating policies that promote investments in DGBL, advocate for the adoption of emerging 

technologies, and incentivize ongoing research in DGBL within STEM education. Policy decisions 

integrating DGBL as tools for elevating learning outcomes can incite enduring, positive transformations 

in education systems.

•	 Researchers: The identification of critical research domains within the realm of DGBL in STEM learning 

serves as a roadmap for researchers aiming to contribute to this burgeoning field. By pursuing 

evidence-based investigations and encouraging collaboration among education, technology, and 

design specialists, researchers can reshape the future of STEM education.

•	 Students and Parents: With the study establishing the potency of DGBL in bolstering academic 

outcomes, students and parents can consider assimilating these games into home-based learning 

pursuits. This incorporation not only supports STEM learning beyond traditional classroom settings 

but also cultivates affirmative attitudes towards technology and learning among young scholars.
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7. CONCLUSIONS
This meta-analysis aims to explore the impact of DGBL on the academic achievement of primary school 

students in STEM subjects. Through a comprehensive analysis of 18 research studies, the study reveals a 

moderate yet positive effect of DGBL on learning outcomes, suggesting that these games have the potential 

to significantly enhance academic achievement when compared to traditional teaching methods. Further-

more, the study delves into the intricacies of DGBL by examining the influence of factors such as subject 

disciplines, control treatment, game type, platforms, and intervention duration on learning outcomes. The 

results indicate that integrating educational DGBL into STEM education can serve as a valuable teaching 

strategy, leading to measurable improvements in academic performance.

7.1. Limitations

This research investigation examines the potential advantages of incorporating educational DGBL into 

STEM education in primary schools, comparing their effectiveness to that of non-digital games. Despite its 

contributions, this meta-analysis has certain limitations. Firstly, the meta-analysis methodology required 

excluding relevant studies that did not meet specific criteria, resulting in the analysis relying on data from 18 

empirical studies and effect estimates, while other pertinent studies may have been overlooked. Secondly, 

a random-effects model was employed instead of a more precise fixed-effects model. Furthermore, a com-

prehensive examination of all internal and external moderator variables was not feasible within the study’s 

scope. Additionally, there is a noticeable gap in research investigating the impact of DGBL on cognitive abili-

ties and emotional states. In light of these limitations, it is recommended that future research utilize diverse 

academic databases to explore the effects of DGBL with STEM instruction from multiple perspectives, par-

ticularly in primary school settings.

7.2. Future Work and Recommendations

As more studies on DGBL in primary STEM education become available, future meta-analyses should em-

ploy additional methods such as funnel plots, Egger’s regression test, and trim-and-fill analysis to further 

explore potential biases and variability in publications.

Future research should focus on identifying the ideal duration for DGBL interventions in primary 

STEM education, considering factors such as game type, subject area, and student demographics. This 

will help educators and policymakers make informed decisions when implementing DGBL interventions 

in their curricula.

Further investigation into the potential of combining different gameplay designs to create a more ho-

listic and effective learning experience is also encouraged. By considering the unique advantages of various 

game types and platforms, educators can optimize the use of DGBL in primary STEM education and foster a 

more engaging and collaborative learning environment.
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In addition, future studies should delve deeper into the factors contributing to disciplinary differences 

in learning outcomes. This knowledge can be used to develop customized DGBL interventions that cater to 

the specific learning needs of each subject area.

Lastly, incorporating personalized learning strategies into DGBL designs, as well as investigating the in-

tegration of DGBL with other technologies, can further enhance the potential benefits of these interventions 

in primary education.
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1. INTRODUCTION
Blended learning, combining face-to-face instruction with web-assisted learning, has become a transform-

ative educational approach for the information age (Dangwal, 2017). Blended learning includes virtual 

classrooms, personalized training, collaborative learning, and multimedia resources, creating a rich learn-

ing environment (Ashraf et al., 2021). It enhances accessibility and flexibility, catering to diverse learning 

preferences and paces (Chaw & Tang, 2023). Virtual classrooms allow engagement from anywhere, while 

personalized training lets learners progress at their own pace with tailored support (Kilag et al., 2023). On-

line platforms foster teamwork and communication skills essential for the modern workforce (Bizami et 

al., 2023). Multimedia resources such as videos and interactive simulations cater to various learning styles 

(Akram et al., 2023). Despite the advantages of online learning, face-to-face interaction remains crucial for 

feedback, hands-on activities, and interpersonal skills development (Bizami et al., 2023). This combination 

makes blended learning effective for modern education, addressing limitations of purely online or tradi-

tional settings (Smith & Hill, 2018). Adaptability and inclusivity of blended learning meet the evolving needs 

of students, leveraging technology to enhance traditional practices and develop critical 21st-century skills 

(Dakhi et al., 2020). It prepares students to thrive in a digital world, fulfilling education’s goal of equipping 

individuals with essential skills for the information society.

Understanding students’ attitudes towards blended learning is crucial, as these attitudes significantly 

influence educational outcomes (Cao, 2023). Positive attitudes lead to better engagement and results, while 

negative attitudes can hinder progress (Zhang et al., 2020). Educators must measure and analyze these at-

titudes to fine-tune educational strategies and align them with learner preferences (Chiu, 2021). This ap-

proach ensures that blended learning techniques enhance the learning experience, supporting the goal of 

equipping students with skills for the digital age. The Community of Inquiry (CoI) framework supports this 

understanding by conceptualizing the online educational experience through social, cognitive, and teach-

ing presences, which are critical to creating a deep and meaningful learning experience. Incorporating tech-

nology in education offers advantages like enhanced social development, independent learning, better mo-

tivation, and increased network literacy (Kikalishvili, 2023; Stec et al., 2020). However, effective education 

a través de opiniones de expertos, asegurando su relevancia y adecuación. Para establecer la validez de constructo, se lle-
varon a cabo análisis factoriales exploratorios y confirmatorios. Los análisis refinaron la escala a 36 ítems distribuidos en 
una estructura de dos factores, con los primeros y segundos factores que comprenden 22 ítems positivos y 14 ítems nega-
tivos, respectivamente. Estos factores juntos representaron el 57.035% de la varianza total, indicando una representación 
significativa del constructo. La escala demostró una robustez estadística excelente, evidenciada por un valor de Kaiser-
Meyer-Olkin de .943 y una prueba de esfericidad de Bartlett significativa. Además, la confiabilidad de la escala se confirmó 
a través de un alfa de Cronbach de .847, subrayando su consistencia y estabilidad como herramienta de medición. Los re-
sultados afirman que la escala desarrollada es válida y confiable para medir las actitudes de los estudiantes de secundaria 
hacia el aprendizaje híbrido, proporcionando información valiosa para estrategias educativas e integración tecnológica. 
Esta escala equipa a los educadores y responsables políticos con una herramienta poderosa para adaptar enfoques edu-
cativos que mejoren el compromiso y los resultados de aprendizaje de los estudiantes en entornos de aprendizaje híbrido.

PALABRAS CLAVE  Aprendizaje híbrido; medición de actitudes; desarrollo de escalas; educación de secundaria.
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requires purposeful and strategic application of technology, involving educators, students, families, and 

administrators (Blau & Hameiri, 2017). Teachers must integrate technology into their strategies, and stu-

dents should take responsibility for their learning (ElSayary, 2023). Support from families and administra-

tors is also crucial (Khlaif et al., 2023).

Despite the growing importance of blended learning, there remains a significant gap in the research 

regarding robust measurement tools specifically designed to assess middle school students’ attitudes to-

wards blended learning methods. While numerous studies have explored the general perceptions within 

blended learning environments, they have largely overlooked the critical dimension of student attitudes 

(Banihashem et al., 2023; Niu et al., 2023; Olpak & Ateş, 2018; Peng et al., 2023). The attitudes of students 

towards blended learning are pivotal as they directly impact their engagement, motivation, and overall 

success in these environments (Ateş & Garzon, 2022, 2023). Positive attitudes are linked to enhanced learn-

ing experiences and outcomes, while negative attitudes can significantly hinder educational progress (Cao, 

2023). However, existing studies typically rely on subjective evaluations rather than rigorously validated 

measurement tools, resulting in inconsistent and unreliable data. This deficiency underscores the need for 

methodically developed tools that can provide accurate and actionable insights into students’ attitudes. 

Such tools are essential for educators to effectively tailor and optimize blended learning environments, 

ensuring they cater to the diverse needs and preferences of students.

The study aims to address this gap by developing and validating an attitude scale specifically 

for middle school students engaged in blended learning. This scale is intended to measure students’ 

perceptions accurately, thereby informing the adaptation and enhancement of teaching strategies to 

improve educational outcomes. Providing educators with a reliable tool to assess attitudes towards 

blended learning is critical for integrating educational technology more effectively and for advancing 

pedagogical practices.

Research Questions:

1.	 How reliable is the newly developed attitude scale for measuring middle school students’ 
perceptions of blended learning? 

This question is crucial as reliability determines the consistency of the scale across different contexts 

and samples. Establishing reliability is fundamental to ensuring that the scale produces stable and 

repeatable results, which is essential for its application in diverse educational settings.

2.	 Does the attitude scale exhibit valid construct representation for attitudes toward blended 
learning among middle school students? 

This question seeks to validate the scale’s effectiveness in capturing the complex attitudes students 

hold towards blended learning. Validity is key to confirming that the scale accurately measures the 

constructs it purports to measure, thereby providing meaningful and trustworthy data that can 

guide educational decisions and strategies.
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2. LITERATURE REVIEW
Blended learning, also known as hybrid learning, is an educational approach that seamlessly integrates 

traditional face-to-face classroom instruction with online learning components to create a balanced ed-

ucational experience (Dangwal, 2017). This method combines the engaging and personalized aspects of 

in-person teaching with the flexibility and accessibility of online formats (Singh et al., 2021). Key aspects 

of blended learning include direct student-instructor interactions essential for engagement and feedback; 

online learning materials such as multimedia lectures, interactive simulations, and digital textbooks that 

students can access at their convenience; interactive technologies like discussion forums, blogs, and col-

laborative platforms that foster active learning and teamwork; and a variety of assessment methods that 

provide both traditional and immediate digital feedback (Armellini et al., 2021; Ateş, 2024; López-Pellisa et 

al., 2021). This holistic approach ensures that blended learning adapts to diverse learning styles and needs, 

enhancing both the effectiveness and reach of educational programs.

In the evolving landscape of blended learning, a variety of studies have enriched our understanding 

of the factors that influence its effectiveness and acceptance, guiding the development of comprehensive 

items for a new scale intended to measure these elements. One of them conducted by Akkoyunlu and Yıl-

maz-Soylu (2008) developed a refined scale consisting of 50 items, revealing two principal components that 

elucidate learners’ views on blended learning and its implementation. This scale underscores the complex-

ity levels of the learning process and the nuanced views of learners towards blended modalities, setting a 

precedent for comprehensive scale development in this educational context. Building on these insights, 

Bervell et al. (2021) constructed the Blended Learning Acceptance Scale (BLAS) which integrates percep-

tions of both LMS-based online learning and face-to-face components. Their research highlights the need 

for a holistic approach to measuring blended learning acceptance, reflecting both digital and traditional 

educational experiences. Furthermore, Bhagat et al. (2023) employed exploratory and confirmatory factor 

analysis to develop a scale that captures three dimensions of blended learning experiences among students 

in Malaysia: course design, learning experience, and personal factors. This robust validation ensures that the 

scale reliably reflects varied aspects of student interaction with blended learning environments. In a similar 

vein, Lazar et al. (2020) introduced a multidimensional scale focusing on the acceptance of digital technolo-

gy in blended learning contexts. Their work emphasizes the role of familiarity with digital tools, identifying 

it as a significant factor influencing learners’ engagement with technology in blended settings. The study by 

Han and Ellis (2020) highlighted the importance of understanding student perceptions in blended learning 

environments. They developed the Perceptions of the Blended Learning Environment Questionnaire (PB-

LEQ), which is distinguished by its bifactor model assessing integration between different learning modali-

ties and the specific contributions of online components. Lastly, Çemçem et al. (2024) addressed the need 

for assessing teachers’ readiness for blended learning. Their scale, derived from exploratory and confirma-

tory factor analysis, reflects a nuanced understanding of the pedagogical, technological, and adaptive skills 

required for effective blended teaching. These studies collectively underscore the multifaceted nature of 

blended learning environments. They reveal that effective assessment tools must not only address the tech-

nological aspects but also the pedagogical and interpersonal dynamics that influence both learners’ and 

instructors’ experiences. The comprehensive scales developed in these studies provide a robust framework 
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for evaluating the effectiveness of blended learning implementations and offer insights that could guide 

future enhancements in this educational paradigm. 

To integrate findings from the aforementioned studies into a coherent framework for item formation in 

a new blended learning scale, Table 1 was presented, aligning specific research findings with corresponding 

scale items.

TABLE 1. Systematic Alignment of Research Insights with Scale Item Development for Blended Learning

STUDY AUTHORS KEY FINDINGS INFLUENCED SCALE ITEMS

Akkoyunlu & Yılmaz-
Soylu (2008)

Identified two principal components crucial for 
understanding learners’ views on blended learning.

Items to assess learners’ perceptions of the 
complexity and effectiveness of blended learning 
integration.

Bervell et al. (2021)
Developed BLAS to combine both LMS-based and 
face-to-face learning acceptance.

Items that measure acceptance and adaptability 
to both online platforms and traditional classroom 
settings.

Bhagat et al. (2023)
Explored three dimensions: course design, learning 
experience, and personal factors affecting blended 
learning.

Items covering course structure, interactive 
elements, and personal engagement with blended 
learning courses.

Lazar et al. (2020)
Extended Technology Acceptance Model to include 
familiarity with digital tools and their impact on 
blended learning acceptance.

Items to evaluate familiarity with and attitudes 
towards various digital tools used in blended 
learning.

Han & Ellis (2020)
Developed PBLEQ focusing on integration between 
learning modalities and the contributions of online 
components.

Items assessing the integration effectiveness and 
student perceptions of online contributions to 
learning outcomes.

Çemçem et al. 
(2024)

Assessed teachers’ readiness for blended learning, 
emphasizing pedagogical, technological, and 
adaptive skills.

Items designed to gauge teacher preparedness 
and competency in managing blended learning 
environments.

3. MATERIAL AND METHOD

3.1. Study Group

The study sample comprised 259 seventh-grade students enrolled in a public school in Izmir in Turkey dur-

ing the 2018-2019 academic year. These participants were chosen through the convenience sampling meth-

od, a technique favored for its efficiency and practicality. This method enables researchers to quickly gather 

data from a readily available subset of the population, thereby facilitating the timely progression of the 

study without compromising the validity of the results (Çobanoğlu & Demir, 2023). 

3.2.  Scale Development Process

This research aimed to accurately gauge middle school students’ attitudes towards blended learning meth-

ods through a meticulously crafted scale developed in five comprehensive phases.
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3.2.1. Item Formation Phase

The item formation phase initiated this process by conducting an extensive review of the literature on blend-

ed learning methods to establish a solid theoretical foundation. Central to this foundation was the Commu-

nity of Inquiry (CoI) framework, which identifies three pivotal elements—social presence, cognitive presence, 

and teaching presence—as essential to fostering a meaningful and effective educational experience in blend-

ed learning environments. The application of the CoI framework guided the development of the scale’s items. 

For social presence, the scale included questions designed to assess students’ perceptions of their connect-

edness and social integration within the blended learning environment. These items explored aspects such 

as the sense of community, ease of interaction with peers, and students’ comfort levels in expressing them-

selves in virtual settings. In assessing cognitive presence, the scale focused on how students construct and 

confirm meaning through reflection and discourse. Items were crafted to measure the depth of engagement 

with the content, the quality of critical thinking displayed, and the ability to integrate and apply the knowl-

edge gained in a blended setting. Teaching presence was evaluated through items that examined the design, 

organization, facilitation, and direction of the educational activities and content delivery. This included as-

sessing the effectiveness of instructional methods and the level of educator support provided in both online 

and face-to-face components of blended learning. The insights gained from these theoretical and practical 

considerations were transformed into a preliminary set of 42 distinct items. These were designed to capture 

a broad spectrum of student attitudes towards blended learning methods, incorporating both positively and 

negatively framed items to ensure a balanced representation of student perspectives. This comprehensive 

approach ensures that the developed scale robustly addresses the multifaceted nature of blended learning 

as outlined by the CoI framework, providing a powerful tool for assessing the efficacy of blended learning 

environments in supporting effective educational experiences for middle school students.

3.2.2. Expert Opinion and Item Refinement

The development of the attitude scale commenced with an extensive review by a panel of experts across 

fields such as science education, measurement and evaluation, and linguistics. This critical phase was de-

signed to ensure the content validity of the initial 42-item draft, aligning each item with the specific require-

ments of assessing attitudes within blended learning contexts. Experts conducted a thorough analysis of 

each item, focusing on their relevance, clarity, and alignment with the overarching goals of the study. This 

rigorous review process led to the refinement of the scale by removing six items that were deemed redun-

dant or not adequately aligned with the scale’s objectives. The remaining 36 items were structured into 

a 5-point Likert scale, ranging from “strongly agree” to “strongly disagree,” which is a widely recognized 

method for measuring attitudes. This format allows for a nuanced capture of responses, facilitating a de-

tailed analysis of students’ attitudes towards blended learning. This revised scale provides a robust tool for 

accurately gauging and interpreting diverse educational outcomes in blended learning settings.
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3.2.3. Pre-Application and Scale Testing

Subsequently, the refined scale underwent a pre-application phase where it was administered to a select 

group of 14 middle school students. This phase was crucial for initial real-world testing of the scale’s practical 

application, ensuring the items were understandable and relevant to the target demographic. The feedback 

received was instrumental in making final adjustments to the scale, optimizing it for broader application.

3.2.4. Comprehensive Application and Data Collection

The scale was then administered to a larger cohort of 267 students, ensuring comprehensive data collection 

from 259 participants. This phase was critical for assessing the scale’s effectiveness in a real educational 

setting, emphasizing the importance of the study and engaging students to ensure sincere and thoughtful 

responses. Such extensive data collection not only reinforced the scale’s practical utility but also its capacity 

to capture a wide array of attitudes towards blended learning. 

3.2.5. Analysis of Data

The data analysis process was meticulously structured to assess and establish the construct validity of the 

newly developed attitude scale through Analysis . Factor analysis is a statistical method used to identify 

underlying relationships between measured variables (Kline, 2014). It reduces a large number of variables 

into fewer numbers of factors. Factors are essentially latent variables that represent clusters of related items 

within the dataset. These factors help in understanding the structure of the data and in identifying patterns 

that are not immediately apparent (Bartholomew et al., 2011).

Initially, the suitability of the data for factor analysis was confirmed by the Kaiser-Meyer-Olkin (KMO) 

measure, which yielded a coefficient suggesting excellent sampling adequacy, and Bartlett’s Test of Sphe-

ricity, which indicated significant correlations among the items. This preliminary analysis set the stage for 

a more detailed exploration using Principal Component Analysis (PCA) with varimax rotation which is a 

statistical technique used to simplify the interpretation of factor analysis results by maximizing the vari-

ance of squared loadings of a factor across variables, making the structure clearer and more interpretable 

(Abdi, 2003). This step was crucial to discerning the underlying structures within the data, culminating in 

the identification of a robust two-factor structure that effectively delineated the diverse dimensions of 

students’ attitudes towards blended learning. The factors extracted during this phase were rigorously val-

idated to ensure their relevance and reliability. The internal consistency of each factor was quantitatively 

supported by high Cronbach’s alpha values of .967 for the first factor and .923 for the second, indicating 

excellent reliability. These factors were further scrutinized through item test-total correlation and item 

discrimination analyses, which are pivotal in evaluating how well each item contributes to the overarch-

ing construct measured by the scale. The meticulous examination of these values not only reinforced the 
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scale’s reliability but also its validity in capturing nuanced aspects of students’ perceptions and attitudes. 

This comprehensive approach to data analysis ensured that the scale developed provides reliable, valid 

insights that are crucial for educators and researchers who aim to tailor and enhance blended learning 

strategies effectively. The integration of these rigorous analytical methods underscores the robustness 

of the scale, offering a dependable tool for assessing middle school students’ attitudes towards blended 

learning and informing the development of more effective educational practices. 

3.3. Compliance with Ethical Rules

Ethical principles and rules were followed at all stages of this research. Manisa Celal Bayar University Science 

Research Ethics Committee approved that the study was ethically convenient as of protocol Nr. 07/11/2018-

E.95399. Aforementioned document related to ethics committee approval is presented in Appendix.

4. RESULTS

4.1. Item Analysis 

The item analysis was conducted to ensure that each item on the scale effectively discriminates between 

respondents with high and low attitudes toward blended learning. This is crucial for validating the scale’s 

effectiveness in capturing the nuanced perceptions of middle school students regarding blended learning. 

Following a method recommended by Tavşancıl (2006), we compared the average scores assigned to each 

item by the top 27% and the bottom 27% of respondents. Specifically, the highest scoring 70 students (ap-

proximately 27% of the 259 participants) were compared with the lowest scoring 70 students. This tech-

nique helps determine if the items are sensitive enough to capture variations in student attitudes, a pivotal 

aspect of the scale’s utility. To achieve this, the independent groups t-test was used due to the statistical 

independence between the upper and lower scoring groups, allowing for a clear assessment of differences 

in responses. As shown in Table 2, all items on the scale exhibited significant levels of discrimination, indi-

cating that they effectively distinguish between high and low scorers. This high level of item discrimination 

is essential for confirming the scale’s reliability and validity, ensuring it accurately measures students’ atti-

tudes toward blended learning. By validating the effectiveness of each item, this analysis directly supports 

the first research question regarding the reliability of the newly developed attitude scale. The consistent 

high discrimination of items demonstrates the scale’s capability to reliably differentiate between varying 

levels of student attitudes, ensuring robust measurement. The second research question, which concerns 

the scale’s validity in representing attitudes toward blended learning, is addressed through the comprehen-

sive item analysis combined with factor analysis. The significant discrimination levels observed for each 

item ensure that the scale accurately captures the intended constructs, providing a valid measure of stu-

dents’ attitudes toward blended learning.
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TABLE 2. Results of item analysis regarding the blended learning methods

ITEM NUMBERS
Lower group Upper group

t sub-upper (%27)
M SD M SD

Item 1 3.558 .936 4.985 .121 12.456

Item 3 3.088 .973 4.970 .170 15.710

Item 4 2.647 1.075 4.926 .314 16.771

Item 6 1.176 .621 2.695 .944 11.107

Item 7 3.250 .853 4.970 .170 16.312

Item 8 3.470 1.071 4.941 .293 10.915

Item 10 3.044 .904 4.838 .535 14.069

Item 11 3.250 1.070 5.000 .000 13.483

Item 12 3.044 .921 4.970 .170 16.956

Item 15 2.882 .970 4.867 .341 15.918

Item 16 2.941 .861 4.897 .391 17.037

Item 20 2.867 1.063 4.911 .333 15.119

Item 22 3.088 .988 4.985 .121 15.707

Item 23 3.323 .761 4.926 .262 16.402

Item 25 2.794 1.030 4.926 .262 16.537

Item 26 2.764 .899 4.882 .406 17.689

Item 28 2.970 .913 4.985 .121 18.024

Item 29 2.926 .966 4.985 .121 17.423

Item 31 3.411 1.025 4.970 .170 12.365

Item 34 2.808 1.011 4.941 .293 16.700

Item 35 2.985 1.085 4.970 .170 14.896

Item 36 3.161 1.153 4.985 .121 12.959

Item 2 3.970 .845 4.705 .490 6.201

Item 5 2.205 .955 1.455 .656 5.337

Item 9 3.514 1.139 4.750 .436 8.349

Item 13 3.779 .990 4.794 .407 7.815

Item 14 3.779 .959 4.794 .407 8.027

Item 17 3.589 1.271 4.475 1.23 5.603

Item 18 3.948 .981 4.776 .674 6.272

Item 19 3.573 1.012 4.735 .613 8.094

Item 21 3.808 .950 4.661 .682 6.011

Item 24 3.691 .981 4.705 .520 7.535

Item 27 3.948 1.121 4.734 .608 7.624

Item 30 3.529 1.085 4.764 .427 8.732

Item 32 3.470 1.177 4.794 .407 8.758

Item 33 3.426 1.200 4.735 .613 8.003

M: Mean, SD: Standard Deviation, Significance Level: p<.05
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4.2. Exploratory Factor Analysis (EFA)

EFA was utilized to reassess and refine the structure of our scale by examining the interrelationships among 

the scale items. To verify the appropriateness of conducting an EFA, the KMO measure and the Bartlett’s 

Test of Sphericity were employed. These tests are crucial for assessing the adequacy of sample size and 

the suitability of the data for factor analysis. The KMO test, which measures sampling adequacy, returned a 

value of 0.943, suggesting an excellent fit for factor analysis as values closer to 1 indicate more suitable data 

for structure detection. Typically, a KMO value above 0.90 is considered excellent, while values below 0.50 

are deemed unacceptable for a reliable factor analysis. Furthermore, the Bartlett’s Test of Sphericity, which 

assesses the hypothesis that the variables are unrelated in the population, confirmed that the variables are 

sufficiently correlated for EFA. The significance of the chi-square statistic from this test was very high (χ2 

= 1693.582, p<.000), strongly indicating that the data do not arise from a multivariate normal distribution 

where the variables are independent.

Upon confirming data suitability, principal components analysis was conducted, utilizing the varimax 

rotation. The rotation clarified the factor structure, enabling us to isolate and interpret the primary dimen-

sions represented by the scale items. This methodological approach ensured that the derived factors were 

both statistically robust and meaningful, reflecting coherent underlying constructs that the scale aims to 

measure (see Table 3).

Following the execution of the factor analysis, two distinct factors emerged, each with eigenvalues exceed-

ing 1. According to established analytical standards, the presence of factors that cumulatively explain at least 

two-thirds of the total variance in the data is indicative of their significance within the model. This threshold is 

crucial as it helps identify the most impactful factors that encapsulate the core dimensions being measured by 

the scale. The eigenvalues of these identified factors, alongside their respective contributions to the explained 

variance, effectively delineate the underlying constructs captured by the scale (see Table 4). 

TABLE 3. KMO and BS tests towards blended 
learning methods attitude scale

KMO value
BS test values

χ2 df p

.943 1693.582 593 .000*

Note. p< .000 (significance value), df: degree of freedom

TABLE 4. Characteristics of factors

 Factor Factor eigenvalues Variance Total variance

Factor 1 16.736 46.488%
57.035%

Factor 2 3.641 10.704%

The strength of the factor structure of the scale is directly proportional to the size of the variance ratios 

derived from the analysis. A robust factor structure is indicated by higher variance ratios, which demon-

strate that the factors identified capture a significant proportion of the total variance in the dataset. Gener-

ally, a variance ratio falling within the range of 40% to 60% is deemed sufficient. This range suggests that the 

factors adequately represent the underlying constructs without overfitting the data, thereby ensuring that 

the scale is both effective and efficient in measuring the intended attributes. 
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TABLE 5. Factor loadings of scale items

SCALE ITEMS
FACTOR LOADINGS

FACTOR 1 FACTOR 2

Item 1 0.759

Item 3 0.818

Item 4 0.785

Item 6 0.762

Item 7 0.789

Item 8 0.602

Item 10 0.629

Item 11 0.759

Item 12 0.807

Item 15 0.723

Item 16 0.782

Item 20 0.773

Item 22 0.701

Item 23 0.701

Item 25 0.825

Item 26 0.789

Item 28 0.856

Item 29 0.847

Item 31 0.647

Item 34 0.746

Item 35 0.776

Item 36 0.790

Item 2 0.563

Item 5 0.483

Item 9 0.785

Item 13 0.787

Item 14 0.740

Item 17 0.834

Item 18 0.748

Item 19 0.711

Item 21 0.664

Item 24 0.734

Item 27 0.855

Item 30 0.699

Item 32 0.808

Item 33 0.773
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As detailed in Table 5, the scale comprises 36 items, with 22 categorized as positive and 14 as negative. 

The factors have been named according to the predominant sentiment of the items they include, which 

simplifies the interpretation and discussion of the scale’s structure. Specifically, the first factor is labeled 

“Positive” and includes items 1, 3, 4, 6, 7, 8, 10, 11, 12, 15, 16, 20, 22, 23, 25, 26, 28, 29, 31, 34, 35, and 36. The 

second factor, labeled “Negative,” encompasses items 2, 5, 9, 13, 14, 17, 18, 19, 21, 24, 27, 30, 32, and 33.

To further enhance the clarity and utility of the item categorization, the scale items have been grouped 

into three key dimensions: “Engagement,” “Usefulness,” and “Ease of Use.” These dimensions were chosen 

to represent the primary areas of interest in evaluating students’ attitudes towards blended learning. En-

gagement assesses how blended learning environments affect students’ involvement and interaction in the 

learning process. Items in this category measure aspects such as student participation, motivation, and the 

extent to which blended learning fosters active learning. Positive engagement items include statements like 

“I greatly enjoy studying the lesson with the blended learning methods” and “My desire to learn increases in 

the lesson taught with the blended learning methods.” Negative engagement items include statements like 

“I am afraid of failing the lesson taught with the blended learning methods” and “I find the teaching of the 

lesson with the blended learning methods boring.” Usefulness evaluates the perceived benefits and effec-

tiveness of blended learning methods in enhancing educational outcomes. This includes how well blend-

ed learning supports academic achievement, facilitates understanding of course material, and contributes 

to skill development. Positive usefulness items include statements like “I think the lesson taught with the 

blended learning methods is useful” and “I think that the information I learned in the lesson taught with the 

blended learning methods will last permanently.” Negative usefulness items include statements like “I have 

difficulty in understanding the lesson taught with the blended learning methods” and “I do not think that 

the lesson taught with the blended learning methods is useful.” Ease of Use captures students’ perceptions 

of how user-friendly and accessible the blended learning tools and platforms are. Items in this category 

address the technological aspects, such as the ease of navigating online resources and the overall usability 

of the blended learning system. Positive ease of use items include statements like “I think that the lesson 

taught with the blended learning methods is understandable” and “Teaching the lesson with blended learn-

ing methods increases my motivation.” Negative ease of use items include statements like “I find it difficult 

to follow the lesson taught with the blended learning methods” and “I find it difficult to communicate with 

my friends in the lesson taught with the blended learning methods.”

The examination of factor loadings elucidates the variability in the correlation of scale items with the 

identified factors, providing a foundational assessment for optimizing blended learning strategies. Items 

with higher loadings, such as Item 28 (0.856) and Item 29 (0.847), demonstrate robust correlations with 

positive perceptions toward blended learning. This correlation aligns with educational frameworks like the 

Community of Inquiry, which emphasizes the importance of cognitive presence for meaningful learning ex-

periences. Conversely, items exhibiting the lowest loadings, such as Item 5 (0.483) and Item 2 (0.563), may 

indicate aspects that are perceived as less central to, or less effectively captured within, student percep-

tions of blended learning. For instance, the lower loadings of items related to technical ease of use suggest 

that these elements, while important, may not directly impact students’ overall attitudes as prominently 

as other dimensions. This variance underscores potential areas for refining the scale, particularly in terms 

of improving how these items are formulated or contextualized to better resonate with core educational 
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constructs. Statistically, the disparity in loadings, ranging from very high to moderately low, supports a 

robust factor structure of the scale, affirming its capacity to differentiate between the influential and less 

impactful aspects of blended learning experiences. This statistical validation is further enhanced by theo-

retical underpinnings, providing a nuanced understanding that not only corroborates the scale’s construct 

but also aligns closely with blended learning theories that advocate for a balanced integration of online and 

face-to-face educational components.

4.3. Confirmatory Factor Analysis

The outcomes of Confirmatory Factor Analysis (CFA) provided a robust examination of the model’s struc-

ture through the modification indices, which suggest possible adjustments for improving model fit. Addi-

tionally, the compatibility of the model with the empirical data was quantified through various fit indices 

detailed in Table 6.

TABLE 6. Findings related to CFA

INDEX PERFECT FIT CRITERIA ACCEPTABLE FIT CRITERIA RESEARCH FINDING RESULT *

Χ²/df  0 ≤ χ²/df ≤ 3 3 ≤ χ²/df ≤ 5 2.84 Perfect Fit

GFI .95 ≤ GFI ≤ 1.00 .90 ≤ GFI ≤ .95 0.91 Acceptable Fit

CFI .95 ≤ CFI ≤ 1.00 .90 ≤ CFI ≤ .95 0.93 Acceptable Fit

NFI .95 ≤ NFI ≤ 1.00 .90 ≤ NFI ≤ .95 0.92 Acceptable Fit

AGFI .90 ≤ AGFI ≤ 1.00 .85 ≤ AGFI ≤ .90 0.87 Acceptable Fit

RMSEA .00 ≤ RMSEA ≤ .05 .05 ≤ RMSEA ≤ .10 0.086 Acceptable Fit

SRMR .00 ≤ SRMR ≤ .05 .05 ≤ SRMR ≤ .08 0.076 Acceptable Fit

Note. *Baumgartner & Homburg (1996); Bentler (1980); Kline (2023); Hu & Bentler (1999)

In this study, a p-value of .000 (p<.05) indicated a significant difference between the expected and ob-

served covariance matrices. The fit indices for the Confirmatory Factor Analysis (CFA) were evaluated to 

ensure the model’s validity. The chi-square (χ²) fit statistic showed a ratio of 2.84 to the degrees of freedom, 

indicating a perfect fit, as values below 3 and 5 suggest perfect and good fits, respectively (Kline, 2023). The 

Goodness of Fit Index (GFI) was 0.91, suggesting a perfect fit since values close to 1 indicate a good fit. The 

Comparative Fit Index (CFI) value of 0.93 indicated an acceptable fit, with values between 0.90-0.95 consid-

ered acceptable (Hu & Bentler, 1999; Tabachnick & Fidell, 2001). Similarly, the Normed Fit Index (NFI) was 

0.92, which also signifies an acceptable fit, as values between 0.90-0.95 are acceptable (Kline, 2005). The 

Standardized Root Mean Square Residual (SRMR) value was 0.076, showing an acceptable fit as values close 

to 0 indicate a good fit. The Adjusted Goodness of Fit Index (AGFI) was 0.87, indicating an acceptable fit. Last-

ly, the Root Mean Square Error of Approximation (RMSEA) value was 0.086, demonstrating an acceptable fit, 

with values between 0.05 and 0.10 being acceptable (Hu & Bentler, 1995; Kline, 2014). These results confirm 

that the model fits the data well, with all indices within acceptable ranges.
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The path diagram for the blended learning methods attitude scale in the CFA model is shown in Figure 

3. This diagram illustrates the model’s structure, including factor loadings and common factor variances 

for each item. The strong factor loadings indicate a robust goodness of fit, suggesting the items effectively 

measure the intended constructs. The diagram visually reinforces the analytical findings, providing a clear 

overview of the scale’s structural validity and cohesive factor associations.

FIGURE 3. Path diagram of the blended learning methods attitude scale for the CFA model

4.4. Reliability Analysis

4.4.1. Internal consistency reliability-Cronbach’s α coefficient

The resulting Cronbach’s α values were analyzed for both the individual subscales and the entire scale. 

These values have been systematically tabulated and are detailed in Table 7. The presentation of these 

values allows for a nuanced understanding of the reliability of each component of the scale as well as the 

scale as a whole, highlighting the scale’s overall ability to provide consistent and dependable results across 

various dimensions of the blended learning attitude construct.
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TABLE 7. Reliability analysis results of blended learning methods attitude scale (Cronbach’s α)

FACTOR Items Cronbach’s α

Factor 1 1, 3, 4, 6, 7, 8, 10, 11, 12, 15, 16, 20, 22, 23, 25, 26, 28, 29, 31, 34, 35, 36 .967

Factor 2 2, 5, 9, 13, 14, 17, 18, 19, 21, 24, 27, 30, 32, 33 .923

Total .847 

A Cronbach’s α value of 0.70 or higher is generally considered indicative of satisfactory reliability for scale 

scores, according to Cohen et al. (2007). Such a value confirms that the scale, along with its sub-dimensions, 

possesses robust internal reliability. This benchmark ensures that the items within the scale consistently 

measure the same underlying attributes, providing a reliable and stable gauge of the constructs intended to 

be assessed. When the Cronbach’s α meets or exceeds this threshold, it signals that the scale is dependable for 

educational and psychological assessments, reflecting a high degree of internal consistency among the items.

4.4.2. Consistency of the scale using Pearson correlation coefficients (r)

The results indicated that these relationships were predominantly significant, with p values less than 0.05, 

suggesting a statistically significant correlation at a conventional level of confidence. These findings, de-

tailed in Table 8, confirm that the scale items are not only closely related to their respective factors but also 

exhibit significant inter-correlations, reinforcing the scale’s conceptual coherence and the interdependence 

of its various elements.

TABLE 8. Pearson correlation of the relationships between factors and scale scores

FACTORS
Pearson correlation coefficients (r)

FACTOR 1 FACTOR 2 TOTAL

Factor-1 1 -.603** .868**

Factor-2 -.603** 1 -.132*

Total .868** -.132* 1

**Significance level: p<.01, *Significance level: p<.05

As detailed in Table 8, the correlation coefficient reveals a moderate negative consistency (r = -0.603) 

between the sub-factors, with statistical significance at the p < .01 level. This moderate negative correlation 

indicates that as scores on one factor increase, scores on the other factor tend to decrease, suggesting a 

divergent relationship between the constructs measured by these factors. Conversely, a high and positive 

correlation (r = .868) is observed between the first factor (Factor 1) and the overall scale score, also signifi-

cant at the p < .01 level. This strong positive relationship indicates that higher scores on Factor 1 are closely 

associated with higher overall scores on the scale, affirming Factor 1’s substantial influence on the scale’s 

composite score. Additionally, a negative but low-level significant correlation (r = -0.132) exists between the 

second factor (Factor 2) and the total scale score, significant at the p < .05 level. This suggests that Factor 2 

has a slight inverse relationship with the overall scale performance, though the impact is relatively minimal. 
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5. DISCUSSION 
This research significantly enhances our understanding of the blended learning methods by showcasing 

the diverse impacts of blended learning environments on student attitudes. The newly developed scale not 

only corroborates but also expands upon previous theoretical assertions, such as those proposed by Lazar 

et al. (2020) and Tzafilkou et al. (2021). It does so by meticulously quantifying the influence of specific ped-

agogical approaches within blended learning on the attitudinal dimensions of middle school students. The 

results reveal that perceptions of blended learning are multifaceted and considerably varied, highlighting 

the coexistence of both positive and negative attitudes towards these learning environments. This complex-

ity is crucial for extending theoretical frameworks and provides a nuanced view of how blended learning 

affects student engagement and learning outcomes (Bouilheres et al., 2020; Chiu, 2021; Fisher et al., 2021), 

suggesting that the educational impact of blended learning is not uniformly positive but rather dependent 

on a variety of interrelated factors.

Building on the nuanced understanding of student attitudes revealed in the previous analysis, these 

findings significantly inform the evolution of theoretical frameworks within the field of educational technol-

ogy and pedagogy (Fawns, 2022). The discovery of a two-factor structure encompassing both positive and 

negative attitudes toward blended learning environments underscores the need for future theoretical mod-

els to incorporate these dual dimensions. By acknowledging the complexity of student attitudes, educators 

and researchers can better predict and enhance student outcomes (Cao, 2023; Yu et al., 2022). This under-

standing could facilitate the design of targeted interventions aimed at amplifying positive attitudes and 

alleviating negative ones (Olpak & Ateş, 2018). Such strategic interventions are pivotal for cultivating more 

effective and adaptive learning environments that respond dynamically to the varied needs and percep-

tions of students. This approach not only complements the findings that attitudes towards blended learning 

are varied and complex but also leverages this insight to propose practical solutions aimed at optimizing 

educational outcomes (Ateş & Garzon, 2022).

Furthermore, the findings of this study provide concrete insights into the design and implementation of 

blended learning environments. By identifying key factors that influence student attitudes towards blended 

learning, such as engagement levels and the effectiveness of digital tools, we can directly inform the instruc-

tional design processes. This approach ensures that blended learning techniques are not only aligned with 

educational outcomes but are also responsive to the diverse needs of students. The development of the at-

titude scale, validated through this research, enables educators to fine-tune these environments, ensuring 

they are conducive to learning and growth. Thus, by integrating our findings with existing blended learning 

strategies, we can enhance the practical application of these instructional methodologies, fostering envi-

ronments that support both student engagement and academic success (Cigdem & Oncu, 2024).

Expanding on these practical insights, the research has incorporated specific attitudinal factors such as 

social interaction, technological ease of use, and pedagogical effectiveness into the attitude scale. This inte-

gration ensures that the scale accurately captures the essential elements that define the student experience 

in blended learning environments (Al-Maroof et al., 2022; Ohanu et al., 2023). These factors underscore the 

complexity of how students interact with and respond to blended environments, integrating both emotional 
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and cognitive responses with their social and technological contexts (Bizami et al., 2023). By exploring these 

deeper layers of influence, this study not only enhances our understanding of blended learning dynamics 

but also enriches the theoretical models used to interpret these phenomena. This refined understanding 

provides a foundation for designing more effective blended learning strategies that are comprehensively 

responsive to all dimensions of student experience, thus aligning closely with the practical applications 

discussed earlier and extending their impact on educational practice.

Building upon the concept of “attitudinal duality” and the complexities it introduces, the collective in-

sights from this study enhance our understanding of the dynamic impacts of blended learning. They lay a 

robust foundation for refining educational theories to more accurately reflect the intricacies of contem-

porary educational environments. This research challenges the current theoretical landscape by illustrat-

ing that the true impact of blended learning is not singular, but rather multifaceted and influenced by a 

constellation of interrelated factors. These include the balance of pedagogical approaches, the integration 

of technology, and the psychological well-being of students. By acknowledging these diverse and intercon-

nected elements, this study enriches existing theories, prompting a reevaluation of how blended learning 

environments are designed, implemented, and studied. This approach not only responds to the identified 

complexities but also suggests a pathway for future research and practice that is more aligned with the re-

al-world experiences of learners in digitally enhanced educational settings.

6. CONCLUSIONS
This study has significantly enhanced our understanding of middle school students’ attitudes towards 

blended learning by developing and validating a comprehensive attitude scale. The findings reveal the com-

plexity of student perceptions, encompassing both positive and negative attitudes, and emphasize the need 

for educational strategies that address these diverse views. The research contributes to both theoretical 

and practical aspects of blended learning, offering detailed insights into how such educational methods im-

pact student attitudes and suggesting ways to improve learning outcomes. The integration of educational 

psychology and instructional design principles provides a robust framework for future educational inter-

ventions and supports the ongoing evolution of blended learning practices. The study’s implications for 

educational policy and practice are clear: tailored educational interventions must consider both the psy-

chological and pedagogical aspects of student learning. This includes professional development for teach-

ers, effective feedback mechanisms, and psychological support for students in navigating the challenges of 

blended learning environments.

6.1. Limitations and future lines of research

This study provides valuable insights into middle school students’ attitudes towards blended learning, but 

it has certain limitations that future research should address. One major limitation is its reliance on a sin-

gle educational context, which may not represent all middle school environments or student populations. 

Future studies should broaden the geographical scope and include diverse educational settings to see if 

findings are consistent across different cultures and systems. The study’s cross-sectional design captures 
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attitudes at a specific point in time but does not account for how these attitudes might change as students 

and educational technologies evolve. Longitudinal studies could offer a more dynamic understanding of 

how attitudes towards blended learning develop over time, especially as students become more familiar 

with these practices. Potential bias in self-reported data is another limitation, as such data can sometimes 

reflect aspirational attitudes or be influenced by social desirability bias. Future research should use a mix 

of qualitative and quantitative methods, such as interviews or observations, to gain a deeper and more 

nuanced understanding of student attitudes and the factors influencing them. This study focused mainly 

on the cognitive and affective dimensions of student attitudes, without delving deeply into the behavioral 

aspect—how students actually engage with blended learning environments. Future research should explore 

this dimension to provide a comprehensive view of how attitudes align with actual behavior in blended 

learning contexts. Additionally, while the study identified key factors influencing student attitudes, it did not 

extensively examine the role of individual differences such as personal motivation, learning styles, and prior 

technological experience. These factors could significantly affect how students perceive and interact with 

blended learning environments. Future research should consider these personal attributes to tailor educa-

tional strategies that are not only effective but also personalized to meet the unique needs of each student.
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APPENDIX: The developed scale
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1 I think the lesson taught with the blended learning methods is useful.

2 I have difficulty in understanding the lesson taught with the blended learning methods. 

3 I greatly enjoy studying the lesson with the blended learning methods.

4 I can not wait to go to the lesson taught with the blended learning methods.

5 I am afraid of failing the lesson taught with the blended learning methods.

6 Teaching the lesson with the blended learning methods allows me to learn faster.

7 I think that the lesson taught with the blended learning methods is understandable.

8 I think the lesson taught with the blended learning methods is fun.

9 I find the teaching of the lesson with the blended learning methods boring. 

10 I like to share the information I learned in the lesson taught with the blended learning methods with others.

11 I like the lesson taught with the blended learning methods.

12 My desire to learn increases in the lesson taught with the blended learning methods. 

13 I get restless when the lesson taught with the blended learning methods.

14 Teaching the lesson with the blended learning methods reduces my interest in the lesson.

15 I do not notice time passing in the lesson taught with the blended learning methods.

16 Teaching the lesson with blended learning methods encourages me to do research.

17 I do not think that the blended learning methods is suitable for other lessons.
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18 I find it difficult to communicate with my friends in the lesson taught with the blended learning methods.

19 I do not like that the lesson is taught by BL.

20 The lesson taught with the blended learning methods allows me to demonstrate my own ability.

21 I am irritated that the lesson is taught with the blended learning methods.

22 I think I got the best out of the lesson taught with the blended learning methods.

23 I think that the information I learned in the lesson taught with the blended learning methods will last permanently.

24 I find it difficult to follow the lesson taught with the blended learning methods.

25 Teaching the lesson with blended learning methods increases my creativity.

26 My self-confidence increases in the lesson taught with the blended learning methods.

27 I am afraid of making mistakes in the lesson taught with the blended learning methods.

28 Teaching the lesson with blended learning methods increases my motivation.

29 My interest increases in the lesson taught with the blended learning methods.

30 I am not motivated in the lesson taught with the blended learning methods.

31 I think I will be successful in the lesson taught with the blended learning methods.

32 I do not think that the lesson taught with the blended learning methods is useful.

33 I think that the lesson taught with the blended learning methods is a waste of time.

34 I think that the lesson taught with the blended learning methods helped me develop socially.

35 I think I will get better grades in the lesson taught with the blended learning methods.

36 The lesson taught with the blended learning methods increases my curiosity.
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Evaluation of a scale on ICT knowledge 
applied to educational inclusion: 
A Graded Response Model approach
Evaluación de una escala sobre conocimiento de las TIC 
aplicadas a la inclusión educativa: Un enfoque desde el Modelo 
de Respuesta Graduada

ABSTRACT

The rapid advance of Information and Communication Technologies (ICT) represents a crucial challenge and opportunity 
for contemporary society. These tools have not only transformed the way people communicate and work, but have also 
redefined pedagogical paradigms, posing new demands and possibilities for education systems. The incorporation of the-
se resources in the classroom promotes educational equity and quality, preparing students with functional diversity for 
an increasingly digitalized world and favoring accessible, innovative and inclusive teaching-learning processes. The aim of 
this study is to evaluate a scale to measure prospective teachers knowledge of ICT applied to educational inclusion using 
the Graduated Response Model (GRM). A psychometric study was carried out on a non-probabilistic sample of 684 univer-
sity students of the Degree in Primary Education from different andalusian public universities, using a reduced version of 
the Knowledge Scale of ICT applied to people with disabilities by Cabero-Almenara et al. (2016). The data reflect significant 
diversity in participants knowledge of ICT applied to people with disabilities. In addition, the accuracy in estimating latent 
scores supports the validity of the measurement instrument. The results indicate that the scale used is not only effective in 
measuring the average knowledge of the participants, but it is also capable of detecting significant variations among indivi-
duals. Therefore, it is concluded that this scale is a useful predictive tool for identifying training deficiencies and designing 
training programs that respond to these needs.

KEYWORDS  GRM; diagnostic instrument; ICT; inclusion; initial teacher training.
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1. INTRODUCTION
The need to adapt to a constantly changing world, where Information and Communication Technologies 

(ICT) have a prominent relevance, is presented as one of the main goals of today’s society. Educational dig-

ital tools can be configured to provide learning resources at different levels of difficulty and in various for-

mats (audio, text, video, etc.), so as to ensure the principles of accessibility and adaptability so that each 

student can access the content in a way that is understandable and manageable, following the Universal 

Design for Learning approach (Parody-García et al., 2022; Vigo, 2021). In addition, technology plays a funda-

mental role in the development of digital and communication skills for students with functional diversity, 

while favoring their autonomy, motivation, academic performance and integral development. 

The integration of ICT in education has meant the reformulation of teaching approaches, establishing 

the updating of teaching and the modification of the curricula of future teachers as elementary factors to 

ensure that technologies have a positive impact on the teaching-learning processes of all learners, includ-

ing students with functional diversity (Moriña, 2020; Parra & Agudelo, 2020; Vigo, 2021). In this context, the 

United Nations Educational, Scientific and Cultural Organization [UNESCO] (2019) has presented a reference 

framework for teacher professional development with digital competences standards that allow countries 

to offer a comprehensive view of ICT in education, addressing them from six dimensions (understanding the 

role of ICT in education policy, curriculum and assessment, pedagogy, digital competences, organization 

and management, and teacher professional learning) in three progressive stages (knowledge acquisition, 

knowledge deepening and knowledge creation). These competences can be described as the combination 

of knowledge, skills and attitudes towards technologies that teachers must acquire and put into practice in 

RESUMEN

El rápido avance de las Tecnologías de la Información y la Comunicación (TIC) representa un desafío y una oportunidad 
crucial para la sociedad contemporánea. Estas herramientas no solo han transformado la manera en que las personas 
se comunican y trabajan, sino que también han redefinido los paradigmas pedagógicos, planteando nuevas exigencias 
y posibilidades para los sistemas de enseñanza. La incorporación de estos recursos en las aulas promueve la equidad y 
calidad educativa, preparando a los estudiantes con diversidad funcional para un mundo cada vez más digitalizado y fa-
voreciendo procesos de enseñanza-aprendizaje accesibles, innovadores e inclusivos. El objetivo de este estudio es evaluar 
una escala para medir el conocimiento de los futuros docentes sobre las TIC aplicadas a la inclusión educativa mediante el 
Modelo de Respuesta Graduada (MRG). Se ha llevado a cabo un estudio psicométrico sobre una muestra no probabilística 
de 684 estudiantes universitarios del Grado en Educación Primaria de diferentes universidades públicas andaluzas, utili-
zando una versión reducida de la Escala de Conocimiento de las TIC aplicadas a las personas con diversidad funcional de 
Cabero-Almenara et al. (2016). Los datos reflejan una diversidad significativa en el conocimiento de los participantes sobre 
las TIC aplicadas a personas con diversidad funcional. Además, la precisión en la estimación de las puntuaciones latentes 
respalda la validez del instrumento de medición. Los resultados indican que la escala empleada no solo es efectiva para 
medir el conocimiento promedio de los participantes, sino que también es capaz de detectar variaciones significativas 
entre individuos. Por tanto, se concluye que esta escala es una herramienta predictiva útil para identificar deficiencias 
formativas y diseñar planes de estudios que respondan a estas necesidades.

PALABRAS CLAVE  MRG; escala de medición; TIC; inclusión; formación inicial docente.
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order to optimize their professional work from a critical, creative, innovative and inclusive paradigm (Nation-

al Institute of Educational Technologies and Teacher Training [INTEF], 2022).

The development of technological skills in teachers should be promoted from their initial training, consid-

ering that this training should focus on an epistemological, theoretical and practical foundation that also con-

templates the acquisition of attitudinal and procedural competences focused on achieving quality inclusive 

education (Kerexeta-Brazal et al., 2022; Recio-Muñoz et al., 2020; Ripoll-Rivaldo, 2021). These competences, 

according to Almerich et al. (2020), are classified into technological competences, referring to the skills that 

enable the mastery of digital tools; pedagogical competences, which are related to the use of technological re-

sources to carry out training or academic tasks; and ethical competences, linked to the appropriate use of ICT.

The process of pedagogical innovation must transcend from the promotion of basic digital skills to the 

development of specific technological competences that favor the creation of optimal learning environments 

adapted to the needs, characteristics and interests of all students. Along these lines, Cabero-Almenara and 

Martínez (2019) point out that ICT training is gradual and takes time to consolidate the knowledge and skills 

needed to carry out innovative educational practices. 

Tejedor et al. (2009) argue that teachers can show different attitudes towards the use of ICT: interest in tech-

nology (technophilia) or, on the contrary, rejection of its use (technophobia). Hence the importance of making 

teachers aware of the importance of using ICT for didactic and inclusive purposes from their initial training. 

Several studies related to the integration of ICT in initial teacher education examine how content and train-

ing in digital competence are being addressed, share enriching experiences for the transformation of training 

practices and reflect on key changes to improve teacher education (Ari et al., 2022; Pinto-Santos et al., 2023).

Following an extensive review of the literature, a number of models on the development of teachers’ 

digital competences have been analyzed which emphasize that it is a progressive and multifaceted process. 

The most prominent of these are:

•	 Hooper and Rieber’s (1995) model: it envisages five phases in the process (familiarization as the 

initial stage of learning ICT outside the classroom, incorporation of what has been learned into the 

school context, integration as decision-making for technology-mediated activities, reconsideration of 

teaching praxis in terms of ICT possibilities and students’ needs/characteristics and, finally, continuous 

familiarization, which is based on the recognition that there are always new ICT solutions and the 

adoption of new decisions).

DIAGRAM 1. Hooper and Rieber’s model (1995)

•	 Krumsvik’s model (2014): determines four stages to achieve optimal digital competence (basic digital 

skills, ICT teaching skills, learning strategies ICT and digital construction).
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DIAGRAM 2. Krumsvik’s model (2014)

•	 Mishra and Koehler’s model (2006): this is a model that has gained some traction in recent years, 

known as Technological Pedagogical Content Knowledge (TPACK). It is based on the acquisition of 

three types of basic knowledge (technological, pedagogical and content knowledge). This approach 

argues that such knowledge should be acquired in combination (pedagogical content knowledge, 

knowledge of the use of technologies, technological pedagogical knowledge, and technological, 

pedagogical and content knowledge).

DIAGRAM 3. Mishra and Koehler’s model (2006)

Taking the aforementioned models as a reference, Cabero-Almenara and Martínez (2019) mention the 

following aspects to bear in mind in ICT teacher training: training actions should not be limited to tradition-

al approaches or focus solely on technological aspects, so they should be approached from different and 

transversal perspectives to be more effective; training should consider various dimensions (instrumental, 

semiological/aesthetic, curricular, pragmatic, psychological, producer/designer, selector/evaluator, critic, 

organizer, attitudinal, and researcher) and reflection on professional performance should be encouraged. 
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The teacher training framework should therefore include a series of competences that can be summa-

rized as follows: a predisposition towards cooperative work and curricular flexibility, technical and didactic 

management of ICT, attention to diversity, organizational skills and the ability to adapt to change (Almerich 

et al., 2020; Kerexeta-Brazal et al., 2022; Laitón et al., 2017). While it is true that teacher training in the knowl-

edge and appropriate use of ICT is essential, the importance of the provision of technological resources by 

educational institutions in order to offer innovative and inclusive education should not be overlooked (Gal-

lardo-Montes et al., 2023; Pegalajar, 2017).

The aim of this study is to evaluate an instrument (scale) to measure prospective teachers’ knowledge 

of ICT applied to educational inclusion using the Graded Response Model (GRM). More specifically, we set 

out the following specific objectives: O1) to evaluate the psychometric properties of the scale; and O2) to 

determine the effectiveness of the items in discriminating between different levels of knowledge.

This study is part of a larger research project analyzing teacher training in the development of digital 

competences applied to inclusive education (Parody-García, in press). 

2. MATERIAL AND METHOD
TABLE 1. Sample characteristics

Age: media=20.39 (D.T.=4.285).

Sex:
Male: 176

Female: 508

University 
of origin:

U. Granada: 161

U. Málaga: 476

Other Andalusian universities: 47

Acronyms: U.= University; T.D. = Standard Deviation

A research process has been carried out, sometimes 

considered within analytical designs (Colás-Bravo & 

Buendía-Eisman, 1998) although it undoubtedly cor-

responds to a psychometric study (Romero-Martínez 

& Ordóñez-Camacho, 2015) on a non-probabilistic 

sample of 684 university students of the Degree in 

Primary Education from different Andalusian pub-

lic universities (UMA, UGR, UAL, UJA, UCA, UCO, US, 

UHU). Table 1 shows the socio-demographic charac-

teristics of the sample.

Data collection was carried out during the 2022-2023 academic year, specifically during the months of 

January to June 2023. To this end, university teachers from different Andalusian public universities who 

teach different courses and groups of the Primary Education Degree were contacted by e-mail. A letter 

of introduction was sent to them detailing the purpose of the study and requesting their collaboration 

in order to distribute the questionnaire among their students (in the case of the University of Malaga, we 

attended the classes of the lecturers who showed their interest in the study and allowed them to spend 

some time in their session for the dissemination and completion of the questionnaire by the students). 

It should be noted that in the same link as the questionnaire, the informed consent document was at-

tached, in which the ethical principles and confidentiality of the research, as well as the rights of the 

participants, are included. 

The instrument used was a reduced version of the ICT Knowledge Scale applied to people with functional 

diversity by Cabero-Almenara et al. (2016), the purpose of which was to find out the level of training and 
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knowledge of students studying for a Primary Education Degree in Spain on this subject. Specifically, it 

was applied to a non-probabilistic sample of 533 university students from several Spanish universities 

(Universities of the Basque Country, Cantabria, Cordoba, Huelva, Alicante, Murcia, Malaga, Balearic Is-

lands, Santiago de Compostela, Jaen and Seville). The authors elaborated a Likert-type scale of 73 items, 

of which 18 refer to the technical-didactic mastery of different technologies and 55 are based on the as-

sessment of the use of ICT for people with functional diversity. In this article, we focus on the 12 general 

items of the latter group (see table 2).

The results of the study of these authors obtained a Cronbach’s alpha of 0.992 points and identified 6 

subscales that would explain 78.073% of the variance: general scale, visual scale, auditory scale, cognitive 

scale, motor scale and accessibility scale. These values can be consulted in the articles published by the 

authors (Cabero-Almenara et al. 2016) where they explain in detail the construction and validation process, 

including the goodness-of-fit indices of the models (e.g. KMO and similar) as well as the different analytical 

procedures from the Classical Test Theory (CTT).

Only the general scale has been used for this study as: a) it includes substantially fewer items, b) it pro-

vides a general measure of knowledge allowing it to be used as a screening test for an initial assessment, 

and c) the scale items are considered to be unidimensional (see table 2).

TABLE 2. General scale items

•	 V15: I have general knowledge about the possibilities that ICTs offer to people with disabilities.

•	 V16: I can select specific ICTs according to the physical, sensory and cognitive characteristics of different people.

•	 V17: I am able to provide information on the possibilities of ICT for the labor market integration of people with 
different types of disabilities.

•	 V18: I am aware of different books that are specifically dedicated to the analysis of the possibilities of ICTs for 
people with different types of disabilities.

•	 V19: I am aware of different educational experiences of applying ICT for people with different types of disabilities.

•	 V20: I am familiar with mobile applications in relation to subjects with special educational needs.

•	 V21: I am aware of the main limitations that may condition the use of ICT by learners with disabilities.

•	 V22: I know different places on the Internet where I can find educational materials for people with special 
educational needs.

•	 V23: In general, I feel prepared to help the student with certain disabilities in the use of technical aids and the use 
of ICT.

•	 V24: I can design activities with generalized educational software for learners with special educational needs.

•	 V76: I am aware of the problems and the importance of different types of disabilities for the use of ICT.

•	 V77: I consider myself competent in locating educational materials for learners with specific educational support 
needs on the web.

To achieve the proposed objectives, a psychometric analysis was carried out from the perspective of 

Item Response Theory or IRT (Baker & Kim, 2004; Van der Linden & Hambleton, 1997). This approach en-

compasses a series of models designed to explain the connection between an unobservable skill, trait or 

competence such as domain knowledge and its observable indicators, the responses given to a set of items. 
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Unlike TCT, which focuses on composite scores and linear regression, IRT focuses on response patterns and 

considers them in probabilistic terms. This approach takes into account:

•	 Item discrimination: the ability of an item to distinguish between individuals with different levels of 

knowledge.

•	 Item difficulty: the level of knowledge at which 50% of respondents are expected to answer an item 

correctly, indicating the probability of a correct response.

•	 Additional parameters: depending on the specific IRT model, parameters such as guessing probability 

may also be considered.

Assessing item difficulties is crucial to align the test with the knowledge levels of the target population 

and to ensure full coverage of the knowledge range. Therefore, IRT models offer several advantages over 

TCT models, such as allowing the construction of scales that differentiate optimally between high and low 

cognitive individuals, while allowing scales to have fewer items than other psychometric approaches. Thus, 

although IRT was developed on tests of dichotomous items, a generalization of the procedure for polyto-

mous items is available as the Graded Response Model (GRM), which was developed by Samejima (1969). 

Specifically, the following analyses have been carried out in this study using this GRM approach:

•	 Analysis of the unidimensionality of the scale: this is a preliminary step in the application of IRT 

models. This can be done in many different ways: exploratory factor analysis, principal component 

analysis, correspondence analysis, or even simply inter-item correlation (Rizopoulos, 2006). Among 

the different ways of analyzing unidimensionality, Principal Component Analysis was chosen (Chou 

& Wang, 2010; Wismeijer et al., 2008). For the assessment of model fit, the Root Mean Square of 

Residuals (RMSR) was taken into account, which always gives, whatever the estimated model and 

solution, a reference value of 0.05 (Harman, 1976); the Tucker-Lewis Index (TLI), where values above 

0.95 indicate a good fit (Bentler, 1990); and the root mean square error of approximation (RMSEA), 

where values less than 0.05 indicate a good model fit and values up to 0.08 represent a reasonable 

error of approximation to the population (Browne & Cudeck, 1993). For a detailed discussion of these 

issues, see Ferrando et al. (2022). These values should be interpreted in context with the nature of the 

data, being considered as a whole and in relation to the construct or theoretical model (Lorenzo-Seva 

et al., 2011). In this way, the cut-off points established by the authors are benchmarks that provide 

guidance on goodness of fit and are interpreted flexibly (Lai & Green, 2016).

•	 Parameter estimation for each item: discrimination and difficulty parameters were estimated for each 

item, including response thresholds to determine the corresponding proficiency levels.

•	 Assessment of model goodness-of-fit: model fit was verified using indices such as log-likelihood, Akaike 

Information Criterion (AIC) and Bayesian Information Criterion (BIC), ensuring model fit to the data.

•	 Information function analysis: the information function of the test was analyzed to assess the precision 

of the estimates along the latent trait continuum, identifying the areas of highest precision.

•	 Review of bivariate margin calls: bivariate margin calls were reviewed to identify problems of fit 

between pairs of items, highlighting those with a significant lack of fit.
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It should be noted that the ltm package (Rizopoulos, 2006) implemented in R (R Core Team, 2022) was 

used for the entire analysis.

3. RESULTS
In the following sub-sections, the results are organised on the basis of the objectives defined in this study.

3.1. To assess the psychometric properties of the scale

As noted above, a preliminary step in applying IRT is the verification of the assumption of unidimensionality. 

On this occasion, this phase was started with a principal component analysis (PCA) followed by an explorato-

ry factor analysis (EFA). The suitability of the data set for these procedures was assessed by means of the Kai-

ser-Meyer-Olkin KMO test (which was 0.94) and Bartlett’s test of sphericity (which was statistically significant 

X²=5249.695 with 66 degrees of freedom, being p<.001), thus supporting the application of these analyses. 

In this study, with the sample under analysis, the PCA results show that the first principal component (PC1) 

explains 57% of the total variance of the items. The items have standard loadings on the first component 

ranging from 0.58 to 0.83, suggesting a good contribution of most of the items to the unidimensional factor. 

The root mean square root of residuals (RMSR) value was 0.08, with a chi-square of 517.92 and a probability 

p <.001, indicating that a one-component model provides a basic, but reasonably adequate.

To complement the PCA, an exploratory factor analysis (EFA) was conducted using the least squares 

method. The results of the EFA indicate that the first factor explains 53% of the total variance, with a sum of 

squared loadings of 6.41. The factor loadings of the items in the first factor vary between 0.54 and 0.82, which 

confirms a good contribution of the items to the unidimensional factor. On the other hand, the RMSR was 

0.06, with an empirical chi-square of 380.16 and a probability p < .001, while the Tucker Lewis fit index (TLI) 

was 0.853 and the RMSEA index was 0.13, with 90% confidence intervals between 0.121 and 0.139. These re-

sults suggest that the fit is mediocre, however, it is assumed to be useful to the extent that: the 2-component 

model presented a worse fit, the deviations from the optimal cut-off points are not extreme, and further-

more, the model is consistent with the theoretical validity of the original instrument.

3.2. Determine the effectiveness of the items in discriminating between different levels 
of knowledge

In addition, a categorical principal components analysis (Princals) was performed to examine the structure 

of the items. The results show that the first eigenvalue is 6.91, confirming the existence of a dominant factor 

that explains a significant part of the variance. The loss value was 0.668 after 27 iterations, indicating good 

convergence of the model. However, it can be observed in Figure 1 that two variables (V76 and V77) move 

away from the rest, which could suggest that these items affect the lack of a better model fit.
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FIGURE 1. Categorical principal componentsIn any case, this evidence indicates that 

unidimensionality of the scale cannot be 

ruled out and the use of Item Response Theo-

ry (IRT) models is justified.

The Graded Response Model (GRM) was 

fitted to the data to assess the psychometric 

properties of the scale. The maximum like-

lihood indices (log., Lik= -11699.62 ; g.l=84) 

AIC (23567.24) and BIC (23947.59) indicate 

that the model fits the data adequately, 

maintaining a balance between accuracy 

and model complexity.

Table 3 shows the estimated parameters 

for each item, including discrimination values 

(Dscrmn) and response category thresholds 

(Extrmt).

TABLE 3. Parameters of MRG items

Item Discrimination Threshold 1 Threshold 2 Threshold 3 Threshold 4 Threshold 5 Threshold 6

V15 1.633 -2.213 -1.179 -0.383 0.457 1.398 2.420

V16 2.432 -1.302 -0.481 0.109 0.813 1.639 2.345

V17 2.668 -1.198 -0.407 0.274 0.857 1.566 2.420

V18 2.216 -0.021 0.610 1.063 1.660 2.252 2.947

V19 2.756 -0.765 -0.035 0.506 1.139 1.749 2.720

V20 2.287 -0.692 0.026 0.510 1.126 1.845 2.776

V21 2.469 -1.153 -0.287 0.338 0.955 1.628 2.370

V22 2.254 -1.012 -0.173 0.418 1.060 1.676 2.419

V23 2.519 -0.958 -0.124 0.503 1.133 1.758 2.360

V24 2.146 -0.203 0.523 1.062 1.662 2.340 3.213

V77 1.180 -0.675 0.295 1.022 1.795 2.678 3.659

V76 1.354 -0.406 0.444 1.177 1.862 2.546 3.330
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It can be observed that most of the items have high discrimination values, with items such as V16 (2.432), 

V17 (2.668), and V19 (2.756) making them stand out in terms of their ability to differentiate between people 

with high and low levels of knowledge.

With respect to the item thresholds, it is observed that they are well distributed along the latent trait 

(knowledge) continuum, indicating that the items can capture a wide range of proficiency levels. For exam-

ple, item V15 has thresholds ranging from -2.213 to 2.420, covering a wide range of difficulty.

An analysis of the information function of the model was then carried out to assess the accuracy of the 

scale at different levels of competence in order to get an overview of how much information the items pro-

vide in the various parts of the knowledge continuum of the participants. 

The total information provided by the scale is 88.98. Of this, 86.89 information units, representing 

97.65% of the total, are in the -4 to 4 range on the latent trait continuum. The fact that almost all the in-

formation is concentrated in the -4 to 4 range indicates that the scale is extremely accurate in measuring 

knowledge within this interval.

To visualise the accuracy of the test at different proficiency levels, the graph (Figure 2) of the informa-

tion function of the Graduated Response Model (GRM) was generated. This graph shows how the amount 

of information provided by the items varies along the knowledge continuum. The peaks in the graph indi-

cate where the scale is most informative and therefore most accurate at those levels. This means that the 

scale has a high ability to discriminate between individuals in those specific ranges. Furthermore, the high 

amount of information in the central range suggests that the scale’s estimates of participants’ knowledge 

will be accurate and reliable for most participants.

FIGURE 2. Graph of the information function of scale
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The analysis of the factor scores and item responses provides a comprehensive picture of the level of 

knowledge about ICT used with people with functional diversity in the sample studied. The mean latent 

score is approximately -0.021, suggesting that, on average, participants have a level of knowledge close to 

the mean of the latent trait. The latent scores range from -2.32 to 3.68, indicating a wide dispersion in knowl-

edge levels among participants.

The mean standard error is 0.236, suggesting high precision in the estimation of latent scores. Standard 

errors range from 0.061 to 0.496, indicating that most estimates of latent scores are fairly accurate. A low 

standard error is necessary to ensure the reliability of the measurements, as it suggests that the estimates 

of the latent scores are consistent and replicable.

These results reflect a significant diversity in the participants’ knowledge of ICT applied to people with 

functional diversity. The wide variation in latent scores may imply the need to generate and/or design train-

ing plans that address digital teaching competences for educational inclusion. Furthermore, the accuracy in 

estimating latent scores supports the validity of the measurement instrument, indicating that it is adequate 

to capture the subtleties and nuances of knowledge in this specific area.

4. DISCUSSION 
A psychometric analysis based on IRT has been carried out that resolves some of the limitations of Classical 

Test Theory when validating instruments. In addition, it is necessary to take into account some limitations 

that the validation process had in its original publication. Thus, the high internal consistency of the original 

scale (Cabero-Almenara et al., 2016) suggests an excessive internal consistency that may suggest the exist-

ence of a redundancy problem in the measure (Panayides, 2013). The latent structure was identified from 

a Principal Component Analysis, to whose results matrix they applied a Varimax rotation, which suggests a 

classical approach to the psychometric problem, although it has been superseded in recent decades (Wida-

man, 2007). In this study, only one subscale has been used, considerably reducing its length and facilitating 

its use with screening tests. The information function of the scale indicates that it provides very reliable 

estimates for most of the people assessed. 

Overall, most of the fit values between pairs of items are within an acceptable range, indicating that the 

MRG model adequately captures the relationships between most of the items. However, they also suggest 

areas where the model may be less accurate due to fit problems with the V77-V76 pair, an issue that is graph-

ically observed in the categorical principal components analysis (Figure 1).

The results show that the scale used is not only effective in measuring the average knowledge of the 

participants, but it is also able to detect significant variations between individuals, which is essential for de-

signing more effective educational interventions and training programmes. The accuracy of the estimates 

reinforces confidence in the results obtained (López-Falcón, 2021), providing a solid basis for future research 

and practical applications in the field of ICT education and teacher training for people with functional diver-

sity (Ari et al., 2022; Blasco-Serrano et al., 2022; Kerexeta-Brazal et al., 2022). 
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These results indicate that the University of Granada provides more effective ICT training, reflected in 

the higher and less dispersed scores of its students. In contrast, students from “Other universities” and the 

University of Malaga have lower levels of ICT knowledge than the overall average, with greater diversity in 

proficiency levels within the “Other universities” group. These findings highlight the importance of institu-

tional context in ICT training, suggesting the need to adapt educational programmes to address differences 

in knowledge levels (Cabero-Almenara et al., 2022; Díaz-García et al., 2020).

Research by Masoumi (2021), Pinto-Santos (2023), Recio-Muñoz et al. (2020) and Silva et al. (2018), for 

example, argues that comprehensive training in the promotion of digital skills is essential, as teachers are at 

a basic level in terms of ICT knowledge and management, i.e. they know basic technological tools, but find it 

more complex to perform advanced tasks such as creating content or activities using technology. Likewise, 

the results of a study carried out by Guillén-Gámez et al. (2020) corroborate that future teachers have a low 

level of ICT use in the classroom and show that the degree of digital competence and motivation to use ICT 

are variables that are positively correlated.

The study underlines the importance of socio-demographic variables in the level of ICT knowledge. 

Men, students from certain universities, and those who have received ICT training show higher levels of 

knowledge, which we value from the point of view of critical enquiry and the potential of the scale used 

for the improvement of initial teacher training in educational innovation and inclusion. Furthermore, these 

findings highlight the need to consider these differences when designing educational and training pro-

grammes, with the aim of addressing knowledge gaps and promoting equitable and effective training in 

educational technology. This same idea is highlighted in a study by Nieto-Isidro et al. (2022) on the rela-

tionship between information literacy and socio-demographic variables in teachers and future teachers in 

compulsory education.

5. CONCLUSIONS
Educational inclusion requires changes in teaching-learning methods and ICT offers the necessary tools 

to make these adjustments efficiently, becoming a fundamental resource for the promotion of equity and 

quality in education. ICT not only facilitates access to learning and communication, but also fosters collab-

oration, autonomy and active participation of students with functional diversity in pedagogical processes. 

These resources need to be appropriately integrated to ensure that all learners have the opportunity to 

reach their full potential, regardless of their individual abilities.

The fit of the MRG model to the data was satisfactory, as indicated by the fit indices (log.Lik, AIC, BIC). 

The discrimination parameters suggest that most of the items are effective in differentiating levels of com-

petence, and the well-distributed thresholds ensure a wide coverage of the range of competence of the 

latent trait. These results support the validity of using the MRG model to assess prospective teachers’ knowl-

edge of ICT for diversity. 

The analysis of the information function confirms that the scale is highly effective in measuring pro-

spective teachers’ knowledge of ICT for diversity. On the other hand, the interpretation of the latent scores 

suggests that the sample has a distribution of ICT for diversity knowledge centred close to the mean.
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The implementation of this scale not only makes it possible to assess the digital and inclusive com-

petences of future teachers, but also to raise awareness and advocate for the need to reformulate teacher 

training plans to meet the demands of a highly heterogeneous society. It therefore serves as a predictive 

tool to identify training gaps and develop training programmes that respond to these needs. This represents 

a step forward in generating scientific knowledge within the paradigm of inclusive education, in need of 

resources and instruments to move towards a true educational transformation that avoids para-scientific 

parameters or, where appropriate, occurrences rather than fully reliable and valid evidence in terms of dem-

ocratic, rational and human rights-based pedagogical construction.

The evolution of ICT and diversity in the classroom require continuous teacher training and the design 

and/or revision of scales to assess digital competences for inclusive education. These measurement tools 

facilitate the understanding of the level of knowledge of future teachers and improve both teacher training 

and the quality of education. The aim is to continue transforming education based on scientific-technical 

criteria that enable the understanding of a reality that is key to educational quality: the challenge of edu-

cational inclusion. Teachers need this type of instruments that can and should be shared to increase their 

commitment to diversity and digital competences applied to pedagogical-inclusive responses that are the 

bearers of more revitalising, dynamic, innovative and creative meanings in the new school scenarios.

5.1. Limitations and future lines of research

There is a significant fit problem between items V77 and V76. This finding indicates the need to revise these 

items to improve the validity and reliability of the scale. 

Overall, the results support the use of the MRG model, but also highlight areas for improvement in the 

formulation and evaluation of some specific items. 

For future research, it would be interesting to design a scale on digital teaching competences for inclu-

sion that includes emerging ICT competences such as artificial intelligence, big data analysis and cyberse-

curity, among others. These latter challenges are key elements in addressing the complexity of a school that 

is progressively facing the translation of cultural and technological challenges in a hybrid, interconnected 

and networked world.
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Technostress levels of science field 
faculty members in the Kyrgyz Republic
Niveles de tecnoestrés del profesorado de ciencias 
de la República Kirguisa

ABSTRACT

The purpose of this study was to examine the technostress levels of science field faculty members in the Kyrgyz Republic. 
The relational survey model was used to investigate whether there was a significant difference and a relationship between 
demographic variables such as gender, age, field of science, seniority, technological education level, and availability of a 
personal computer in terms of technostress and its sub-dimensions. The sample of the study consisted of 274 science facul-
ty members, with 156 females and 118 males working at different universities in the Kyrgyz Republic. “Personal Data Form” 
and “Defining Teachers’ Technostress Levels Scale” were used as data collection tools in the study. The results showed that 
the general technostress levels of the participants were at a medium level. General technostress levels and technostress 
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1. INTRODUCTION
Modern societies produce new technologies using the information they obtain through science and thus 

accelerate social change. New technology, with all its evolution, has been and continues to be the subject 

of numerous studies and research highlighting its positive and negative aspects (Chiappetta, 2017). By their 

own characteristics, technological and social changes are closely interconnected. Especially in modern so-

cieties, rapid technological change is accompanied by rapid social change. The level of development of 

today’s society is generally measured by the science and technology it produces. There is only one way to 

achieve this, and that is education. Along with technological innovations, educational tools and equipment 

also need to be updated by the demands of the age. One of the key issues in this environment that develops 

with digital transformation is the need to bring technological quality to education. Education that does not 

benefit from technological opportunities cannot meet the social and individual expectations and needs of 

the age (Karasar, 2004). In addition to the use of technology in curriculum and evaluations, it also becomes 

necessary to encourage educators to include technology in teaching in order to facilitate learning, consider-

ing the education factor (Scherer et al., 2019). 

In addition to the benefits of technology in the learning and teaching processes, it is known that the use 

of technology in academic studies by faculty members provides great convenience in their research. In order 

sub-dimensions scores of science faculty members did not differ by their genders, ages, seniorities, technology educa-
tions, and availability of their computers. There was a low level of positive correlation between age and the scores of the 
occupational and personal sub-dimensions of technostress; It was determined that there was a low-level, positive, statis-
tically significant relationship between the seniority variable and the personal-oriented sub-dimension. It can be conclu-
ded that as the year of seniority progresses, academicians’ technostress scores also increase. These findings reveal that 
seniority has certain effects on the technostress levels of academicians, but these effects vary based on sub-dimensions.

KEYWORDS  Higher education; technology in education; technological competence; technostress.

RESUMEN

El objetivo de este estudio era examinar los niveles de tecnoestrés de los profesores de ciencias de la República Kirgui-
sa. Se utilizó el modelo de encuesta relacional para investigar si existía una diferencia significativa y una relación entre 
variables demográficas como el género, la edad, el campo de la ciencia, la antigüedad, el nivel de educación tecnológica 
y la disponibilidad de un ordenador personal en términos de tecnoestrés y sus subdimensiones. La muestra del estudio 
estaba formada por 274 profesores de ciencias, de los cuales 156 eran mujeres y 118 hombres que trabajaban en distintas 
universidades de la República Kirguisa. En el estudio se utilizaron como herramientas de recogida de datos el “Formulario 
de datos personales” y la “Escala de definición de los niveles de tecnoestrés de los profesores”. Los resultados mostraron 
que los niveles generales de tecnoestrés de los participantes se situaban en un nivel medio. Los niveles generales de tec-
noestrés y las puntuaciones de las subdimensiones de tecnoestrés de los profesores de ciencias no diferían en función 
de su sexo, edad, antigüedad, formación tecnológica y disponibilidad de ordenadores. Hubo un bajo nivel de correlación 
positiva entre la edad y las puntuaciones de las subdimensiones laboral y personal del tecnoestrés; Se determinó que 
existía una relación de bajo nivel, positiva y estadísticamente significativa entre la variable antigüedad y la subdimensión 
de orientación personal. Se puede concluir que a medida que avanza el año de antigüedad, también aumentan las pun-
tuaciones de tecnoestrés de los académicos. Estos resultados revelan que la antigüedad tiene ciertos efectos sobre los 
niveles de tecnoestrés de los académicos, pero estos efectos varían en función de las subdimensiones.

PALABRAS CLAVE  Enseñanza superior; tecnología en la educación; competencia tecnológica; tecnoestrés.



INNOEDUCA

181Innoeduca. International Journal of Technology and Educational Innovation
Erkan Efilti, Bakyt Borkoev, Akmatali Alímbekov, Argen Zhumgalbekov, Kalipa Salíeva, Aida Akmatalíeva & Gulshat Muhametjanova

to integrate technology into education, it is known that educators must first be aware of this issue and have 

a positive perspective on the use of technology. However, understanding the factors that encourage and/

or restrict educators to use information and communication technologies is considered crucial for an effec-

tive technology adaptation process (Ursavaş et al., 2014). Today’s widespread use of technological tools and 

internet applications has placed a responsibility on teachers to use technological tools for educational pur-

poses 24/7, not only in the school building and during working hours, but also outside working hours. Thus, 

teachers need to work harder in both their professional and social lives, and their responsibilities increase 

(Çetin & Bülbül, 2017). On the other hand, today’s digital age children grow up with technology and have the 

skills to use technological tools. The fact that children grow up in technology places responsibilities on the 

teachers who will educate them in ensuring and enriching the integration of technology into educational en-

vironments (Gökbulut, 2021). Another condition for success in integrating technology into learning-teaching 

processes is that teachers feel psychologically comfortable when they turn to technology. When some teach-

ers spend a long time with technology, they narrow down their personal space, encounter more information 

and data than they can process, or when they want to improve themselves technologically - more specifically 

in terms of changing teaching technologies - as a result of intense experiences, or they may feel stress due to 

their lack of knowledge and experience (Erdoğan & Akbaba, 2022). 

The negative effects experienced by people due to technology were first defined as “Technostress” by 

the American psychologist Brod (1984). He defines the technostress as a modern adaptation disease caused 

by the inability to cope with new computer technologies in a healthy way (Brod, 1984). He argues that tech-

nostress is a type of adjustment disorder (Chiappetta, 2017; Çoklar et al., 2017). However, in another defini-

tion he states that “technostress is not a disease, but a negative psychological, behavioral and physiologi-

cal effect caused directly or indirectly by technology” (Clark, 1996). Brod (1984) listed the most important 

symptom of technostress in users as anxiety towards computer technologies and others as follows: muscle 

cramps, joint pain, headaches and insomnia (as cited in Çoklar et al., 2016). Technostress, as a type of stress 

caused by technology, causes the individual to be under stress and give some reactions (anger, anxiety, rest-

lessness, fear) (Weil & Rosen, 1997). There are many studies in the literature that have examined the impact 

of technostress on individuals’ lives. High technostress levels in individuals cause a decrease in job satisfac-

tion, organizational commitment and job performance, while increasing negative emotions (Ayyagari et al., 

2011; Jena, 2015; Tarafdar et al., 2011). In other words, technostress is directly related to technology.

Studies in the literature that have examined the technostress levels of teachers and the relationship of 

technostress with other phenomena are: job satisfaction (Aktan & Toraman, 2022; Ranathunga & Rathnakara, 

2022; Toraman & Aktan, 2022), professional motivation (Akman & Durgun, 2022), academic productivity (La 

Torre et al., 2020; Lee et al., 2016; Upadhyaya & Vrinda, 2021), satisfaction, anxiety, and performance (Abd 

Aziz et al., 2021; Fernández-Fernández et al., 2023; Rodríguez-Barboza, 2023) , academic success and well-be-

ing (Whelan at al., 2022), techno-pedagogical competence (Gökbulut, 2021), professional burnout (Gökbulut 

& Dindaş, 2022), perceived organizational support (Solís et al., 2023), job satisfaction and perceived perfor-

mance (Al-Ansari & Alshare, 2019), work engagement and work-life balance satisfaction (Curcuruto et al., 

2023), psychological capital (Efilti & Çoklar, 2019), work-family conflict (Shaukat et al., 2022). However, there 

are also studies examining the relationship between technostress and life satisfaction (Le Roux & Botha, 

2021; Lee et al., 2016; Shaukat et al., 2022).
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1.1. Literature review

Brod (1984) defines technostress as a modern adaptation disease caused by the inability to cope with new 

computer technologies healthily, and this stress situation occurs when the expertise requirements of infor-

mation and correspondence technologies exceed the capacity level of users (Sharma & Gupta, 2022). In the 

literature, there are some studies examining the effects of technostress on individuals’ lives. High levels of 

technostress in individuals may lead to a decrease in job satisfaction, organizational commitment and job 

performance, and an increase in negative emotions (Ayyagari et al., 2011; Jena, 2015; Tarafdar et al., 2011); 

reduces job satisfaction (Aktan & Toraman, 2022; Ranathunga & Rathnakara, 2022; Toraman & Aktan, 2022); 

may cause low professional motivation (Akman & Durgun, 2022); negatively affects academic productivity 

(La Torre et al., 2020; Lee et al., 2016; Upadhyaya & Vrinda, 2021); increases professional burnout (Gökbulut 

& Dindaş, 2022); affects life satisfaction (Le Roux & Botha, 2021; Lee et al., 2016; Shaukat et al., 2022); triggers 

work-life balance satisfaction (Curcuruto et al., 2023); reduces individuals’ work participation and psycholog-

ical capital levels (Efilti & Çoklar, 2019); may cause a decrease in the level of work performance (Abd Aziz et al., 

2021; Al-Ansari & Alshare, 2019; Fernández-Fernández et al., 2023; Rodríguez-Barboza, 2023) and may be one 

of the factors affecting work-family conflict (Shaukat et al. al., 2022). There are some studies examining the 

relationship between technostress and gender variables. Some of these studies found that technostress lev-

els of teachers did not differ by the gender variable (Akman & Durgun, 2022; Arslan et al., 2022; Çetin & Bülbül, 

2017; Çoklar et al., 2016; Gökbulut, 2021; Le Roux & Botha, 2021; Li & Wang, 2021; Özgür, 2020; Yadav & Raha-

man, 2020). However, some of these studies claimed that the level of technostress might differ according to 

gender (Abd Aziz et al., 2021; Akgün, 2019; Aktan & Toraman, 2022; Çoklar & Şahin, 2011; Gökbulut & Dindaş, 

2022; Lee et al., 2014; Ragu-Nathan et al., 2008; Riedl, 2013; Shaukat et al., 2022; Shu et al., 2011; Upadhyaya & 

Vrinda, 2021). Other studies have examined the relationship between professional seniority and technostress 

(Marchiori et al., 2019; Penado Abilleira et al., 2021). As a striking factor during the literature review process, 

it was observed that there were very few studies focusing on the relationship between technostress and var-

iables such as the field of science, technological education, and access to computers.

The negative effects experienced by people due to technology were first defined as “Technostress” by 

the American psychologist Brod (1984). He defines the technostress as a modern adaptation disease caused 

by the inability to cope with new computer technologies in a healthy way (Brod, 1984). He argues that tech-

nostress is a type of adjustment disorder (Chiappetta, 2017; Çoklar et al., 2017). However, in another defini-

tion, he states that “technostress is not a disease, but a negative psychological, behavioral and physiologi-

cal effect caused directly or indirectly by technology” (Clark, 1996). Wang et al. (2008) defines technostress 

as the pressure created by other people or responsibilities regarding the use of technology on individuals as 

a result of the importance of technology use skills in work environments. Brillhart (2004) stated that tech-

nostress starts with the employees, starting from the planning of business meetings, and tracking the work, 

and many digital content technologies create technostress on the employees in the enterprises, causing 

anxiety. Coppari et al. (2018) defined technostress as an emotional, physical, and cognitive difficulty that 

causes fatigue or exhaustion due to inappropriate use of technologies. Brod (1984) listed the most impor-

tant symptom of technostress in users as anxiety towards computer technologies and others as follows: 

muscle cramps, joint pain, headaches, and insomnia (as cited in Çoklar et al., 2016). Technostress, as a type 

of stress caused by technology, causes the individual to be under stress and give some reactions (anger, anx-

iety, restlessness, fear) (Weil & Rosen, 1997). In other words, technostress is directly related to technology. 
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Wang, et al., 2023 investigated psycho-emotional factors on students’ technology acceptance. As results 

showed students achievement and emotions, and technological self-efficacy were significant predictors of 

technology acceptance. Teachers’ technology acceptance and emotional intelligence were investigated by 

Zhi et al., (2023). Structural equation modeling and regression analysis were conducted, and results showed 

that 89% and 63% of variances were predicted by emotional intelligence and self-efficacy of Chinese EFL 

teachers’ technology adoption.

Factors that create technostress: Factors frequently used to explain technostress factors are: 1) tech-

no-overload, 2) techno-invasion, 3) techno-complexity, 4) techno-uncertainty and 5) techno-insecurity 

(Ragu-Nathan et al., 2008; Singh et al., 2022; Tarafdar et al., 2007, 2011). Techno-overload refers to the need 

to process information from multiple tasks simultaneously using technological devices. Techno-invasion 

occurs when technology invades personal life and privacy, creating the need to connect anytime, anywhere. 

Techno-complexity is defined as the complexity associated with the use of technology and means putting 

in the time and effort to learn how to use technology effectively. Techno-uncertainty is since technology 

is a stressful factor due to constant updates and changes, making it difficult for users to establish a solid 

foundation of experience and domain in using technology. Techno-insecurity is the feeling that technology 

threatens job stability and maintenance of employment (Araoz et al., 2023).

It is possible to identify different categories for prevention and intervention strategies. Primary preven-

tion focuses on increasing the knowledge of affected individuals, who should focus on preventive aspects 

to avoid technostress. On the other hand, when technostress symptoms are already present, secondary 

intervention is applied and is carried out through direct training by experts. Finally, the tertiary strategy 

is applied in cases where technostress occurs aggressively and with all its consequences and requires the 

provision of psychological and medical support to confront it effectively (Salanova et al., 2011). 

1.2. Research questions

As the literature review shows, the inadequacy of teachers in technology causes technostress, which nega-

tively affects their job performance. Based on the research problem and the findings in the literature, the pur-

pose of the research is to examine the technostress levels of university science faculty members based on 

some variables. The starting point of the study is the proliferation of information communication technologies 

across organizations therefore affecting people who are not technology experts, and the limited number of 

studies conducted on the subject by faculty members in science fields. Science faculty members are chosen 

as the research universe due to their close interaction with technology, reliance on digital tools, and the need 

to adapt swiftly to technological advancements. Therefore, the study focused on faculty members, who are 

non-technologist experts who are exposed to information communication technologies as a regular part of 

their workday. Additionally, it is believed that the study will fill these gaps by examining the technostress levels 

of academicians in terms of some variables in a developing country such as the Kyrgyz Republic, where online 

teaching is a relatively new concept and universities have just started to create and offer online programs. In 

this context, the researcher used the following research questions to achieve the purpose of the study:

1.	  What are the technostress levels of science faculty members?

2.	  Do the technostress levels of science faculty members differ by their demographic variables (gender, age, 

science field, professional seniority, technological education level, and personal computer availability)?
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3.	  Is there a significant relationship between age and seniority variables and technostress levels of 

science faculty members?

2. MATERIAL AND METHOD
In the study, the situation was determined using the relational survey model among the quantitative re-

search methods. While survey models are defined as research approaches that aim to describe a past or on-

going situation as it exists, relational survey models are defined as research models that aim to determine 

the existence or degree of change between two or more variables (Karasar, 2014). In addition, the individual 

or object subject to research is tried to be defined as it is and within its conditions. In addition, this model is 

the model in which participant opinions on a topic or event are determined (Büyüköztürk, 2021).

2.1. Population and Sample

The population of the study consisted of science faculty members working at universities in the Kyrgyz Re-

public in the 2022-2023 academic year. It consisted of 274 science faculty members working at different uni-

versities in the Kyrgyz Republic who agreed to participate in the study voluntarily. In determining the sam-

ple, a simple random sampling technique was used, where participants were selected randomly (Ekiz, 2015; 

Lavrakas, 2008). Demographic and descriptive statistical data about the sample group is presented in Table 1:

TABLE 1. Demographic Characteristics of Participants (n=274)

GROUP n %

Gender
Female 156 56,9

Male 118 43,1

Age

27-40 80 29,2

41-55 111 40,5

56 and over 83 30,3

Field of Science

Chemistry 61 22,3

Biology 75 27,4

Mathematics 48 17,5

Geography 49 17,9

Informatics 41 15,0

Seniority

1-15 years 78 28,5

16-30 years 115 42,0

31 years and over 81 29,6

Getting technology education
Educated 166 60,6

Uneducated 108 39,4

Having Personal Computer
Those who have a computer 160 58,4

Those who do not have a computer 114 41,6
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As seen in Table 1, 56.9% (n=156) of the sample of the study are females and 43.1% (n=118) are males. 

40.5% (n=111) of the participants are between the ages of 41-55, 29.2% (n=80) are between the ages of 

27-40, and 30.3% (n=83) are aged 56 and over by the age variable. 27.4% (n=75) of the participants studied 

in biology, 22.3% (n=61) studied in chemistry, 17.9% (n=49) studied in geography, 17.5% (n=48) studied in 

mathematics and 15% (n=41) studied in informatics. 42% (n=115) of the participants have 16-30 years of 

seniority, 28.5% (n=78) have 1-15 years of seniority, and 29.6% (n=81) have 31 years or more of seniority.

2.2. Data Collection Tools

The data was collected through the Personal Data Form created by the researcher, including demographic 

factors, and the “Defining Academicians’ Technostress Levels Scale” developed by Çoklar et al. (2017) and 

adapted into Kyrgyz by Efilti and Zhumgalbekov (2023).

2.2.1. Personal Data Form

The form, created by the researcher, includes the demographic information of the participants (gender, age, 

field of science, seniority, technological education, and availability of personal computers).

2.2.2. Defining Academicians’ Technostress Levels Scale

The scale was developed by Çoklar et al. in 2017. It consists of 28 items and 5 factors. The factors are “Learn-

ing-Teaching Process Oriented”, “Profession Oriented”, “Technical Issue Oriented”, “Personal Oriented” and 

“Social Oriented”. The scale items are 5-point Likert type and are “Totally Agree”, “Agree”, “Partly Agree”, 

“Disagree” and “Strongly Disagree”. The internal consistency coefficient (Cronbach’s Alpha coefficient) for 

the whole scale was found to be .917, and the Spearman-Brown coefficient calculated for dividing into two 

halves was found to be .845. The internal consistency coefficient (Cronbach’s Alpha coefficient) of the fac-

tors that make up the scale takes values between .712 and .788. The calculations made on the arithmetic 

mean score are based on the interpretation of the findings obtained depending on the analysis of the data. 

The criteria for evaluating the technostress levels of academicians in the scale are as follows: 1.00 – 2.33 – 

low level, 2.34 – 3.67 – medium level, 3.68 – 5.00 – high level (Çoklar et al., 2017).

A high positive correlation was determined between the original Turkish and Kyrgyz versions of the 

scale (r=0.798, p<0.01). As a result of the analysis, a measurement tool consisting of 27 items and 5 sub-di-

mensions explaining 63.74% of the total variance was obtained, and it was observed that the items in the 

sub-dimensions exactly matched the items in the original form. The internal consistency coefficient of the 

Kyrgyz version of the scale was calculated as α=0.95 and the internal consistency coefficient of the 5 sub-di-

mensions ranged between 0.77-0.85. The correlation value of the test-retest method was calculated as 0.811 

(Efilti & Zhumgalbekov, 2023).
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2.3. Data Collection and Analysis

To collect data, the application method of the scales was created. The prepared form was applied to the 

target participants face-to-face by interviewers. Information on how to answer the questions was given on 

the first pages of the scales.

A statistical package application was used to analyze the data. To determine which test types, para-

metric or non-parametric tests, would be used in the analysis of the data, the normal distribution of the 

data was examined. In studies conducted in the field of social sciences, understanding whether the data 

has a normal distribution feature is mostly achieved by Skewness and Kurtosis values. If the values are 

between +1.5 and -1.5, it is accepted that the data fulfills the normality distribution condition (Tabachnick 

and Fidell, 2013).

TABLE 2. Kurtosis and Skewness Values of Data

VARIABLES SKEWNESS KURTOSIS

 Technostress (Total Score) 0,151 -0,063

1. Learning-Teaching Process-Oriented -0,014 -0,204

2. Profession-Oriented 0,453 0,003

3. Technical-Issue-Oriented 0,298 0,008

4. Personal-Oriented 0,219 -0,251

5. Social-Oriented 0,469 0,023

As seen in Table 2, the Kurtosis and Skewness values of the data are between -1.5 and +1.5. In addition, 

histogram, Q-Q Plot, Boxplot graphics, and Kolmogorov-Smirnov (K-S) (significance value for all scales was 

insignificant, p≥0.05) test results were examined to determine the normal distribution. Accordingly, it was 

understood that the data met the normal distribution condition and it was decided to use parametric tests. 

Having a normal distribution in measurements and using parametric tests gives stronger results (Pallant, 

2017). For analyses on demographic variables, a t-test for independent samples and a One-Way ANOVA test 

was applied, and the Pearson Product Moment Correlation Test was applied for correlational analyses be-

tween dependent variables. If there was a significant difference in the results of the comparison tests ob-

tained, the effect size of the significance was decided with the formula eta square (), and the eta square 

value of the effect size was reported.

3. RESULTS
In this section, first, the general situation regarding the participants’ levels of technostress and its sub-dimen-

sions was described, then this dependent variable was compared with various independent variables and 

its relationship status was examined. Table 3, in next page, shows the technostress levels of the participants. 
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TABLE 3. Descriptive Statistics and Cronbach’s Alpha Values for Technostress and Sub-Dimensions

VARIABLES N x̄̄ SD α DEGREE

Technostress (Total Score) 274 2,71 0,504 0,917 Medium

1. Learning-Teaching Process-Oriented 274 2,76 0,587 0,746 Medium

2. Profession-Oriented 274 2,49 0,625 0,772 Medium

3. Technical-Issue-Oriented 274 2,95 0,641 0,797 Medium

4. Personal-Oriented 274 2,45 0,632 0,780 Medium

5. Social-Oriented 274 2,88 0,678 0,718 Medium

As seen in Table 3, the technostress average of the participants was found to be 2.71. Mean scores for 

technostress sub-dimensions were calculated as follows; 2.76 for learning-teaching process-oriented, 2.49 

for profession-oriented, 2.95 for technical-issue-oriented, 2.45 for personal-oriented and 2.88 for social-ori-

ented. The data presented in the table shows that among the technostress sub-dimensions, the person-

al-related and professional-oriented sub-dimensions have the lowest mean, and the technical-issue-orient-

ed and social-oriented sub-dimensions have the highest mean. However, the overall technostress levels of 

the participants are at a medium level. Cronbach’s Alpha coefficients of the variables reveal that the data 

are quite reliable.

To determine whether the technostress levels of academicians differ by gender variable, the t-test for 

independent samples was conducted. The analysis results of the test are presented in Table 4:

TABLE 4. T-test Results for Independent Samples Regarding the Differentiation of 
Technostress Levels Based on Gender Variable

GENDER n x̄̄ SD t df p

Technostress  (Total Score)
Female 156 2,74 0,512

1,121 272 0,263
Male 118 2,67 0,50

1. Learning-Teaching Process-Oriented
Female 156 2,76 0,58

0,212 271 0,832
Male 118 2,75 0,59

2. Profession-Oriented
Female 156 2,55 0,60

1,874 271 0,062
Male 118 2,41 0,64

 3. Technical-Issue-Oriented
Female 156 2,98 0,66

0,468 271 0,640
Male 118 2,94 0,61

4. Personal-Oriented
Female 156 2,45 0,62

0,141 271 0,888
Male 118 2,44 0,64

5. Social-Oriented
Female 156 2,94 0,71

1,601 271 0,111
Male 118 2,81 0,62
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As seen in Table 4, the general technostress levels of the participants do not show a statistically signifi-

cant difference based on the gender variable [t(340)= 1.121; p>0.05]. The scores regarding the technostress 

sub-dimensions do not show a significant difference based on the gender variable (p>0.05). However, it was 

found that both females and males had a medium-level technostress score.

Table 5 shows the differences in the technostress levels of the participants based on the age variable:

TABLE 5. One-Way ANOVA Test Results Regarding the Differentiation of Technostress Levels Based on Age Variable

AGE n x̄̄ SD F df p

Technostress (Total Score)

1) 24-40 80 2,64 0,504

1,779 2 0,1712) 41-55 111 2,70 0,475

3) 56 and over 83 2,79 0,546

1. Learning-Teaching Process-Oriented

1) 24-40 80 2,74 0,554

0,647 2 0,5252) 41-55 111 2,72 0,581

3) 56 and over 83 2,82 0,627

2. Profession-Oriented

1) 24-40 80 2,38 0,618

2,215 2 0,1112) 41-55 111 2,49 0,550

3) 56 and over 83 2,59 0,713

3. Technical-Issue-Oriented

1) 24-40 80 2,87 0,653

1,679 2 0,1882) 41-55 111 2,96 0,610

3) 56 and over 83 3,05 0,664

4. Personal-Oriented

1) 24-40 80 2,33 0,636

2,794 2 0,0632) 41-55 111 2,44 0,620

3) 56 and over 83 2,56 0,631

5. Social-Oriented

1) 24-40 80 2,87 0,708

0,531 2 0,5892) 41-55 111 2,93 0,634

3) 56 and over 83 2,84 0,706

Table 5 shows that the general technostress levels of the participants did not show a statistically 

significant difference based on the age variable [F(2)= 1.779; p>0.05]. It was determined that the scores 

regarding the technostress sub-dimensions did not show a significant difference based on the age varia-

ble (p>0.05).
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Table 6 shows the differentiation of technostress levels of participants based on the field of science 

variable:

TABLE 6. One-Way ANOVA Test Results Regarding the Differentiation of 
Technostress Levels Based on the Field of Science Variable

FIELD OF SCIENCE n x̄̄ SD F df p
EFFECT 
SIZE ()

DIFFERENCE

Technostress (Total Score)

1. Chemistry 61 2,73 0,500

2,460 4 0,046* 0,03 4-5

2. Biology 75 2,67 0,515

3. Mathematics 48 2,70 0,477

4. Geography 49 2,87 0,512

5. Informatics 41 2,54 0,493

1. Learning-Teaching 
Process-Oriented 

1. Chemistry 61 2,74 0,560

1,623 4 0,169

2. Biology 75 2,76 0,639

3. Mathematics 48 2,75 0,569

4. Geography 49 2,89 0,590

5. Informatics 41 2,57 0,521

2. Profession-Oriented

1. Chemistry 61 2,55 0,626

2,936 4 0,021* 0,04
4-2
4-5

2. Biology 75 2,38 0,603

3. Mathematics 48 2,49 0,605

4. Geography 49 2,69 0,631

5. Informatics 41 2,30 0,625

3. Technical-Issue-Oriented 

1. Chemistry 61 2,96 0,661

0,985 4 0,416

2. Biology 75 2,93 0,666

3. Mathematics 48 2,90 0,519

4. Geography 49 3,11 0,633

5. Informatics 41 2,88 0,699

4. Personal-Oriented

1. Chemistry 61 2,46 0,623

3,290 4 0,012* 0,04 4-5

2. Biology 75 2,38 0,609

3. Mathematics 48 2,48 0,643

4. Geography 49 2,67 0,654

5. Informatics 41 2,21 0,578

5. Social-Oriented

1. Chemistry 61 2,82 0,686

0,870 4 0,483

2. Biology 75 2,93 0,695

3. Mathematics 48 2,91 0,667

4. Geography 49 2,96 0,632

5. Informatics 41 2,74 0,699

*p<0.05

As seen in Table 6, it was determined that the general technostress levels of the participants showed 

a statistically significant difference based on the field of science variable [F(4)= 2.460; p˂0.05]. The cal-

culated eta-squared effect size coefficient showed that this difference had a low impact on the variance 

(=0.03). Among the technostress sub-dimensions, the scores of the learning-teaching process-oriented, 
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technical-issue-oriented, and social-oriented sub-dimensions did not differ based on the field of science 

variable (p>0.05), while the scores for the profession-oriented [F(4)= 2.936; p˂0.05]. and personal-oriented 

technostress [F(4)= 3.290; p˂0.05] sub-dimension scores were found to differ statistically significantly. To 

find out which groups this difference was between, the Tukey test was applied since the Levene test was 

not significant. As a result of the test, according to the technostress sub-dimension for the profession, be-

tween academicians in the field of geography and the field of biology and informatics, and according to the 

personal-oriented technostress sub-dimension, it was understood that there was a significant difference 

between academicians in the field of geography and the field of informatics. This shows that academicians 

in the field of geography have higher professional and personal technostress levels. The calculated eta-

squared effect size coefficient shows that this difference has a low impact on the variance (=0.04).

Table 7 shows the differences in the technostress levels of the participants based on the variable of 

seniority:

TABLE 7. One-Way ANOVA Test Results Regarding the Differentiation of 
Technostress Levels Based on the Seniority Variable

YEAR n x̄̄ SD F df p

Technostress
(Total Score)

1) 1-15 78 2,67 0,490

1,730 2 0,1792) 16-30 115 2,66 0,489

3) 31 and over 81 2,79 0,542

1. Learning-Teaching Process-Oriented

1) 1-15 78 2,80 0,528

2,086 2 0,1262) 16-30 115 2,67 0,592

3) 31 and over 81 2,83 0,625

2. Profession-Oriented

1) 1-15 78 2,45 0,589

1,153 2 0,3172) 16-30 115 2,45 0,581

3) 31 and over 81 2,57 0,714

3. Technical-Issue-Oriented

1) 1-15 78 2,91 0,651

1,366 2 0,2572) 16-30 115 2,92 0,622

3) 31 and over 81 3,06 0,654

4. Personal-Oriented

1) 1-15 78 2,34 0,668

2,726 2 0,0672) 16-30 115 2,42 0,606

3) 31 and over 81 2,57 0,619

5. Social-Oriented

1) 1-15 78 2,87 0,695

0,088 2 0,9162) 16-30 115 2,90 0,630

3) 31 and over 81 2,86 0,731

*p<0.05

As seen in Table 7, the general technostress levels of the participants [F(2)= 1.730; p>0.05] and it was de-

termined that the scores regarding the technostress sub-dimensions did not show a statistically significant 

difference based on the seniority variable (p>0.05).
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Table 8 shows the differentiation of the participants’ technostress levels based on the variable of having 

technological education.

TABLE 8. T-test Results for Independent Samples Regarding the Differentiation of 
Technostress Levels Based on the Variable of Having Technological Education

TECHNOLOGICAL
EDUCATION

n x̄̄ SD t df p

Technostress (Total Score)
Have 166 2,69 0,512

-0,393 272 0,695
Not Have 108 2,72 0,502

1. Learning-Teaching Process-Oriented
Have 166 2,76 0,607

0,038 271 0,970
Not Have 108 2,75 0,558

2. Profession-Oriented
Have 166 2,45 0,624

-0,986 271 0,325
Not Have 108 2,53 0,627

 3. Technical-Issue-Oriented
Have 166 2,96 0,640

0,259 271 0,796
Not Have 108 2,94 0,644

4. Personal-Oriented
Have 166 2,43 0,632

-0,496 271 0,621
Not Have 108 2,47 0,635

5. Social-Oriented
Have 166 2,85 0,693

-1,053 271 0,293
Not Have 108 2,93 0,651

As seen in Table 8, the general technostress levels of the participants [t(272)=-0.393; p>0.05] and the 

scores related to the technostress sub-dimensions did not show a statistically significant difference based 

on the variable of having technological education (p>0.05).

Table 9 shows the differentiation of the participants’ technostress levels based on having personal com-

puter availability variable:

TABLE 9. T-test Results for Independent Samples Regarding the Differentiation of 
Technostress Levels Based on Having Personal Computer Availability Variable

COMPUTER N x̄̄ SD t df P

Technostress (Total Score)
Have 160 2,71 0,516

-0,008 272 0,993
Not Have 114 2,70 0,496

1. Learning-Teaching Process-Oriented
Have 160 2,76 0,591

0,208 271 0,835
Not Have 114 2,74 0,583

2. Profession-Oriented
Have 160 2,48 0,646

-0,109 271 0,913
Not Have 114 2,49 0,599

 3. Technical-Issue-Oriented
Have 160 2,92 0,632

-1,159 271 0,248
Not Have 114 3,01 0,652

4. Personal-Oriented
Have 160 2,43 0,627

-0,359 271 0,720
Not Have 114 2,46 0,642

5. Social-Oriented
Have 160 2,93 0,671

1,325 271 0,186
Not Have 114 2,82 0,683
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As seen in Table 9, the general technostress levels of the participants [t(272)=-0.008; p>0.05] and the 

scores related to the technostress sub-dimensions did not show a statistically significant difference based 

on the personal computer availability variable (p>0.05).

Table 10 includes the findings of the correlation test conducted to determine the relationships between 

the technostress levels of the participants and the variables of age and seniority:

TABLE 10. Pearson Correlation Coefficients of the Relationships 
Between Technostress and Age and Seniority Variables

1 2 3 4 5 6 7 8

1) Technostress(Total Score) 1

2) Learning-Teaching Process-Oriented 0,773** 1

3) Profession-Oriented 0,825** 0,540** 1

4) Technical-Issue-Oriented 0,811** 0,497** 0,534** 1

5) Personal-Oriented 0,817** 0,468** 0,684** 0,587** 1

6) Social-Oriented 0,793** 0,516** 0,541** 0,633** 0,602** 1

7) Age 0,114 0,047 0,127* 0,111 0,142* -0,021 1

8) Seniority 0,090 0,022 0,077 0,090 0,138* -0,004 0,764** 1

**p<0,01, *p<0,05

As seen in Table 10, it was determined that there was a low-level, positive, statistically significant rela-

tionship between the age variable and the scores of the profession-oriented [r=0,127; p<0,05] and person-

al-oriented [r=0,142; p<0,05] sub-dimensions of technostress. Accordingly, it can be said that as the age level 

increases, professional and personal technostress scores of academicians also increase. It has been deter-

mined that there is no statistically significant relationship between the age variable and the general tech-

nostress level score [r=0,114; p>0,05], and the scores of the learning-teaching process-oriented [r=0,047; 

p>0,05], technical-issue-oriented [r=0,111; p>0,05] and social-oriented [r=-0,021; p>0,05] sub-dimensions.

It was determined that there was a low-level, positive, statistically significant relationship between the 

seniority variable and the personal-related sub-dimension score [r=0,138; p<0,05]. Accordingly, it can be 

inferred that as the seniority of academicians progresses, their technostress scores increase. It has been 

determined that there is no statistically significant relationship between the variable of seniority and the 

general technostress level score [r=0,09; p>0,05], and the scores of the learning-teaching process-oriented 

[r=0,022; p>0,05], profession-oriented [r=0,077; p>0,05], technical issue-oriented [r=0,09; p>0,05] and so-

cial-oriented [r=-0,004; p>0,05] sub-dimensions.

However, it was observed that there were positive, statistically significant relationships between tech-

nostress and its sub-dimensions.
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4. DISCUSSION
In this research, the technostress levels of science faculty members working in universities in the Kyrgyz Re-

public based on some variables were examined. As a result of the research, it was seen that the general tech-

nostress levels of the participants were at a medium level. In support of the research finding, Çoklar et al. 

(2016) and Gökbulut (2021) revealed that technostress levels were at a medium level in their study with teach-

ers. The results showed that the stress level of academicians and teachers associated with technology use is 

medium and neither too high nor too low. Medium levels of technostress may indicate that participants expe-

rienced some difficulties adjusting to technology use, but it did not seriously affect overall job performance.

Technostress by Gender

General technostress levels and technostress sub-dimensions scores of science faculty members did not 

show a statistically significant difference based on gender. The results of several studies on the subject ob-

tained from the literature support the study findings. Akman and Durgun (2022), Arslan et al. (2022), Çetin 

and Bülbül (2017), Çoklar and Bozyiğit (2021), Çoklar et al. (2016), Gökbulut (2021), Khlaif et al. (2023), Le 

Roux and Botha (2021), Li and Wang (2021), Mokh et al. (2021), Özgür (2020), Yadav and Rahaman (2020) re-

vealed that technostress levels of teachers did not show a significant difference based the gender variable. 

Gökbulut and Dindaş (2022), who used the same scale as we used in their study, did not find a significant 

difference between the sub-dimensions of the technostress scale, namely teaching-learning and profession, 

and the gender variable. However, contrary to the research findings, a significant difference was found in 

technostress (general) and its technical-issue-oriented, social-oriented, and personal-oriented sub-dimen-

sions based on the gender variable. They found that the technostress levels of female teachers were higher 

than those of male teachers. Some studies support this result. Abd Aziz et al. (2021), Aktan and Toraman 

(2022), Çoklar and Şahin (2011), Riedl (2013), Lee et al. (2014), Upadhyaya and Vrinda (2021), Shaukat et al. 

(2022) revealed that females experienced higher technostress than males. On the contrary, Akgün (2019), 

Estrada-Muñoz et al. (2020), Ragu-Nathan et al. (2008), and Shu et al. (2011) revealed that the technostress 

levels of males were significantly different from females. In conclusion, while the result of this research 

shows that there is no significant difference in technostress levels based on the gender variable, it is possi-

ble to say that the relationship between gender and technostress may be complex and diverse as different 

studies obtain different results.

Technostress by Age

In the age variable, the general technostress levels and technostress sub-dimensions scores of university 

science faculty members did not show a statistically significant difference. There are contradictory find-

ings in studies conducted on this subject. Akman and Durgun (2022), Maier et al. (2015), Krishnan (2017), 

Le Roux and Botha (2021) and Wang et al. (2008) stated that there was no significant difference between 

age groups in terms of technostress levels and sub-dimensions. The studies generally showed a tendency 

that the technostress levels of teachers did not change depending on their age. However, Çoklar and Şahin 

(2011), Hauk et al. (2019), Shaukat et al. (2022), Tams et al. (2018), Venkatesh et al. (2012) and Yadav and 
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Rahaman (2020) revealed that teachers in older age groups experienced more technostress. However, oth-

er researchers claim that young people have significantly higher levels of technostress than older people 

(Hsiao, 2017; Ragu-Nathan et al., 2008; Tarafdar et al., 2011). These findings suggest a potential effect of age 

on technostress and appear to be incompatible with the findings of other studies. These conflicting results 

may result from using different research methodologies, sample characteristics, or assessment tools. Addi-

tionally, contextual factors such as education systems or technology usage habits may also have an impact. 

In this context, clearer results are needed by extracting these different results from literature studies and 

trying to conduct general studies in this direction (Marchiori et al., 2019; Upadhyaya & Vrinda, 2021).

Technostress by Field of Science

In the field of science variable, general technostress levels, profession-oriented, and personal-oriented 

sub-dimension scores of academicians in science fields differed statistically significantly. However, the 

scores of the learning-teaching process-oriented, technical-issue-oriented, and social-oriented sub-dimen-

sions did not differ statistically significantly. In the study, it was determined that there was a significant dif-

ference between academicians in the field of geography and academicians in the field of informatics based 

on the personal-related technostress sub-dimension, and there was also a significant difference between 

academicians in the field of geography and academicians in the field of biology and informatics based on 

the profession-oriented technostress sub-dimension. The results show that academicians in the field of ge-

ography have higher professional and personal technostress levels. As a result, the research revealed that 

the technostress levels of academicians in the field of geography stand out and that this situation is espe-

cially evident in the professional and personal sub-dimensions. The results can be taken into account in 

support and resource allocation for academics working in these fields. 

Technostress by Seniority

In the variable of seniority, the general technostress levels and technostress sub-dimensions scores of sci-

ence academicians did not show a statistically significant difference. There are studies in the literature that 

support the findings. Aktan & Toraman (2022); Çoklar et al., (2016); Gökbulut, (2021); Gökbulut & Dindaş 

(2022); Mokh et al. (2021); Yadav & Rahaman (2020) revealed that there was no significant difference between 

technostress levels and professional seniorities of teachers, that was, seniority did not affect the technostress 

level. However, Marchiori et al. (2019) and Penado Abilleira et al. (2021) found that techno-anxiety levels differ 

depending on the year of seniority. They found that older people are exposed to technostress more frequent-

ly than younger people. This result does not support the findings of this research. These conflicting findings 

highlight the complexity of technostress and the difficulty of context-free generalizations. More comprehen-

sive and multi-perspective research is needed to understand technostress and evaluate its effects.

Technostress by Technological Education Level

According to the variable of having technological education, the general technostress levels and technos-

tress sub-dimensions scores of science academicians did not show a statistically significant difference. Con-

sidering that technostress is the result of not being able to cope with new computer technologies healthily, 
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this result is of course unexpected and remarkable. The result of their study by Akman and Durgun (2022) 

also supports our findings. The results show that there is no statistically significant difference between the 

technostress levels of academicians with and without technological education associated with their work in 

science fields. This means that receiving technology education does not significantly affect the technostress 

levels of academicians or the sub-dimensions of stress. It can also be said that another issue that needs to 

be taken into consideration here is the quality of the technological education provided.

Technostress by Technological Device Access

According to the variable of having personal computer availability, general technostress levels and scores 

on technostress subdimensions did not show a statistically significant difference. The result shows that 

whether individuals have their computers or not does not affect their technostress levels. Therefore, it can 

be inferred that this variable does not have a statistically significant effect on general technostress levels. 

Additionally, no studies have been found in the literature that examined the differences in technostress 

levels of academicians based on having personal computer availability variable.

Relationship Between Age and Technostress

As a result of the research, it was determined that there was no statistically significant relationship between 

the age variable and the general technostress level score, or the scores of the learning-teaching process-ori-

ented, technical-issue-oriented, and social-oriented sub-dimensions. However, there was a low-level, pos-

itive, statistically significant relationship between age and the scores of the profession-oriented and per-

sonal-oriented sub-dimensions of technostress. Accordingly, it can be inferred that as academicians’ age 

increases, their professional and personal technostress levels also increase. There is a study that supports 

this finding. Penado Abilleira, M. et al. (2021) revealed that there was a positive significant relationship be-

tween age and the techno-anxiety levels of university faculty members. Hauk et al. (2019) revealed that 

age was negatively associated with technology-related stress. The link between age and technology-related 

strain is explained by behavioral disengagement, which older workers use less than younger workers. In this 

context, age may not affect the general technostress level of academicians, but as age increases, there is an 

increase in professional and personal technostress levels. This may indicate that cumulative experiences 

over time, professional responsibilities, and the use of personal resources may have an impact on certain 

subdimensions of technostress.

Relationship Between Seniority and Technostress

In the study, it was determined that there was a low-level, positive, statistically significant relationship be-

tween the seniority variable and the personal-oriented sub-dimension score. Accordingly, it can be inferred 

that as the year of seniority progresses, academicians’ technostress scores also increase. It has been deter-

mined that there is no statistically significant relationship between the variable of seniority and the gener-

al technostress level score, and the scores of the learning-teaching process-oriented, profession-oriented, 

technical issue-oriented, and social-oriented sub-dimensions. Penado Abilleira M. et al. (2021) revealed that 
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there was a positive significant relationship between seniority and the techno-anxiety levels of university 

faculty members. Marchiori et al. (2019) discussed the positive relationship between years of professional 

experience in the public sector and technostress. In general, these findings reveal that seniority has certain 

effects on the technostress levels of academicians, but these effects vary based on sub-dimensions.

5. CONCLUSIONS
In conclusion, technostress is a crucial issue that needs to be further investigated in academic life. It is re-

lated to many key issues such as job satisfaction, performance, productivity, and burnout. Studies on the 

technostress levels of faculty members will help identify technology-related challenges specific to them and 

develop solutions to these challenges, develop strategies to increase technology integration in education, 

program development studies for teacher training, and help universities and other educational institutions 

develop their strategies regarding the use of technology. 

5.1. Limitations and future lines of research

Considering the present pace of development of technology, future studies should conduct repeated stud-

ies on a larger sample within the stipulated time limits, covering all scientific fields, and also studies on 

variables such as job satisfaction, job stress, burnout, intention to quit, job performance, and managerial 

support. It is thought that it would be useful to carry out longitudinal or experimental designs to better de-

scribe the causal connections between these variables.
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Artificial intelligence technologies 
and ethics in educational processes: 
solution suggestions and results
Tecnologías de Inteligencia Artificial y ética en los procesos educativos: 
sugerencias de solución y resultados

ABSTRACT
Artificial intelligence is a technology used to imitate the human-like thinking and decision-making abilities of computer 
systems. This technology enables computers to perform complex tasks such as data analysis, learning, problem solving 
and decision making. It is used in the field of education as well as in every field. While the use of artificial intelligence in 
the field of education provides advantages such as providing personalized learning experiences to students, providing 
teachers with intuition about student performance and developing educational materials, the ethical dimension should 
not be ignored. Therefore, the aim of this study is to produce solutions to ethical problems in the teaching and evaluation 
processes of artificial intelligence technologies in education. Qualitative research method was used in this study. It has 
adopted the phenomenological research approach among qualitative research methods. The concept of phenomenon 
is also the ethics of artificial intelligence. The working group consists of teachers, educational technologists and acade-
micians. When selecting the working group, it was taken into consideration that there were teachers who use artificial 
intelligence applications in education and academics and technologists working in this field. Document analysis and focus 
group interviews were used as data collection tools. Content analysis was performed on the data obtained. According to 
the results of the study, ethical problems encountered with the use of artificial intelligence in education were identified 
and solution suggestions were offered.

KEYWORDS  Artificial intelligence; artificial intelligence ethics; artificial intelligence in education.

RESUMEN
La inteligencia artificial es una tecnología que se utiliza para imitar el pensamiento humano y las capacidades de toma 
de decisiones de los sistemas informáticos. Esta tecnología permite a las computadoras realizar tareas complejas como 
análisis de datos, aprendizaje, resolución de problemas y toma de decisiones. Se utiliza tanto en el campo de la educación 
como en todos los campos. Si bien el uso de la inteligencia artificial en el campo de la educación brinda ventajas como 
brindar experiencias de aprendizaje personalizadas a los estudiantes, brindar a los docentes intuición sobre el desempeño 
de los estudiantes y desarrollar materiales educativos, no se debe ignorar la dimensión ética. Por tanto, el objetivo de este 
estudio es producir soluciones a problemas éticos en los procesos de enseñanza y evaluación de tecnologías de inteligen-
cia artificial en educación. En este estudio se utilizó el método de investigación cualitativa. Ha adoptado el enfoque de in-
vestigación fenomenológico entre los métodos de investigación cualitativos. El concepto de fenómeno es también la ética 
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1. INTRODUCTION
Artificial intelligence is a term that we frequently encounter today with the rapid advancement of technol-

ogy and digitalization. However, this concept was first introduced in 1950 with the question “Can machines 

think?” (Anyoha, 2017). Nabiyev & Erümit (2020) defined artificial intelligence as the ability of a comput-

er-controlled device to perform tasks in a human-like manner. This ability is used not only by private and 

state institutions, but also in higher education institutions. The applications of artificial intelligence in high-

er education are increasing day by day and have attracted even more attention in the last few years. For 

example, the 2018 Horizon report stated that artificial intelligence applications in educational technologies 

are important developments (Educause, 2018). According to the 2023 Horizon report, AI is widely used in 

education for mundane and repetitive tasks (Educause, 2023). The recent breakthroughs in AI technology, 

particularly in the realm of generative AI, have opened up new possibilities for enhancing educational pro-

cesses and outcomes. Researchers have highlighted the enormous potential of AI-powered technologies in 

areas such as collaborative, immersive, affective, and exploratory learning (Olga et al., 2023). The incorpora-

tion of AI tools into the education sector has been explored in a variety of contexts ranging from curriculum 

development and instructional strategies to educational administration and student assessment (Alzahrani, 

2022; Chen et al., 2020; Zhu, 2021).

Recently, there has been increasing research on how AI applications can be used across the learner 

lifecycle to explore pedagogical opportunities (Zawacki-Richter et. al., 2019). The use of AI helps learners 

understand the important factors behind each engagement or changes in their performance. This is thanks 

to AI’s ability to not only analyze large datasets but also to correlate between different data sources, helping 

to identify areas where real-time interventions or additional supports are needed. In this way, AI creates a 

tailored or individualized learning experience for each student, enabling them to understand and develop 

their strengths, weaknesses, abilities and challenges (Duggan, 2020). Artificial intelligence is used to per-

sonalize learning methods by taking into account students’ strengths, weaknesses, abilities and academic 

problems. This technology also helps educators to develop personalized learning strategies and analyze 

both qualitative and quantitative data. Furthermore, artificial intelligence is being used to improve the qual-

ity of distance education and deliver personalized educational programs to students to ensure effective 

teaching (Duggan, 2020). 

Artificial intelligence aims to meet the needs of each student by adapting learning environments accord-

ing to individual requirements (Harry, 2023). Artificial intelligence systems that analyze students’ learning 

de la inteligencia artificial. El grupo de trabajo está formado por profesores, tecnólogos educativos y académicos. Al se-
leccionar el grupo de trabajo se tuvo en cuenta que existieran docentes que utilizan aplicaciones de inteligencia artificial 
en educación y académicos y tecnólogos que trabajan en este campo. Se utilizaron análisis de documentos y entrevistas 
de grupos focales como herramientas de recolección de datos. Se realizó un análisis de contenido de los datos obtenidos. 
Según los resultados del estudio, se identificaron los problemas éticos encontrados con el uso de la inteligencia artificial 
en la educación y se ofrecieron sugerencias de solución.

PALABRAS CLAVE  Inteligencia artificial; ética de la inteligencia artificial; inteligencia artificial en la educación.
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styles, speeds and needs offer a more effective learning process by personalizing the learning experience 

(Tiwari, 2023). In addition, AI in education offers new opportunities to enrich students’ online learning ex-

periences with adaptive learning materials and metacognitive cues (Tapalova & Zhiyenbayeva, 2022). The 

incorporation of AI tools into the education sector has been explored in a variety of contexts ranging from 

curriculum development and instructional strategies to educational administration and student assessment 

(Alzahrani, 2022; Chen et al., 2020; Zhu, 2021). One of the main benefits of AI in education is its ability to 

deliver personalized and adaptive learning experiences tailored to the unique needs and learning styles of 

individual students. By analyzing student data and learning patterns, AI-powered systems can provide tar-

geted guidance, feedback and content recommendations, thus allowing students to progress at their own 

pace and maximize their learning potential. In addition, AI can play an important role in facilitating adminis-

trative tasks such as planning, resource management and grading, freeing up educators’ time and resources 

to focus on more meaningful and effective aspects of the teaching and learning process (Mello et al, 2023; Is-

lam, 2023). Overall, AI has the potential to improve teaching and learning outcomes in education. Especially 

considering the goals of ensuring equality of opportunity in education and ensuring that everyone benefits 

from education, it is thought that the use of artificial intelligence technologies at different educational levels 

and dimensions may be beneficial. According to the 2020 report of the UNESCO Institute for Information 

Technologies in Education (Duggan, 2020), there are some challenges and concerns about the use of AI in 

education. Among these concerns, issues related to the privacy, protection and use of the data used by AI are 

important. It is also noted that ethical issues such as racism and gender discrimination may arise in relation 

to the use of AI technologies.

There has been a huge increase in scientific research on artificial intelligence technologies. Between 

2013 and 2016 alone, the number of scientific articles on AI technologies has increased sixfold (Evans & 

Gawer, 2016). These studies generally focus on the application of existing AI technologies, proposing and/

or developing new AI models (e.g., intelligent tutoring systems), or the potential benefits of AI such as pro-

filing and prediction capabilities, assessment and evaluation, adaptive and personalized learning environ-

ments (Baz & Denizer, 2018; Zawacki-Richter et al., 2019). This paradigm shift in educational strategies has 

been explored in depth by various researchers, who have investigated the implications and possibilities of 

integrating generative AI into educational settings. However, as with any technological advancement, the 

adoption of generative AI in education also raises ethical considerations and the need for a comprehensive 

research agenda to address the challenges and opportunities it presents (Olga et al., 2023). In addition to 

all these fields of study, the ethical dimension also needs to be studied. Solutions need to be produced for 

each problem identified in the ethical field. A study was designed to create an ethical framework to make a 

distinction when evaluating artificial intelligence capabilities. This study identified five main challenges such 

as perception of equity, data privacy, moral agency, moral incompetence and bias towards data. Therefore, it 

is crucial for universities, one of society’s most influential institutions, to develop AI systems and secure new 

applications within an ethical framework to alleviate legitimate concerns. 

It is observed that ethical rules initially focused primarily on the behavior of humans using technolo-

gy. Today, however, it is also necessary to discuss ethical behavior from the perspective of machines and 

to examine the decisions and actions that machines take autonomously (Müller, 2020). AI ethics actually 

functions as a tool for the protection of privacy. Law, which is a positive science with rules and principles 
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that regulate existing situations, should create the necessary infrastructure for issues that may cause secu-

rity concerns and ethical concerns in society. Binns (2018) aimed to minimise the negative effects of these 

systems on users by addressing the issues of transparency and accountability in the decision-making pro-

cesses of AI systems. Similarly, Floridi and Cowls (2019) identified the basic principles of AI ethics, focusing 

on issues such as human rights, justice, responsibility and privacy. Furthermore, Whittlestone et al. (2019) 

provided practical guidelines to promote the ethical use of AI applications. In recent years, Crawford (2021) 

has discussed how AI can reproduce social inequalities and what policies should be developed to prevent 

this. In this context, studies on the ethics of AI offer important contributions towards ensuring the respon-

sible and fair use of technology. In this context, studies on the ethics of AI make important contributions 

towards ensuring the responsible and just use of technology. The contribution of this study to the literature 

is that it provides an in-depth understanding in the field of educational technologies and AI ethics, providing 

an important reference point for research at the intersection of these two fields. A detailed consideration of 

the ethical dimensions of AI applications in education will enable a more responsible and effective use of 

these technologies. Furthermore, such a study will raise awareness among policy makers and educators to 

promote innovative and ethical practices in education. Therefore, the aim of this study is to generate solu-

tions for ethical problems in the teaching and evaluation processes of artificial intelligence technologies in 

education. In line with this purpose, answers to the following sub-questions were sought: 

1. What are the ethical problems in educational processes related to artificial intelligence technologies?

2. What are the solutions to the ethical problems that arise in the use of artificial intelligence technol-

ogies in educational programs?

2. MATERIAL AND METHOD
In this section, information on the research model, study group, data collection tools, data collection pro-

cess and analysis are given.

2.1. Research Design

Qualitative research method was used in this study. Qualitative research method is a type of research that 

relies on qualitative data collection to understand, explain, or clarify a particular topic. Qualitative research 

is often used to understand complex issues that require in-depth analysis and explanations (Creswell, 2016). 

Qualitative research is a method that is in the process of questioning and interpreting a unique problem and 

understanding the form of this problem in its natural environment (Baltacı, 2017). Methods frequently used 

in qualitative research include observation, interview, document analysis and discourse analysis. Qualita-

tive research focuses on the in-depth examination of human perception and social reality in its natural en-

vironment and therefore adopts an inclusive approach that brings together different disciplines (Merriam 

& Grenier, 2019). This study adopted the phenomenological research approach within qualitative research 

methods. Phenomenological research is a method that aims to understand and interpret the experiences 

of individuals. This approach focuses on people’s direct expression and understanding of their experiences 

(Güçlü, 2019). The phenomenon concept of this study is artificial intelligence ethics. 



INNOEDUCA

205Innoeduca. International Journal of Technology and Educational Innovation
Cansu Şahín Kölemen

2.2. Study Group

Although various sampling methods are used in qualitative research, the sample that can best explain 

the purpose of the research should generally be selected. Therefore, in qualitative research, the appro-

priate sample is selected and studied in detail for a long time in order to reach detailed results (Merriam 

& Grenier, 2019). 

For the purpose of this study, criterion sampling, which is a purposive sampling method among various 

sampling methods, was preferred. Purposive sampling is a method in which the researcher selects a sam-

ple by focusing on a specific purpose or problem. An important feature of this sampling is that it includes 

groups or individuals with certain qualities to better explain the main purpose of the study. Criterion sam-

pling is when the researcher selects a sample based on a specific criterion (Bryman, 2016). The criterion 

for this study group was determined as the use of artificial intelligence technology in education. The study 

group consisted of teachers, educational technologists and academicians. Demographic information about 

the study group is given in Table 1.

TABLE 1. Demographic information about the participants in the study group

CODE GENDER AGE VOCATION DURATION OF USE

T1 Woman 32 Teacher 3

T2 Male 36 Teacher 4

T3 Male 28 Teacher 4

A1 Male 41 Academician 5

A2 Woman 43 Academician 4

A3 Male 39 Academician 4

ET1 Woman 31 Education Technologist 5

ET2 Woman 33 Education Technologist 4

Table 1 shows the duration of educational technology usage of individuals from different gender, age 

and occupational groups in the education sector. There are 8 participants in total. Among the female partic-

ipants there is a teacher (T1) who is 32 years old and an educational technologist (ET1) who is 31 years old, 

while among the male participants there is a teacher (T3) who is 28 years old and an academic (A2) who is 

43 years old. In terms of occupational groups, besides teachers, academics and educational technologists 

are also represented in the table.

Looking at the duration of using artificial intelligence tools, it is seen that teachers are generally inter-

ested in educational technology between 3-4 years. For example, T1 and T2 have been using educational 

technology for 3 years and T3 for 4 years. Among academicians, the duration of use ranges from 4 years 

(A2 and A3) to 5 years (A1). Educational technologists, on the other hand, generally use this technology 

between 4-5 years.
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2.3. Data Collection Tools

In qualitative research, data collection tools such as focus group discussions, interviews, observation and 

document analysis are preferred for content and descriptive analysis (Merriam & Grenier, 2019). In this study, 

focus group interviews and document analyses were conducted to reveal the solution proposals regarding 

the phenomenon. Focus group interview is a data collection technique frequently used in qualitative re-

search. Focus group interviewing is used to understand the thoughts, experiences and opinions of partic-

ipants about a particular topic or topics. Participants in the group discuss around a specific topic or issue 

identified by a researcher or moderator. The main purpose of this method is to understand group dynamics 

by enabling participants to share their ideas and experiences. Focus groups usually consist of 6 to 10 peo-

ple. They are encouraged to interact and exchange ideas (Sullivan & Forrester, 2018). In the focus interview 

group of this study, there were 8 people in total. For the interviews with the participants, a semi-structured 

focus interview form was prepared to clarify the phenomenon. The semi-structured focus interview form 

consists of two dimensions. The first dimension includes the demographic information of the participants, 

while the second dimension includes the focus interview questions. Focus interview questions consisted of 

five basic questions. The focus interview questions were prepared with care to be clear and understandable. 

Document analysis is a qualitative research method in which a researcher collects information by exam-

ining written or printed documents. These documents usually consist of various documents such as reports, 

letters, journals, books, policy documents, social media posts, and web pages (Güçlü, 2019). The process of 

scanning the written documents on the subject evaluated within the scope of the research in detail and cre-

ating a new structure from this information is referred to as document analysis (Creswell & Creswell, 2017). 

This analysis method, which is carried out together with the literature review, systematically organizes the 

researcher’s interview records and documents. While this method saves the researcher time, it also facili-

tates the prioritization of the topics examined, the categorization of data and the creation of new data sets 

(Baxter & Jack, 2008). In this study, the artificial intelligence policies developed were analyzed by examining 

the articles published in indexed journals on the subject. 

2.4. Data Collection Process and Analysis

With the determination of the participants and data collection tools, the data collection process was initi-

ated. In this process, if the researcher has not based the research problem on a sufficient theoretical frame-

work and has not chosen the appropriate sample and data collection tools, problems arise in solving the 

research problem (Creswell & Creswell, 2017). The interviews with the participants in the study, all of which 

were conducted online, lasted an average of 23 minutes. The interview questions are as follows:

1.	 What are the most prominent ethical problems you have encountered regarding the use of artificial 

intelligence technologies in educational processes? In which situations do these problems arise?

2.	 What do you think about the effects of artificial intelligence-based education systems on student 

privacy and data security? Can you share your concerns and observations on these issues?

3.	 Do you think that artificial intelligence technologies create problems in terms of justice and equality 

in education?
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4.	 What steps should be taken to solve the ethical problems arising from artificial intelligence 

technologies in educational processes? What are your suggestions?

5.	 Which policies do you think should be developed to ensure the fair and responsible use of artificial 

intelligence technologies in education? 

The data obtained in the data collection step should be verified from different sources in the literature. 

Therefore, document analysis was conducted by examining the literature. The data collected during the 

research process were content analyzed. Content analysis is a type of analysis that generally focuses on the 

main points of the researched topic. This type of analysis uses coding techniques to reveal the basic con-

cepts underlying the data and the relationships between these concepts. In this way, it allows the informa-

tion in the research process to be presented in a meaningful integrity. In content analysis, the data obtained 

from interviews and documents are generally analyzed in four stages: (1) coding the data, (2) identifying 

codes, categories and themes, (3) organizing the codes, categories and themes, and (4) describing and inter-

preting the results. These stages represent important steps in the process of in-depth analysis and interpre-

tation of data. The data collected during the research process were first coded by content analysis method. 

The coding process is carried out to ensure that the data are examined and analysed in a systematic way. 

Each piece of data is coded under themes and categories determined in line with the research questions and 

the conceptual framework in the literature. After the coding process is completed, the codes obtained are 

examined, similar codes are brought together and categories are formed. These categories represent the 

main themes and sub-themes related to the research topic. While determining the themes and categories, 

the basic concepts underlying the data and the relationships between these concepts are taken into consid-

eration. At this stage, the codes, categories and themes are organised by establishing connections between 

them. This organisation process allows the data to be presented in a more meaningful and consistent way. 

In addition, in this process, it is evaluated whether the data are in accordance with the analytical framework 

and whether they answer the research questions. In the last stage, the findings obtained from the coded and 

organised data are defined and interpreted. In this process, it is aimed to present the data in a meaningful 

integrity. The findings obtained are interpreted by comparing them with the existing information in the lit-

erature and it is evaluated whether the research questions are answered.

These stages represent important steps in the process of in-depth analysis and interpretation of data in 

content analysis. Content analysis allows the research data to be analysed systematically and comprehen-

sively, thus increasing the reliability and validity of the research results.

2.5. Validity, Reliability and Ethical Considerations

Throughout the data collection process and analysis of the study, attention was paid to validity and relia-

bility. Because the researcher needs to check the results to be obtained by the researcher in the face of the 

event or situation handled. In this study, the following were taken into consideration in line with validity 

and reliability.

•	 Participants were given detailed information about the purpose and process of the study. 

•	 The data obtained were kept confidential and codes were given to the participants. 
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•	 Participation in the study was voluntary. 

•	 The researcher also described the data obtained from the focus group interviews in an unbiased 

manner.

•	 All collected data were re-communicated to the participants to check whether they were understood 

correctly.

•	 For the validity of the study, the opinions of all participants in the study group were taken into 

consideration.

•	 Data were collected from multiple data sources about the same phenomenon.

•	 This study has limitations such as small sample size and potential self-selection bias. To overcome 

these limitations, care was taken to increase the number of participants and to represent participants 

with different demographic characteristics in order to increase the representativeness of the sample. 

For example, self-selection bias was minimized by using random sampling method in participant 

selection. In addition, participants from different regions and various socioeconomic levels were 

contacted to ensure that the study represents a wider population. These measures were implemented 

as part of efforts to increase the external validity of the study.

3. RESULTS
The first sub-research question of the study is “What are the ethical problems in educational processes rela-

ted to artificial intelligence technologies?”. Content analysis was performed for the data obtained as a result 

of the interviews and supported by document analysis. The results obtained as a result of the analysis are 

shown in Table 2. 

TABLE 2. Themes and codes related to ethical problems in educational processes 
related to artificial intelligence technologies

THEMES CODES PARTICIPANTS FREQUENCY

Privacy

Collection of student data T1, T2, T3, A1, A2, A3, ET1, ET2 8

Storage of data T1, T2, T3, A1, A2, A3, ET1, ET2 8

Data processing T1, T2, T3, A1, A2, A3, ET1, ET2 8

The problem of prejudice
Demographic factors T3, A1, A3, ET1, ET2 5

Unjust outcomes A1, ET1, ET2 3

Inequality of opportunity 
in education

Economic problems T1, T2, T3, A3, ET2 4

Demographic differences T1, A1, A2, A3, ET1, ET2 6

Emotional needs
Lack of social interaction T1, T2, T3, ET2 4

Empathy T2, A3, ET1 3

Transparency
Data trading A1, A2, A3, ET1 4

Accountability T1, T3, A1, A2, A3, ET1, ET2 7
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According to Table 2, five different themes were obtained regarding the ethical problems in educational 

processes related to artificial intelligence technologies: “privacy, prejudice problem, inequality of opportu-

nity in education, emotional needs and transparency”. When the privacy theme is examined, it is emphasized 

by all participants that the ethical dimension is important in collecting, storing and processing student data. 

Because artificial intelligence applications used in education generally collect and process student data. As 

a result of the focus interviews and document analysis, it was seen that this data includes various informa-

tion such as students’ identity information, learning habits and performances. Therefore, the collection and 

storage of personal data should comply with relevant laws and ethical standards. It is also important that 

these data are stored securely and protected against unauthorized access. Looking at the themes of the bias 

problem, artificial intelligence systems used in education can reflect prejudices. In addition, it is thought 

that they may reinforce existing inequalities due to various demographic differences. For example, student 

assessment systems have been found to produce unfair results based on factors such as gender, ethnicity 

or socioeconomic status. Regarding inequality of opportunity in education, it is seen that the difficulties 

experienced in accessing technology due to students’ economic differences are addressed as an ethical 

dimension. In addition, it has been determined that artificial intelligence applications can make subjective 

evaluations due to demographic differences. Because students who do not have access to technology or 

have limited access to technology cannot fully benefit from artificial intelligence-supported education op-

portunities. According to the emotional needs theme, teacher-student interaction decreases with the use of 

artificial intelligence in education. Therefore, it is predicted that human values and empathy may weaken. 

In terms of transparency, it is thought that the complexity and difficulty of the internal working mechanisms 

of artificial intelligence systems may lead to transparency and accountability problems in terms of how de-

cisions are made. Some of the views of the participants on the theme of privacy are given below:

“Collecting, storing and processing student data is an ethical issue of increasing importance, especially in educational institu-

tions. Policies on this should include clear frameworks and specify what should be done.” (ET1)

Some of the participants’ views on the theme of prejudice are given below:

“Artificial intelligence of course has demographic information about users. Based on this information, it can present biased re-

sults, for example, due to racist or economic inadequacies. This poses an ethical problem.” (ET2)

“Decisions made as a result of demographic diversity can lead to unfair outcomes.” (A1)

Some of the views of the participants on the theme of inequality of opportunity in education are 

given below:

“Inequality of opportunity in education is one of the problems that come to mind when we talk about technology. This inequality 

also triggers artificial intelligence ethics. Because socioeconomic problems can affect the decisions taken by artificial intelligence 

applications.” (A3)

Some of the participants’ views on the theme of emotional needs are given below:

“The use of artificial intelligence in education leads to a lack of social interaction because it reduces teacher-student interaction.” (T1)

“There is ultimately an algorithm behind the apps used and it thinks like a machine. Therefore, the ability to empathize is limited. 

This situation reveals emotional deficiencies.” (T2)
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Some of the views of the participants on the theme of transparency are given below:

“Data trade is important. Because users should have knowledge and consent about who the collected data will be shared with 

and how it will be used.” (A2)

Based on the quotes, it can be said that there is an increased awareness of important ethical and prac-

tical issues related to the use of AI and educational technologies. Participants point out that the collection, 

storage and processing of student data is an increasing ethical issue. It is important to have clear frame-

works and policies that specify what should be done in these processes. In addition, issues such as bias, 

inequality and emotional needs are among the themes that participants are concerned about. It is empha-

sized that artificial intelligence can produce biased results and reinforce inequalities by using demographic 

information. In addition, the issue of transparency and the fact that technology can cause students to expe-

rience deficiencies in the emotional context were also addressed. These comments of the participants point 

to the ethical challenges and issues that need attention in the use of artificial intelligence and educational 

technologies.

The second sub-research question of the study is “What are the solutions to the ethical problems that 

arise in the use of artificial intelligence technologies in educational programs? “. Content analysis was per-

formed for the data obtained as a result of the interviews and supported by document analysis. The results 

obtained as a result of the analysis are shown in Table 3. 

TABLE 3. Themes and codes related to the solutions to ethical problems in 
educational processes related to artificial intelligence technologies

THEMES CODES PARTICIPANTS FREQUENCY

Solution 
Suggestions for 
Ethical Problems

Informing students about data usage T1, T2, T3, A1, A2, A3, ET1, ET2 8

Establishing transparent policies A1, A2, A3, ET1, ET2 5

Use of anonymization methods A1, A3, ET1, ET2 4

Awareness raising and awareness raising T2, T3, A2, A3, ET1, ET2 5

Humanoid interactions A1, A2, A3, ET1, ET2 5

Review of training materials ET1, ET2 2

Develop algorithms that do not reflect biases A2, ET1, ET2 3

Establishing objective evaluation criteria T1, T2, T3, A2 4

State support due to economic differences T1, T2, T3, A1, A3, 5

Adopting the principle of inclusion A1, A2, A3 3

Transparency about how algorithms make decisions ET1, ET2, A1 3

Establishment of ethics committees A1, A3 2

Human-centered design ET1, ET2 2

Encryption of sensitive data A1, A2, A3, ET1, ET2 5

Limiting access to data A2, A3, ET1, ET2 4

Safety inspections A1, ET1, ET2 3
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When Table 3 is examined, it is seen that solution suggestions regarding the ethical problems in the ed-

ucational processes related to artificial intelligence technologies. Based on the collected data, it is thought 

that it should be clearly stated how the data collected from the students will be used and for what purposes 

the data will be analyzed. In addition to informing them how the data will be used, their consent should 

also be obtained. The ethical suggestion for the topic of data trade was that transparent policies should be 

developed about with whom the data will be shared. In this regard, it is emphasized that students should 

have the right to approve and reject data sharing. Anonymization of student data, in other words, hiding 

individual identity information, is important for data privacy. Both teachers and students should be made 

aware of the use of artificial intelligence applications. Because with the creation of awareness about data 

privacy, it allows users to know their rights and make healthy decisions. Artificial intelligence applications 

should also simulate empathy. Because it is important for applications to interact with students in a hu-

man-like way. While an AI-supported learning assistant supports students, it is thought to be important to 

pay attention to their emotional needs. Educational materials should be reviewed for the accuracy of the 

information they contain. Because false information and possible unethical information should be correct-

ed in the process. Training data should be diversified to reduce the risk of bias in algorithms. In addition, 

the algorithms produced should be improved and updated. Identifying economically inadequate students 

and supporting them by the state are also among the ethical dimensions. In order to reduce the subjective 

evaluations caused by demographic differences in artificial intelligence applications, the principle of inclu-

siveness should be taken into consideration. There should be transparency regarding the internal working 

mechanisms of artificial intelligence applications. It should be made clear to users about how the algorithms 

used make decisions. It is emphasized that artificial intelligence ethics committees should be established in 

educational institutions. Human-centered design can be associated with empathy. Because it comes to the 

fore that technology should have a human-centered design in order to prevent the use of artificial intelli-

gence from weakening emotional and human relations. It is also important to conduct data audits at regular 

intervals, back up, and create data recovery plans. However, authorization of data access is also among the 

important issues. Necessary data should be identified and these data should be encrypted. Some of the 

views of the participants on the theme of solution suggestions for ethical problems are given below:

“First of all, it is necessary to inform students that their data is being used.” (T2)

“How the data is used, how it is presented and with whom it is shared should be stated transparently and policies should be 

established in this regard.” (A1)

“Students’ data must be anonymized. This method is ethically important.” (A3)

“Awareness trainings about data privacy should be organized for teachers, students and administrators. Because if users know 

and are aware of what is being done with their data, they can make the right decisions.” (A2)

“Technology should be able to empathize with students and offer a human-like interaction.” (ET1)

“Objective evaluation criteria should be included in artificial intelligence applications in order to eliminate subjective evaluation 

processes. Thus, measures can be taken against biased results.” (A2)

“Artificial intelligence committees must be established in every educational institution. Because these applications are increas-

ingly taking place in the education sector. Therefore, these committees should investigate and study every aspect of artificial 

intelligence and guide other stakeholders.” (A3)
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“It should be determined which data is important and confidential. Accordingly, sensitive data should be encrypted.” (ET2)

“In addition to encrypting data, access to it should also be limited. Not everyone should have access to every data.” (A3) 

These statements of the participants show the awareness of the participants who have thought deeply 

about the use of artificial intelligence and data in the education sector and suggest various measures. First 

of all, the importance of informing students that their data is being used and transparently stating how this 

data is used and with whom it is shared is emphasized. Data privacy and anonymization are also among 

the prominent ethical issues in this process. It is also stated that awareness trainings on data privacy and 

ethical use should be organized and objective evaluation criteria should be used in artificial intelligence 

applications. In addition to these measures, technical steps such as the establishment of AI committees in 

each educational institution and encryption of sensitive data are also suggested.

4. DISCUSSION 
The use of artificial intelligence in the field of education is rapidly becoming widespread. The use of artificial 

intelligence technologies in educational processes raises various ethical problems. The research conduct-

ed by Regan and Jesse (2018) emphasizes that artificial intelligence systems in education will bring some 

ethical concerns such as privacy when compromises are made in the use of data through recommender 

systems. The statement in the OECD (2021) report proves that ethical concerns are not unwarranted. “For AI 

in education, as children are used by commercial developers to test their AI technologies, it is important to 

design and implement robust ethical guidelines and avoid any “ethical washing” (OECD 2021).

Among the ethical problems of this study, confidentiality, the problem of bias, inequality of opportunity 

in education, emotional needs and transparency stand out. Research and analysis emphasize that the ethical 

dimension is important in the processes of collecting, storing and processing student data. Also prominent 

are confidentiality, the problem of prejudice, inequality of opportunity in education, emotional needs and 

transparency. Research and analysis show that various suggestions can be developed to solve these problems.

Within the scope of solution suggestions, first of all, data privacy and security problems should be em-

phasized. It is important to comply with relevant laws and ethical standards in the collection and storage 

of student data and to ensure data security. In addition, the principle of transparency and accountability 

should be adopted in data use and analysis processes. To address these ethical concerns, it is important to 

implement strategies such as transparency and accountability in the development and use of AI systems 

in education. Another way to address the ethical concerns is through comprehensive training and educa-

tion for teachers and students on the ethical implications of AI in education. Artificial intelligence should 

stay away from biased data. This result is in line with Kalayci Onac et al. (2021) who concluded that de-

cisions about the use of AI in the educational process should respect students’ rights, privacy, and safety 

and should not discriminate against them. Anonymizing student data, informing users about data sharing 

and obtaining their consent also support an ethical approach. Improving the empathy ability of artificial 

intelligence applications and emphasizing human-centered design will also ensure that emotional needs 

are taken into consideration. In addition, steps such as the establishment of AI ethics committees in educa-

tional institutions, regular data audits and authorization of data access will also contribute to the solution 
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of ethical problems. All stakeholders should be made aware of this issue. Ma & Jiang (2023) emphasize that 

informative activities should be organized regularly to raise awareness and educate educators and students 

about the use of artificial intelligence.

To combat the problem of bias, artificial intelligence algorithms need to be diversified and improved. 

It is important that algorithms are designed to reduce demographic differences and prejudices. According 

to Ma & Jiang (2023), the development and supervision of algorithms is important to ensure the ethical use 

of artificial intelligence. In addition, reviewing the content of educational materials and correcting unethi-

cal information also supports this process. Regarding inequality of opportunity in education, problems in 

access to technology should be addressed. Students who are in economically difficult situations should be 

supported and should benefit equally from artificial intelligence technologies. In addition, it is important 

that AI applications also focus on emotional needs and improve human-machine interaction. Williamson & 

Eynon (2020) found that even if detecting, responding to, and modifying student emotions with AI systems 

improves learning outcomes, there are critical concerns about how exactly the impact is detected, what the 

impact is on future learning, educational decisions, and even whether such an application on mental health 

is ethical. Finally, there should be transparency about the internal working mechanisms of AI technologies. 

It should be made clear to users how algorithms make decisions and what impact they have on students. 

This both increases trust and lays the foundation for an ethical approach. 

As a result, a multifaceted and comprehensive approach is required to solve ethical problems related 

to the use of AI technologies in education. Wang et. al. (2020) argue that policies and regulations related to 

the use of artificial intelligence need to be determined and implemented. This approach should focus on 

protecting the privacy of student data, reducing bias, providing equal opportunities, considering emotional 

needs, and adopting transparency/accountability principles. 

5. CONCLUSIONS
In line with the findings, firstly, the collection, storage and processing of student data should be in accord-

ance with the law and ethical standards, and data security should be strictly ensured. Furthermore, the 

importance of transparency and accountability in data use and analysis processes is emphasised. In addi-

tion, users need to understand how algorithms make decisions. It is stated that regular information events 

should be organised to inform educators and students about the ethical use of AI technology and to raise 

their awareness. Algorithms should be diversified and improved, and designed in a way to reduce demo-

graphic differences and prejudices. In addition, support should be provided to students facing economic 

difficulties and their emotional needs should be taken into account. Finally, transparency about the inner 

working mechanisms of AI technologies should be ensured and policies and regulations regarding the use 

of AI should be determined and implemented. With the implementation of these recommendations, it is 

aimed to ensure the ethical use of artificial intelligence technology and to create a healthier usage environ-

ment in the field of education.

For all these, it is important to take steps in the implementation of educational policies. The emphasis 

on data privacy and security issues requires educational institutions and decision-makers to fully comply 
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with relevant legal and ethical standards. In this context, transparency and accountability principles should 

be adopted in the collection, storage and utilization of student data. Furthermore, the solutions developed 

for the use of AI systems in education should offer strategies for strengthening and effectively implement-

ing these principles. For example, steps such as the establishment of AI ethics committees in education-

al institutions, regular data audits and authorization of data access can be taken. It is also important to 

organize comprehensive training and information programmers for teachers and students on the ethical 

implications of AI in education. These programmers can focus on human-centered design of AI systems and 

applications to increase their sensitivity. Similarly, problems in access to technology should be addressed 

to reduce inequalities of opportunity among students. It is particularly important to provide support to stu-

dents facing financial difficulties and ensure that they benefit equally from AI technologies. Such practices 

can help education policies create a framework that promotes the ethical use of AI. 

In line with these results, the following suggestions can be made to policy makers and educators:

1.	 Educational institutions can establish AI Ethics Committees to oversee and promote the ethical use of 

AI technologies. These committees can strengthen the principles of transparency and accountability 

in the processes of collecting, storing and processing student data.

2.	 Regular data audits should be conducted and data access authorisations should be determined 

during the use of AI systems in education. These steps provide important safeguards to ensure data 

privacy and security.

3.	 Regular ethics training programmers for educators and students raise awareness of the ethical 

implications of AI technologies in education. These programmers can increase the sensitivity of AI 

systems by emphasizing human-centered design.

4.	 Support should be provided especially to students facing economic difficulties and they should be 

enabled to benefit from AI technologies equally. Thus, inequalities of opportunity in education can 

be reduced.

5.	 Ensuring transparency of decision-making processes and internal mechanisms of AI systems supports 

users’ trust in these technologies and their ethical use. Policies should encourage this transparency 

and should be updated when necessary.

Implementing these recommendations can help education policies create a framework that promotes 

the ethical use of AI technologies. By implementing these steps, policymakers and educators can safeguard 

important issues such as student privacy, fairness, and equity, and make the most of the potential of AI 

technologies in education.

5.1. Limitations and future lines of research

In line with the results of this study, more research can be done in the future on how algorithms can be 

developed and how prejudices can be reduced. It can make artificial intelligence technologies in education 

more human-oriented. Evaluate how successful educational institutions are in acting in accordance with 

ethical standards. Research can be conducted on the effectiveness of raising awareness of educators and 

students about the use of artificial intelligence.
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