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Preface

With the rapid development of educational technology over the past two decades, it has become

a focal point for governments, academia, educational experts, teachers, and parents worldwide,

thereby driving a wave of research in this field and further highlighting the central role of educational

technology in modern education. In-depth exploration of research in this field will uncover gaps

in the theory and practice of contemporary educational technology and provide key insights.

Therefore, the theme “Effectiveness and Sustainable Application of Educational Technology” covers

multiple thought-provoking research topics, including the online self-learning motivation of Chinese

university students during the pandemic, an evaluation method for sustainable enrollment planning

in Chinese universities based on Bayesian networks, the impact of blended teaching strategies on

the performance of first-year English major students, and a literature review on generative artificial

intelligence in educational settings. These studies expand our understanding of the application of

educational technology. The research findings related to this theme will help address questions

regarding the theoretical and practical applications of contemporary educational technology. It is

hoped that after reading this reprint, readers will further explore how to effectively apply technology

in different educational/learning settings to facilitate the cultivation of knowledge and skills from

various theoretical perspectives in the field of educational technology.

Funding: This work was supported by the Fundamental Research Funds for the Central

Universities in China (grant number: 2022NTSS52), First-Class Education Discipline Development

of Beijing Normal University (grant numbers: YLXKPY-XSDW202408, YLXKPY-XSDW202211,

YLXKPY-ZYSB202201) and 2024 Beijing Normal University‘s Teachers‘ Teaching Development Fund

Project (grant number: 2024125).

Jian-Hong Ye, Yung-Wei Hao, Yu-Feng Wu, and Savvas A. Chatzichristofis

Editors
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Over the past few decades, the development and application of educational technology
has drawn the attention of governments, academic organizations, educators, teachers, and
parents around the world. With the advent of the Industry 4.0 era, the digital transformation
of education has also been put on the agenda, making educational technology a popular
topic in educational research. Due to the continuous innovation and development of
educational technology, as well as the ongoing emergence and evolution of educational
technology theories, coupled with the significant impact of the COVID-19 outbreak in early
2020 on education, there has been a widespread realization of the importance of issues
related to educational technology.

Today, digital technology has become an important tool for achieving the goal of
providing inclusive and equitable quality education [1]. Educational technology is con-
sidered to provide learners with opportunities to receive high-quality education. If used
properly, these technologies can enable learners to study anytime and anywhere in a virtual
environment, unrestricted by time and space, creating meaningful learning experiences
for them. From the above, it is evident that new technologies in the field of education are
transforming our ideas, perceptions, and educational goals, not just our methods [2]. With
the increase in research on the use of educational technology, there is growing attention to
the psychological processes involved in teaching and learning with these tools [3]. Since
the success of educational technology is influenced by the features of human cognitive
style, it is possible for the effectiveness of technology-based education used without refer-
ence to instructional design ideologies derived from human cognition to be random [4].
Therefore, to empower students for holistic development through technology, it is essential
to understand how teachers can effectively apply technology-assisted teaching and how
students can effectively utilize technology-assisted learning. This includes educational data
mining and analysis, evaluation and feedback on teaching effectiveness, suggestions for
learning progress and methods, the comprehensive recording of multidimensional learning
journeys, multimodal learning/learning situation analysis, and providing personalized
learning plans based on individual circumstances.

The modern world requires more efficient learning models that enable students to
play a more active role in their education [5]. Moreover, these learning approaches need
to be oriented towards competency development. Digital literacy encompasses a range of
skills, knowledge, abilities, and attitudes related to digital technologies. Digital literacy
is considered one of the core competencies essential for the 21st century, contributing to
holistic development and lifelong learning. Therefore, how to effectively cultivate digital
literacy among both teachers and students has become a key issue. Additionally, topics

Sustainability 2024, 16, 8209. https://doi.org/10.3390/su16188209 https://www.mdpi.com/journal/sustainability1
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such as smart education, programming education, competency-based education, interdis-
ciplinary education, online learning communities, blended learning communities, digital
(evaluation) literacy of teachers, cloud-based textbooks, digital textbooks, teaching resource
libraries, digital platforms, learning societies, lifelong learning, lifelong education, distance
education, credit banks, multimodal analysis, educational data mining, big data analysis
models, data evaluation, the misuse of technology, technology dependency, ineffective use
of technology, long-term impacts of technology, technology transparency, user experience,
core competency education, digital literacy, media literacy, and digital competence are also
highly prominent research subjects in contemporary education.

With the rapid development of metaverse technology, educators urgently need to
understand how to apply learning theories to technology-driven learning experience design.
The design of effective metaverse technology learning experiences largely relies on a deep
understanding and integration of learning theories. Incorporating educational theories into
the design process aims to create meaningful and engaging learning experiences to attract
students and promote more effective learning outcomes. The use or implementation of
educational technology is not the sole determinant of educational outcomes. Factors such as
curriculum design, teaching methods, student characteristics, tool effectiveness, and other
variables also influence the educational experience. Thus, research topics on immersive
learning, interactive learning, self-directed learning, personalized learning, collaborative
learning, project-based learning, problem-based learning, mobile seamless learning, game-
based learning, blended learning, inquiry-based learning, ubiquitous learning, ideological
and political-based learning (IPL), information technology and interdisciplinary learning (i-
STEAM), flipped classrooms, and other student-centered learning/teaching approaches, or
online teaching/learning theory models, are receiving significant attention from educators
and field scholars. They continuously explore effective practices, which in turn fosters
ongoing innovation and development in digital learning theories.

In the theme of “Effectiveness and Sustainable Application on Educational Tech-
nology”, there are numerous research topics worth referencing. These include online
self-learning motivation among Chinese college students during the pandemic, nonlin-
ear teaching methods in economics, self-assessment of teachers’ use of mobile devices
in the context of gender awareness, evaluation methods for sustainable enrollment plan-
ning in Chinese universities based on Bayesian networks, the impact of blended teaching
strategies on first-year English majors’ performances, a literature review on generative
artificial intelligence in educational environments, the role of dynamic geometry software
in teacher–student interactions, the meta-analysis of the effectiveness of educational robots
in improving learning outcomes, challenges and opportunities in applying identification
technology to biology courses, factors influencing Jordanian scholars’ behavioral intentions
to use sustainable cloud-based quality management systems, understanding students’
views on sustainability using natural language processing techniques, a literature review
on adaptive learning systems, and the impact of electronic human resource management.
These studies expand our understanding of new applications in educational technology. Re-
search findings related to this theme will help address questions about both the theoretical
and practical applications of contemporary educational technology.

In the new era of rapid artificial intelligence development, future talent will need to
possess interdisciplinary knowledge and skills, enabling them to innovate alongside AI and
build diverse professional expertise. However, in recent months, there has been increasing
concern in academia about the use of generative artificial intelligence (AI), with one of
the main worries being that students may use generative AI tools to cheat or plagiarize
their written assignments and exams [6]. Improper use of Artificial Intelligence Generative
Content (AIGC) can lead to a lack of critical thinking, plagiarism, and complete reliance
on technology by users. Therefore, in the era of artificial intelligence, it is important to
consider how people can avoid being replaced by AI and robots and focus on developing
high-quality, highly skilled talent. Education should increasingly aim to cultivate students’
soft skills, such as innovation and critical thinking.
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Technologies such as artificial intelligence and the metaverse have fundamentally
changed the thinking, behavior, and lifestyles of stakeholders in the educational environ-
ment. This represents an irreversible trend. AIGC can generate human-like responses to in-
teract with users, including answering questions, providing feedback, and guiding learners
through their tasks. For teachers, AIGC tools can replace them in performing mechanical
and repetitive tasks, such as quickly generating teaching resources, analyzing student
progress, assisting with classroom discussions, and participating in assignment evaluations.
This allows teachers to instinctively free themselves from routine teaching duties.

At the same time, using AIGC to create videos for visualizing instructional content
represents a breakthrough in technology. It enables the possibility of virtual hosts acting
as teachers, allowing people to exist in a virtual world. At the same time, it is crucial to
pay special attention to individuals’ personal rights, such as their likeness and voice. This
underscores the importance of technology and digital ethics. Additionally, it is impor-
tant to address how to effectively disseminate knowledge through online media while
safeguarding privacy and intellectual property. This includes efficiently applying technol-
ogy for knowledge sharing, cultural transmission and preservation, scientific knowledge
popularization, and ensuring high-quality knowledge sharing, diffusion, transformation,
innovation, and documentation. Strict respect for and emphasis on technological ethics are
essential in managing educational data and privacy protection.

Research on individual differences among students helps understand the learning
difficulties they might encounter during the learning process. This understanding can
improve teaching methods, provide students with better learning advice, offer more suit-
able teaching content, and enhance teaching approaches [7]. Moreover, how to design
data-driven teaching activities based on generative artificial intelligence to meet the needs
of improving emotional experiences and promoting cognitive learning in online educa-
tion has not yet been thoroughly discussed. Furthermore, not everyone is able to adapt
to and use new technology effectively. Issues such as user behavior, user engagement,
effectiveness of use, users’ values regarding educational technology products, and their
understanding of educational technology are important topics that deserve in-depth in-
vestigation. At the same time, user experience theories and related variable validations
for metaverse technologies, including AR/VR/MR/SR/XR and AI, such as AI acceptance
models, AI usage effectiveness, AI usage attitudes, AI usage expectations, AI experience
value, AI trust, AI illusion, AI dependence, AI effectiveness, AI-related concerns, AI usage
intentions, AI literacy, AI-TAPCK, AI learning partners, and other topics, also require
ongoing exploration to address educational application issues in the era of technological
advancement. Additionally, UNESCO released the “Guidance for generative AI in education
and research” [8], which examines the significance of generative AI in education from aspects
such as governance rules, educational regulation and application policies, and the design
and evaluation of educational practices.

In the current educational field, data-driven educational management and digital
leadership are increasingly becoming key factors in improving educational quality. Be-
yond traditional teaching and learning, it is also crucial for educational administrators to
effectively use technology for management and for educational supervisors to leverage
technology for evaluation. The effective application of technology can optimize the alloca-
tion of educational resources, enhance management efficiency, and provide more precise
data support for evaluations, thereby advancing the overall development of the education
system. Through in-depth data analysis and intelligent management tools, the education
system can better address challenges, implement more scientific decision-making, and
ultimately achieve comprehensive improvements in educational quality. Therefore, topics
such as data-driven educational management and digital leadership are also among the
current hot issues.

As we face the arrival of the AI era, education must play a key role in helping people
develop global awareness, humanitarian concerns, and a sense of well-being. Technological
innovations and transformations continuously reshape human society and civilization,
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further promoting high-quality development across various industries. In China, for in-
stance, the development of new quality productive forces (新质生产力) is significantly
enhanced by educational digitalization, which plays a crucial role in building a strong
digital nation and driving technological innovation. Therefore, exploring the digital trans-
formation experiences of different countries or regions is essential for global sharing of
insights, contributing to a more prosperous and harmonious world.

As technology continues to innovate, the effectiveness of many emerging media
in educational applications still needs to be continuously explored and optimized. In
summary, educational technology is an indispensable medium and learning channel for
the future. Research on how to effectively apply it while avoiding misuse needs continuous
updates and efforts to address research gaps. Besides focusing on positive impacts, it is
equally important to explore and address negative effects or outcomes in order to develop
better strategies for response and prevention.

Author Contributions: Conceptualization, J.-H.Y. and Y.-W.H.; writing—original draft preparation,
J.-H.Y., Y.-W.H. and Y.-F.W.; writing—review and editing, J.-H.Y. and. Y.-F.W. All authors have read
and agreed to the published version of the manuscript.

Funding: This work was supported by the Fundamental Research Funds for the Central Universities
in China (grant number: 2022NTSS52), Beijing Normal University’s First-class Discipline Cultivation
Project for Educational Science (grant numbers: YLXKPY-XSDW202408, YLXKPY-XSDW202211,
YLXKPY-ZYSB202201), and 2024 Beijing Normal University‘s Teachers‘ Teaching Development Fund
Project (grant number: 2024125).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

List of Contributions

1. Li, J.; Chang, Y.; Liu, S.; Cai, C.; Zhou, Q.; Cai, X.; Lai, W.; Qi, J.; Ji, Y.; Liu, Y. Higher education in
china during the pandemic: Analyzing online self-learning motivation using Bayesian networks.
Sustainability 2024, 16, 7330. https://doi.org/10.3390/su16177330.

2. Zhou, P. Make lectures match how we learn: The nonlinear teaching approach to economics.
Educ. Sci. 2024, 14, 509. https://doi.org/10.3390/educsci14050509.

3. Balanyà Rebollo, J.; De Oliveira, J.M. Identifying strengths and weaknesses in mobile education:
A gender-informed self-assessment of teachers’ use of mobile devices. Appl. Syst. Innov. 2024, 7,
31. https://doi.org/10.3390/asi7020031.

4. Wang, K.; Wang, T.; Wang, T.; Cai, Z. Research on evaluation methods for sustainable enrollment
plan configurations in Chinese universities based on Bayesian networks. Sustainability 2024, 16,
2998. https://doi.org/10.3390/su16072998.

5. Zheng, L.; Lee, K.C. Examining the effects of “Small private online course and flipped-
classroom”-Based blended teaching strategy on first-year English-major students’ achieve-
ments. Sustainability 2023, 15, 15349. https://doi.org/10.3390/su152115349.

6. Bahroun, Z.; Anane, C.; Ahmed, V.; Zacca, A. Transforming education: A comprehensive review
of generative artificial intelligence in educational settings through bibliometric and content
analysis. Sustainability 2023, 15, 12983. https://doi.org/10.3390/su151712983.

7. Zhu, F.; Xu, B. The role of dynamic geometry software in teacher–student interactions: Stories
from three Chinese mathematics teachers. Sustainability 2023, 15, 7660. https://doi.org/10.339
0/su15097660.

8. Wang, K.; Sang, G.Y.; Huang, L.Z.; Li, S.H.; Guo, J.W. The effectiveness of educational robots in
improving learning outcomes: A meta-analysis. Sustainability 2023, 15, 4637. https://doi.org/
10.3390/su15054637.

9. Finger, A.; Groß, J.; Zabel, J. Plant identification in the 21st century—What possibilities do
modern identification keys offer for biology lessons? Educ. Sci. 2022, 12, 849. https://doi.org/
10.3390/educsci12120849.

4



Sustainability 2024, 16, 8209

10. Dajani, D.; Yaseen, S.G.; El Qirem, I.; Sa’d, H. P Predictors of intention to use a sustainable
cloud-based quality management system among academics in Jordan. Sustainability 2022, 14,
14253. https://doi.org/10.3390/su142114253.

11. Yamano, H.; Park, J.J.; Choe, N.H.; Sakata, I. Understanding students’ perception of sus-
tainability: Educational NLP in the analysis of free answers. Sustainability 2022, 14, 13970.
https://doi.org/10.3390/su142113970.

12. Koutsantonis, D.; Koutsantonis, K.; Bakas, N.P.; Plevris, V.; Langousis, A.; Chatzichristofis,
S.A. Bibliometric literature review of adaptive learning systems. Sustainability 2022, 14, 12684.
https://doi.org/10.3390/su141912684.
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Abstract: This study explored the effectiveness and sustainable application of educational technology
in a university liberal arts dance sports class. A qualitative case study was conducted with nine
students enrolled in liberal arts physical education classes at S University in Seoul in 2023. It
focused on how educational technology, including apps such as Pose & Tracking and Slopro, can
enhance students’ understanding of dance movements, promote active discussion, and facilitate
objective assessment. The findings indicate that the use of these technologies not only improved
the students’ learning experiences by facilitating visualization and feedback but also supported
collaborative learning and creative expression. This study highlights the potential of educational
technology to enhance the quality of liberal arts physical education by making learning highly
engaging and effective.

Keywords: educational technology; dance sports; liberal arts physical education; qualitative case
study; effectiveness and sustainable application

1. Introduction

The use of various technologies in education has been transforming learning methods
and experiences. Learners can learn anytime and anywhere using various devices such
as smartphones or tablets, and they can easily understand abstract and complex concepts
through simulation and visualization by using new technologies such as virtual reality
(VR) and augmented reality (AR) [1]. These educational technologies not only increase
knowledge accessibility and provide easy access to a variety of learning resources but
also promote students’ creative thinking and problem-solving skills; hence, they play
an important role in strengthening the digital technology capabilities required in future
society [2].

Educational technology has also led to innovative changes in the field of physical
education. The use of educational technology in physical education provides a great
opportunity to complement traditional physical education methods and offers learners a
more effective learning experience [3]. In the past, the application of education technology
in physical education mainly involved video shooting and analysis and access to video
learning materials through the Internet. These techniques provided an opportunity for
learners to compare and improve their motor skills and maximized the learning effect
through real-time feedback [4]. Recently, innovative technologies, such as VR, AR, and
wearable technologies, have been applied in physical education classes to further improve
the learning experience of students [5].

Research related to educational technology in the field of physical education is being
actively conducted mainly in the areas of school and elite sports. In particular, school
sports research focuses on educational skills in school sports and physical education
classes. Relevant studies mainly emphasize the importance of improving students’ motor
skills and physical activities and explore methods for improving and evaluating learners’
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motor skills through video analysis, web-based data access, and learning management
systems [6–8]. Recently, the research on the applicability of simulation technology using VR
and AR in physical education classes has expanded [9]. Meanwhile, elite sports research
relates to elite physical education and player development. In the field of elite physical
education, the research on educational technology aims to improve players’ physical
abilities and technology use [10]. Hence, research efforts are directed toward monitoring
and improving the performance of players in real time through wearable devices and data
analysis technology using sensor technology [11–13]. In addition, existing studies have
explored methodologies for analyzing game videos using video analysis technology and
strategically improving player training [14].

Educational technology research in the field of physical education mainly focuses on
the development of educational apps, but these technology development studies often
have limitations in terms of sustainability, as applications can only be used in certain types
of classes [15]. In addition, educational technology research is typically conducted in the
areas of school and elite sports, and only a few studies have been carried out in the liberal
arts field, which is a part of physical education. Liberal arts and physical education play an
important role in educating students about the importance of healthy lifestyles and physical
activities; promoting students’ physical, emotional, and social development; and enhancing
academic achievement through various athletic activities [16]. At the university level,
liberal arts and physical education not only promote adult learners’ holistic development
through physical activities but also create the foundation for their participation in leisure
activities and daily sports after graduation, thereby improving their quality of life and
leading them toward lifelong sports [17].

Considering these insights, the current study selected a university liberal arts sports
program to verify the effectiveness of physical education using educational technology.
Specifically, this study explored the effectiveness of using educational technology in uni-
versity liberal arts classes to address the gap in educational technology research in the
field of physical education and the changes in the general education field. To contribute
to the understanding of the sustainable application of educational technology in physical
education, this study aimed to identify the practical and continuous use of educational
technologies in liberal arts physical education classes by presenting class cases involving
the use of commercialized app technology. In summary, the purpose of this study is to
propose the application of educational technologies in liberal arts dance sports classes
while considering effectiveness and sustainable application and to explore ways to increase
the efficiency of liberal arts physical education.

2. Literature Review

Educational technology is an academic field that utilizes various technologies to
enhance the effectiveness and efficiency of the learning process. Physical educational
technology aims to maximize outcomes through various tools and platforms, with the goal
of improving learners’ motor skill acquisition and physical fitness [4]. Initially, it focused on
behaviorist learning theories that aimed to induce behavioral changes in learners. Recently,
however, cognitive learning theories have been applied, emphasizing learner-centered
approaches that actively engage students in acquiring skills through experience. Immersive
technologies such as VR and AR are prime examples of how cognitive learning theories are
being applied in physical education [5].

This application is particularly prominent in schools for maximizing students’ mo-
tor skills and participation. Examples of important tools are video analysis, web-based
resource access, and learning management systems [18]. Students can visually review their
performance and receive feedback, providing a shift from a teacher-centered process to
a learner-centered one [19]. Recently, there has been a rise in the use of VR and AR, as
they simulate real exercise environments [20]. These technologies provide students with
diverse exercise experiences in a safe environment, combining theoretical learning with
practical application.
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Beyond school physical education, advancements in educational technology have
also brought significant changes to the training methods in elite sports and are used to
enhance athletes’ performance. Sensor technology and wearable devices enable real-time
monitoring of athletes’ physical conditions, with the collected data being analyzed to
provide personalized feedback and enhance performance [21,22]. Additionally, video
analysis technology is used to meticulously analyze movements during competitions, and
based on this, training programs are strategically adjusted [23]. These technologies not
only contribute to improving athletes’ skills but also play an important role in injury
prevention [14].

Despite the great potential for educational technology in liberal arts physical educa-
tion, research on its use in this field remains relatively scarce. This application plays an
important role in promoting students’ holistic development and fostering healthy lifestyle
habits [24]. It is particularly crucial for adult learners, providing them with a foundation
to maintain health by continuing to engage in physical exercise [25]. This includes per-
sonalized feedback through technology, analysis of exercise data, and continuous activity
tracking via online platforms [26]. These activities have significant potential for more effec-
tive application in general physical education. Therefore, research in this area is needed
to extend knowledge of the potential benefits of the use of educational technology and to
enhance student engagement and learning outcomes.

Research investigating the potential use of educational technology in physical edu-
cation can expand toward utilizing commercially available technologies for sustainable
application. Existing research has mainly focused on the development of educational apps,
often restricted to specific class formats or environments, limiting the broader application
of these technologies in physical education [18]. However, by utilizing easily accessible
commercially available technologies, these limitations can be overcome. Practical methods
can be explored that can be applied sustainably. In particular, research that proposes
sustainable educational methods based on commercially available apps or technologies is
valuable, as it distinguishes itself from the focus on technology development research.

3. Research Method

3.1. Research Design

A qualitative case study method was used as the research method for investigating
the effectiveness and sustainable application of educational technology in a liberal arts
dance sports physical education class. Stake (2005) [27] and Denzin and Lincoln (2005) [28]
describe the case study as a qualitative research method that explores a specific case or
phenomenon in depth. It typically focuses on individuals, groups, organizations, or events,
with the researcher analyzing the case from multiple perspectives to understand its context,
process, and outcomes. Case studies are typically characterized by a detailed examination
of a small number of cases, with the primary focus on explaining and understanding phe-
nomena rather than verifying specific theories. The current study found the qualitative case
study method as suitable for finding meaning within the overall context of education [29] to
assess the effectiveness and sustainability of educational technology in liberal arts physical
education classes.

3.2. Researchers and Participants

Researcher A is a Ph.D. in Sports Pedagogy with experience in physical education
instruction at various universities since 2014. She directly taught the liberal arts dance
sports course, which is the subject of this study, applying educational technology. Re-
searcher B is also a Ph.D. in Sports Pedagogy and has taught physical education and dance
education at several universities since 2015. She observed the liberal arts dance sports
course incorporating educational technology and provided feedback on the class. The
educational philosophy, objectives, and content organization for the course design in this
study were developed based on the close collaboration between the two researchers.
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The participants in this study were students enrolled in the liberal arts dance sports
course at S University in Seoul, which was offered during the first semester (2 classes)
and the second semester (1 class) of 2023. S University offers a wide range of elective
physical education classes each semester and is well-equipped with facilities suitable for
various physical activities. Among these, the liberal arts dance sports course is popular and
attracts students from various majors. Each class consists of 30 students, with 60 students
enrolled in the first semester and 30 students in the second semester, totaling 90 students.
To ensure active participation and engagement, fostering students’ interest in dance sports
is essential.

The main research participants were nine students who actively and consistently
participated in the classes without absences and agreed to take part in the interviews. These
participants were selected using a purposive sampling method to ensure that they met
specific criteria relevant to the study [30]. Although the sample size is small, the data
collected from these nine participants were sufficient to achieve the research objectives.
Reflection papers and interviews were conducted at three points during the semester—at
the beginning, middle, and end—allowing for a comprehensive collection of data. The
repeated collection of data through both reflection papers and interviews provided in-depth
insights into the effectiveness and sustainability of the educational technology applied
in the course. Therefore, despite the small sample size, the selected participants and the
robust data collection process ensured that the study’s goals were adequately met. Detailed
participant information is shown in Table 1.

Table 1. Participant information.

Year Semester Participants Age Gender Major
Previous Elective Physical

Education Experience

2023

1st Semester
(2 classes)

1 21 Male Business Aerobics

2 20 Female Psychology -

3 22 Male Computer
Science Badminton, tennis

4 25 Male Design -

5 23 Male Economics -

2nd Semester
(1 Class)

6 20 Female Economics -

7 22 Male Physics Basketball, soccer

8 22 Female Sociology Aerobics

9 21 Female Chemistry -

3.3. Data Collection

Data were collected from a literature analysis, interviews with student participants,
students’ reflection papers, and the instructor’s reflection journal. First, during the lesson
planning phase, a theoretical review of educational technology was conducted to carefully
examine which educational technology was suitable for the dance sports classes. During the
course, data, including photographs and video recordings related to the use of educational
technology, were collected.

Second, the researchers analyzed the students’ reflection papers and conducted in-
terviews. The collection of reflection papers and the interviews were conducted three
times: at the beginning, middle, and end of the semester. The interview questions were as
follows. At the beginning of the semester, the questions were about the students’ reasons for
enrolling in the class and their expectations of the course. In the middle of the semester, the
questions were about interim evaluations of the course and assessments of the educational
technology used up to the eighth session. At the end of the semester, the questions were
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about the overall evaluation of the course, the effectiveness of the educational technology
used, and whether it would be beneficial to continue using the technology in the future.

Finally, the instructor’s reflection journal was collected. Over the course of 15 sessions,
the journal documented observations of students’ changes, the instructor’s own process
of change, and the strengths and weaknesses of the operational aspects of the class. This
journal was utilized as part of the research data. Additionally, the two researchers distin-
guished between the roles of instructor and observer and conducted discussions before
and after each session to enhance teaching effectiveness.

3.4. Data Analysis

This study aimed to explore the effectiveness of educational technology by uncovering
the meaning of learners’ experiences conveyed through the collected data as qualitative
research results [31]. In particular, it sought to understand the meaning revealed by the
various materials collected during class with respect to the application of educational
technology. Text materials related to class experiences (reflection papers, interviews, and
the instructor’s reflection journal) were analyzed through description, analysis, and inter-
pretation [32].

The data analysis was conducted in three main stages. First, various data were
collected and systematically organized, followed by a coding process to identify key
themes. In the analysis stage, a comparative analysis of the data was conducted based on
the identified themes, interpreting their meaning within a broader context. In the final
interpretation stage, the data were analyzed considering the specific context of each case,
which led to answering the research questions. The research findings were described
based on the key findings, revealing the positive impact of educational technology on the
learning process.

To enhance the validity of the data analysis, member checks were conducted, and peer
debriefing was carried out with teacher experts. Peer debriefing involved consultations
with two experts holding doctorate degrees in physical education and dance education, one
university physical education lecturer, and two dance instructors to minimize subjective
errors [33].

4. Course Design and Management

The course, which incorporated educational technology, consisted of three liberal
arts dance sports classes conducted from March to December 2023. The liberal arts dance
sports course at S University is one of the most popular among various liberal arts physical
education courses, with registration closing early due to high demand and a class size limit
of 30 students. These liberal arts physical education courses mainly target college students
who are adept at handling various digital technologies; hence, they are an appropriate
venue in which to apply educational technology. Unlike elite sports, liberal arts physical
education courses cater to students with diverse majors. Therefore, the primary objective is
not to teach sports skills but to emphasize the importance of healthy lifestyle habits and
physical activity through various exercise programs using educational technology. The
structure and operation of the dance sports course are listed in Table 2.

In Lessons 2 to 7, the students focused on learning the basic postures and movements
to systematically learn the functions of dance sports. The educational technologies used
in this process were Pose & Tracking and Slopro (see Figure 1). The Pose & Tracking
app visualizes postures and movement trajectories recorded on video. Hence, by using
the Pose & Tracking app, students can correct their postures and movements to meet the
requirements of dance sports. This app allows students to learn dance sports poses anytime
and anywhere and helps them practice even without a partner. Slopro is an educational
technology useful for learning an entire movement. Slopro is a tool for editing videos
at various playback speeds and applying any speed to different parts of a video. Hence,
students can use Slopro to play dance sports videos in slow motion, enabling them to focus
and learn challenging movements more effectively.
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Table 2. Content and activities of liberal arts dance sports class using educational technology.

Lesson Class Content Key Activities Educational Technologies

1 Orientation Introduction of instructor and
overview of the course

2

Learning basic
movements

Practice basic dance sports
posture and movement

Pose & Tracking: Visualizes
posture and movement trajectories

Slopro: Edits video playback speeds
for slow-motion viewing

3

4

5

6

7

8 Midterm Practical test on basic dance
sport movement

9
Creating

choreographic
compositions

Partner choreography Online System: Provides
discussion spaces for idea development

Living Archive: AI-generated
movements for inspiration

10

11
Group choreography

12

13

Presenting team
projects

Midterm review of group
creations

VLLO: Video editing app14 Group creation presentations

15 Class warm-up and discussion
of the presentations

  

Figure 1. Examples of Pose & Tracking and Slopro used in liberal arts dance sports.

Lessons 9–12 involved creating various choreographic compositions using the basic
movements of dance sports. This creative process helps learners develop a deeper un-
derstanding of dance sports movements and fosters creative thinking. The first part of
the process involved choreography involving student pairs. Subsequently, the process
expanded to group choreography to reduce the students’ apprehension about creating.
During the choreography classes, the university’s online system was actively used to pro-
vide discussion spaces, through which the students could refine their ideas by engaging
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in various discussions related to choreography both during and after class. Additionally,
the Living Archive program was proposed. The Living Archive program uses AI deep
learning technology to generate movements. By utilizing the movements created in the
Living Archive, students can gain ideas about their choreography and easily construct
their compositions.

Finally, Lessons 13–15 involved presenting the works created by each team. Expanded
from the pairs in the first part of the process, each team comprised four to six members.
Team formation was voluntary. Instead of presenting their work offline, the teams submit-
ted their presentations as videos. These videos were compiled using video editing apps or
programs such as VLLO. The team projects were to be a single cohesive piece with a story
centered on one theme and feature freely composed and edited content. This approach
allowed the students to experience the creative process and express their ideas innovatively
using various editing techniques. This method is particularly suitable for the current gen-
eration, who are accustomed to smartphones and expressing their thoughts using videos.
Additionally, the learners experienced a unique aspect of the class by engaging in the
creative process; this feature differentiated the liberal arts dance sports course from others
in which dance is taught alone. The first presentation of the work can be shown offline or
as a flow using a presentation. In the final lesson (Lesson 15), the videos submitted by each
team were viewed together, followed by a critique and discussion session.

5. Results

5.1. Effectiveness of Educational Technology in Understanding Movements

The application of educational technology in liberal arts dance sports classes con-
tributes to enhancing students’ understanding of dance sports content, particularly dance
movements. The students who participated in the dance sports classes applying educa-
tional technology explained that the technology used in the class helped them learn basic
dance sports movements.

I particularly liked the fact that I used the app to learn dance sports postures and
movements at the beginning of the semester. When the professor explained the movement,
she gave me various feedback such as “This is a good posture to dance in. Adjust the
size of your stride in this way,” but it is difficult to check how I am dancing because it
disappears once you dance. However, after visualizing my posture and movement using
the app, I understood the feedback of my professor better(Student 3, 2023 Spring Semester,
Class A, Interview).

Student 3 mentioned that they had positive experiences in the process of learning
posture and movements using an app in the early stages of learning dance sports. As dance
movements disappear over time, students cannot immediately check their movements [34].
In this study, the dance sports classes using apps helped the students understand the
instructor’s feedback more clearly by visualizing their movements in real time. In other
words, students can objectively observe their appearance and improve their posture and
movement using an app that visualizes their posture and movement.

The students also said that the educational technology adopted in the dance sports
classes was useful in learning difficult movements.

I used the Slopro app really often. It was a great help to me because I was able to learn
intensively while slowly and repetitively playing difficult movements. It also relieved the
pressure to memorize all the steps in class, so I was able to more enjoyably participate in
the class (Student 4, 2023 Spring Semester, Class B, Class Reflection Paper).

Student 4 mentioned that he frequently used the Slopro app in his class reflection
paper to support his learning. One of the core functions of the Slopro app is its ability
to play movements slowly, thus enabling learners to slowly analyze complex or difficult
movements and learn them repeatedly. This approach is based on the principle of chunked
learning, in which information is divided into small units [35]. In other words, through the
slow reproduction function of the app, the students could analyze complex dance sports
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movements in small parts and learn them repeatedly. This process helped them learn the
detailed elements of the entire movement step by step. One of the greatest advantages
of chunked learning is that it reduces the cognitive burden on learners, as mentioned by
Student 4 at the end of the reflection journal. Dividing the information into small units
allows each unit to be learned individually, allowing learners to understand and remember
complex information more effectively and reducing the cognitive burden [36].

Educational technology not only helps learners understand their own movements but
also plays a significant role in understanding their partner’s movements.

In my case, if I used the app to learn my movements at the beginning of the semester,
I think I would do so to understand my partner’s movements, especially when I was
working with him on creative activities. In dance sports, my partner and I must dance as
one body, so I need to know how my partner is moving so I can dance well accordingly
(Student 7, 2023 Fall Semester, Interview).

Student 7 explained that at the beginning of the semester, the app was used to focus
on individual movement practice and modification; however, in the second half, it was
used to understand and coordinate the partner’s movements. Dance sports are cooperative
partner activities, and the understanding and interdependence of partners are important
factors [37]. By the middle and second half of the semester, the students recognized the need
to coordinate and match their movements through collaboration with their partners. At
this time, the focus was on visually analyzing and coordinating their partners’ movements
using the app. In other words, because the coordination of movements with partners is
important in dance sports [38], the students performed active learning to analyze their
partners’ movements in real time and adjust them through the app. Accordingly, the app
functioned as a tool for cooperative learning and interactive feedback during the middle
and second half of the semester [39].

In summary, the application of educational technology in liberal arts dance sports
classes helps students effectively understand feedback through the visualization of move-
ments. It also reduces the learning burden through segmental and repetitive learning and
facilitates effective collaboration with partners.

In addition to these key benefits, educational technology played an important role
in enhancing the students’ creative thinking and autonomy in learning. By utilizing
technology, the students were able to experiment with and modify various movements,
thereby fostering their creativity. They also gained control over their own learning processes
and made improvements accordingly. Furthermore, by comparing their initial movements
with revised ones through real-time feedback, the students were able to strengthen their
motivation for learning. As a result, educational technology went beyond merely being a
tool for learning movements—it promoted creativity, self-directed learning, and motivation,
thereby improving the students’ overall learning experience.

5.2. Effectiveness of Educational Technology in Discussion and Assessment

In this study, the application of educational technology in the dance sports classes
provided various advantages in terms of understanding the content of dance sports and
facilitating discussion and evaluation. The students explained that they were able to engage
in more active discussions through the educational technology used in the class.

I have to use various apps in class, so I have to record the movements every time. I was
able to participate in the discussion more actively based on the recorded movements in
the creative class with a partner and team starting from the middle of the semester. In
particular, it was great to record past movements in the creative class at the end of the
semester. If I don’t remember what movement I did last time, I can just watch a recording
of it (Student 9, 2023 Fall Semester, Interview).

Student 9 mentioned that creative dance sports activities using movement records led
to active participation in the discussions. As recorded data increased the concreteness and
reliability of discussions, the students could clearly communicate their ideas and feedback
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by recording movements and conducting discussions with the team [40]. By referring to
the recording of movements, team members shared more specific and practical feedback,
which helped solve problems during the creative process [41]. Furthermore, the recording
of movements provided the students with the opportunity to review their previous move-
ments. By keeping records of past movements, the students could continuously refer to the
learning content, which aided their memory.

From the instructor’s perspective, the fact that students who were absent from class
could also participate in the discussion through the use of educational technology served
as a great advantage.

I was wondering how students who are absent or sick should participate in the creative
process every semester, but because the movements created by the students can be shared
on both sides through eTL (university online learning system) while recording them, the
students who are absent can also be included in the discussion, thereby increasing their
overall participation in the creative process(Researcher A, Reflection Journal).

Students who are absent must have access to information and materials to participate
in creative activities. By recording and sharing the recorded movements through eTL,
students who are absent can visually check their progress and understand the context of
their creative activities. This feature provides an opportunity for students to be included in
the discussion and creative process even when they are not in class. It also allows them to
continue their learning experience by minimizing the learning gap due to absence.

The educational technology used in the dance sports classes not only enabled active
discussion but also facilitated objective evaluations for the students.

It was good to be able to double-check whether I had properly evaluated the recorded
movements during the peer evaluation. Evaluation should be done objectively, but
movements have one-off characteristics, so if there were no recorded movements, it would
have been difficult to confirm whether what I evaluated was real or wrong (Student 1,
2023 Spring Semester, Class A, Class Reflection Paper).

Student 1 mentioned that the objectivity and reliability of peer evaluation could be
increased by reviewing recorded movements through the educational technology. As a
movement is one-off and instantaneous because of its nature, evaluators have no choice
but to rely on simple memory to evaluate movements [42]. In the dance sports class, the
recorded creations were submitted using the adopted educational technology. Hence,
the evaluator could review the movements repeatedly as necessary. This feature was an
opportunity to minimize errors in the evaluation process and increase its accuracy.

In summary, the application of educational technology in liberal arts dance sports
classes has advantages, as it encourages active discussion among students, minimizes
learning gaps for absent students, and enables objective evaluation.

These technologies provided the students with the opportunity to reflectively analyze
both their own and others’ movements, contributing to the enhancement of self-evaluation
skills. Additionally, by reviewing recorded movements in real-time, the students developed
critical thinking skills and created an inclusive learning environment where absent students
could participate in class. During peer evaluation, the ability to repeatedly review recorded
movements also improved the fairness and accuracy of assessments. Consequently, edu-
cational technology played a crucial role in strengthening the students’ critical thinking,
inclusivity, and fairness in the evaluation process.

5.3. Effectiveness of Educational Technology in Expression and Creation

In liberal arts dance sports classes, educational technology offers various advantages
in terms of student expression and creation. In this study, the students explained that the
educational technology used in class helped them express and create movements.

It was very nice to be able to express what I learned in dance sports in various ways
through the creative process. In the previous class, I only understood the knowledge I had
learned, but in this class, I use and apply what I have learned through creation to express
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it in various ways. In particular, what I liked about this class was that I could try various
movements using various techniques to apply the knowledge I learned(Student 5, 2023
Spring Semester, Class B, Interview).

Student 5 favored the creative process in class that allowed them to apply their
knowledge. The student also highlighted the possibility of trying various movements using
various techniques. The effectiveness of learning is revealed when students are able to
fully utilize and apply the knowledge they have acquired in learning [43]. In this respect,
the creative process in the dance sports classes was important because it encouraged the
students to use what they had learned in a practical and creative manner [44]. An important
note in the interview content of Student 5 is that the various educational technologies used
in the class provided an opportunity to experiment with and explore various expression
methods in the creative process. In other words, educational technology played a role in
opening the possibility for students to explore new expression methods beyond traditional
techniques.

Meanwhile, educational technology also played a role in reducing the burden of cre-
ation and enhancing the positive experience of creation for students who faced difficulties
in the process.

As a non-major, it was difficult for me to express or create movements, but it was easier
to use the Living Archive program introduced by the professor. Rather, the process
of creating felt more interesting and enjoyable(Student 8, 2023 Fall Semester, Class
Reflection Paper).

Student 8 explained in the class reflection paper that the Living Archive program
helped alleviate difficulties faced in the creative process. Non-majors are likely to feel
inherently burdened and experience difficulties expressing or creating movements [45].
This burden is related to a lack of related skills or knowledge, unfamiliarity with the
creative process, or lack of confidence resulting from comparisons with experts [46]. The
fact that the students felt that the creative process was interesting and enjoyable through the
Living Archive program means that the educational technology provided an environment
where the students, the subjects of the creative process, could feel satisfied and experienced
motivation. In other words, the support and resources provided by the Living Archive
program in the creative process positively changed the creative experiences of non-majors.

In summary, the application of educational technology in liberal arts dance sports
classes encourages students to express various movements and positively changes the
creative experiences of non-majors.

Educational technology served as an important tool in fostering the students’ creative
expression. Through various technologies, the students were able to explore movements
in new ways beyond traditional methods, allowing them to apply the knowledge they
had learned in more practical and creative ways. Additionally, it supported self-directed
learning, enabling the students to progress at their own pace during the creative process
and explore more options. For non-major students, the technical support helped reduce the
burden they felt during the creative process and increased their motivation. This enhanced
their confidence and satisfaction, allowing them to become more immersed in the creative
process and have a more positive learning experience. Consequently, educational technol-
ogy supported the students’ learning experiences in multiple aspects, including creativity,
self-directed learning, and motivation, significantly impacting their learning process.

6. Discussion

This study utilized various educational technologies in liberal arts dance sports classes
to explore their effects. Based on the main results of this study, the discussions related to
the application of educational technology in liberal arts physical education are as follows.

First, the application of educational technology in liberal arts physical education is
vital in the visualization of movements. Traditional physical education methods tend to
require instructors to demonstrate or rely on oral explanations for the accurate execution of
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movements [47], which change and dissipate over time [24]. Therefore, the visualization
of the movement process is essential for effective understanding and learning. Prior
studies related to educational technology in the fields of school sports or elite sports
have also emphasized the visualization of movement using educational technology [10].
Similarly, this study examined the application effects of educational technology in liberal
arts sports and found that the use of the technology significantly improved the learners’
understanding and learning experiences. Visualization of movement through educational
technology contributed to enhancing the understanding of the behavior of individual and
paired students, provided an environment in which learning evaluation and discussion
could be conducted more effectively, and supported the expression and creation processes.
These results suggest that the use of technology in physical education maximizes the
educational effect by facilitating the visualization of movement and movement processes.
This characteristic of immediate feedback in physical education through technology can
contribute to improving the quality of physical education.

Second, the application of educational technology plays an important role in im-
proving students’ self-awareness, self-regulation, and self-evaluation as metacognitive
strategies in liberal arts physical education. Metacognitive strategies enable learners to
self-check and control their cognitive processes and learning methods, including learn-
ing processes, understanding, and problem solving [48]. In physical movement classes,
self-awareness, self-regulation, and self-assessment are key factors for improving move-
ment skills and learning efficiency, which have important implications for feedback and
self-reflection related to movement performance [49]. This study presents a case in which
various educational technologies used in liberal arts dance sports classes effectively sup-
port this metacognitive strategy. Using a video app, the students were able to recognize
their movements and modify, analyze, and evaluate them according to their ideal posture.
Additionally, these technical tools allowed the students to learn freely, actively partici-
pate anytime and anywhere, and experience the recognition, regulation, and evaluation
processes. These technical tools contributed to the students’ clearer understanding of
their movements, systematically improved movement, and enabled objective evaluation.
Therefore, the use of educational technology in liberal arts physical education is useful in
strengthening learners’ metacognitive skills and enriching learning experiences.

However, despite the positive effects explored in this study, there are several limita-
tions to applying educational technology in liberal arts physical education. The disparities
in technological proficiency, accessibility issues, and complexity of tool usage can hinder
the sustainable use of educational technology. For example, differences in students’ abilities
to use technology may lead to learning gaps, and unequal access to devices or the Internet
could result in some students being excluded from learning opportunities. Additionally,
overly complex tools can reduce usability, ultimately lowering learning efficiency. To
address these challenges and ensure the sustainable use of educational technology, it is
essential to provide technical training and support programs for both instructors and
students. Furthermore, improving access to devices and resources, as well as selecting
intuitive and efficient tools, is crucial. Establishing a system for continuous monitoring
and feedback on the use of educational technology will further enhance its long-term
effectiveness and sustainability.

Third, this study is noteworthy as it explored the sustainable application of commer-
cialized and easily accessible educational technologies in liberal arts physical education.
As mentioned in the Introduction, the research on educational technology in the field of
physical education mainly focuses on the development of educational apps, and technology
development studies are limited to specific types of instruction [15]. The current study
overcomes these limitations and presents practical educational methods using existing
commercial app technologies. As a result of using various commercialized technologies in
liberal arts dance sports classes, the changes in the way the students effectively used the
technologies could be observed. Educational technology enriched learners’ learning experi-
ences and supported each stage of learning more effectively through technical tools ranging
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from visualizing movements and understanding feedback in the early stages, coordinating
and facilitating cooperative learning in the middle stage, and promoting evaluation and
creative processes in the second half. The accessibility and practicality of the technologies
played an important role in making the students participate more actively in learning
and effectively integrate technology, thereby contributing to increasing the efficiency of
education [50]. As a generation familiar with technology, the current generation of learners
has high digital utilization capabilities and is highly interested in teaching methods that
use technology [51]. Therefore, the sustainable use of educational technology must be
considered to induce in-depth participation in liberal arts physical education.

7. Conclusions and Recommendations

This study aimed to analyze the effectiveness of applying educational technology
in liberal arts dance sports classes and explore sustainable application strategies through
case studies. The use of educational technology in the liberal arts dance sports classes
significantly enhanced the students’ educational experiences. With the incorporation of
educational technology, the students received clearer and more immediate feedback, which
improved their understanding of movement techniques. In addition, the application of
educational technology increased student engagement through active discussions, reduced
learning gaps among absent students, and provided objective assessment methods. Fur-
thermore, the use of educational technology exerted a positive impact on the students’
creative expression and creative processes.

To further enhance the effectiveness and sustainable application of educational technol-
ogy in liberal arts physical education, the following recommendations are proposed. First,
faculty members must receive specialized training in the functions and utilization of educa-
tional technology tools available for physical education so that they can effectively integrate
these technologies into their teaching. Second, the accessibility of feedback systems and
learning materials supported by educational technology should be improved to ensure that
students fully benefit from these tools. Third, efforts must be made to establish a system for
continuously monitoring and evaluating student engagement and learning outcomes when
integrating educational technology into physical education classes to promptly address and
incorporate the necessary improvements. Fourth, platforms for sharing and discussing case
studies related to educational technology applications in various physical activities should
be created to support faculty members in exploring more creative and effective ways to
use technology. These approaches will contribute to enhancing the quality of liberal arts
physical education and improving students’ learning experiences.

In addition to these practical recommendations, future research should consider the
rapidly evolving nature of educational technology and its potential applications in diverse
educational settings. As educational technologies such as virtual reality (VR), augmented
reality (AR), and artificial intelligence (AI) continue to advance, their use in physical edu-
cation is expected to expand beyond traditional methods. Future studies should explore
how these emerging technologies can be integrated into liberal arts physical education
to further enhance students’ engagement, learning outcomes, and creativity. Moreover,
research should address the potential challenges posed by technological advancements,
such as disparities in access, technological proficiency, and the sustainability of integrating
rapidly changing tools into the curriculum. Investigating how to balance cutting-edge
technology with accessibility and usability will be crucial in ensuring equitable learning op-
portunities for all students. Lastly, collaboration between educators, technology developers,
and policymakers will be essential to establish frameworks that can support the long-term
and adaptable use of educational technology in physical education, accommodating its
dynamic nature.

These future-oriented research directions will not only ensure the continued ef-
fectiveness of educational technology in liberal arts physical education but also help
educators stay ahead of technological trends and adapt to the changing landscape of
educational environments.
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Abstract: The COVID-19 pandemic has led to an unprecedented shift towards online learning,
compelling university students worldwide to engage in self-directed learning within remote en-
vironments. Despite the increasing importance of online education, the factors driving students’
motivation for self-directed online learning, particularly those involving economic incentives, have
not been thoroughly explored. This study aims to address this gap by analyzing large-scale data
collected from 19,023 university students across China during the pandemic. Using mixed Bayesian
networks and multigroup structural equation modeling, the study explores the complex relationships
between personal characteristics, academic characteristics, the academic environment, and students’
motivation for self-directed online learning. The results reveal significant associations between online
self-directed learning motivation and personal characteristics. such as gender and age, academic
characteristics, such as education level and learning incentives, and the geographic location of the
school within the academic environment. Moreover, the causal relationship between school location
and online self-directed learning motivation varies by gender and educational level. This research
not only provides new empirical support for the theoretical framework of online learning motivation
but also contributes to the broader fields of educational psychology and online learning research.

Keywords: online self-directed learning motivation; online search; learning-incentive money; hybrid
Bayesian networks; multigroup structural equation modeling

1. Introduction

In early 2020, the outbreak of the COVID-19 pandemic led to the largest educational
disruption in history [1], and several countries and regions worldwide took measures to
suspend classes in response to the outbreak. The effects of the outbreak did not spare ex-
tracurricular educational institutions in China; as universities went into lockdown, students
could not participate in offline extracurricular training. Thus, after-school providers had
to shift from traditional teaching models to online ones to reduce direct person-to-person
contact [2–4]. In this context, the transition to online learning in higher education has accel-
erated, prompting a large number of university students to engage in self-directed learning
within remote environments [5]. However, compared to primary and secondary school
students, university students face the dual challenges of rapidly updating knowledge and
increased employment pressures. To be able to keep up with the times and enhance their
competitiveness, they usually take the initiative to study to acquire increasingly advanced
knowledge and skills.
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Proactive learning is not merely about meeting employment challenges, but it is also
about achieving personal psychological fulfilment and self-worth. However, maintaining
university students’ learning motivation, particularly in the context of online courses during
the pandemic, has become a major challenge. Research has shown that different types of
social support, professional courses, learning institutions, learning environments, and other
factors affect self-directed learning motivation [6–10]. For example, Baeten et al. [6] studied
the effects of different learning environments on students’ motivation to learn and achieve.
Li et al. [2] found that students’ grade level, gender, and learning environment may be
important factors affecting academic performance in online education, and Wei et al. [11]
found that groups with self-directed learning motivation showed higher perceived learning
outcomes than their peers.

While these studies have significantly contributed to understanding learning motiva-
tion in traditional educational settings, the factors driving university students’ self-directed
online learning, especially those involving economic incentives, have not been sufficiently
explored. Economic incentives, such as learning-incentive money (which may include
rewards, subsidies, or scholarships), are particularly relevant in online learning environ-
ments. These financial incentives can motivate students by providing tangible rewards for
academic achievements, which, in turn, can enhance their self-directed learning motivation.
For example, monetary incentives have been shown to increase students’ engagement
and effort in laboratory-based tasks, but their effectiveness in natural educational settings
has yielded mixed results [12,13]. Understanding how learning-incentive money interacts
with other personal and academic factors to influence motivation is crucial for developing
effective strategies in online education.

Most research to date has focused on small sample sizes and has primarily analyzed
offline learning models, making it difficult to generalize findings to the broader context
of the global shift to online learning. Therefore, it is necessary to analyze data from large
samples of university students during the COVID-19 pandemic to explore how personal
characteristics, academic characteristics, and the academic environment influence online
self-directed learning motivation. Additionally, conducting subgroup analyses among
undergraduate, master’s, and doctoral students can provide deeper insights into how these
variables affect different groups.

Based on this, the objectives of this study are: (1) to analyze how university students’
personal characteristics, academic characteristics, and academic environment variables
influence online self-directed learning motivation using large-scale sample data, and to
explore the causal relationships between these factors; (2) to conduct subgroup analyses of
undergraduates, master’s students, and doctoral candidates to gain a deeper understanding
of how these variables influence online self-directed learning motivation across different
groups. The findings of this study will not only provide new empirical support for the
theoretical framework of online learning motivation but also contribute to the fields of
educational psychology and online learning research. Furthermore, these insights will offer
valuable information and recommendations for the development of future online education
platforms, course design, and teaching strategies, particularly in promoting the sustainable
development of online education in a globalized context.

2. Theoretical Framework

2.1. Self-Determination Theory and Online Learning Motivation

Self-Determination Theory (SDT), developed by Ryan and Deci [14], is a widely
recognized framework for understanding motivation within educational settings. SDT
categorizes motivation into two types: intrinsic and extrinsic. Intrinsic motivation arises
from the inherent enjoyment and interest in the activity itself, while extrinsic motivation
is driven by external rewards or pressures. According to SDT, three basic psychologi-
cal needs—autonomy, competence, and relatedness—must be satisfied to foster intrinsic
motivation and optimal learning performance.
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In the context of online autonomous learning, these needs are particularly critical.
Autonomy refers to a student’s sense of control over their learning process, while compe-
tence refers to their confidence and ability to successfully complete online learning tasks.
Research indicates that students with intrinsic or self-determined motivation typically
achieve more positive learning outcomes [15,16]; for example, they are better able to adapt
to academic life, have lower levels of perceived stress, and can engage in more sustained
learning [17,18]. With the rapid advancement of technology, the manner in which people
learn or acquire new knowledge has changed, and one major change is that an increasing
number of students are choosing to receive education online [19]. Autonomy is a key fea-
ture in online learning [20,21]. This surge in demand for online learning resources further
underscores the importance of self-directed learning motivation in this new educational
environment.

2.2. The Impact of Personal Characteristics on Online Learning Motivation

Students’ personal characteristics, such as gender, age, and educational level, are
closely related to their learning motivation [22]. A study found significant gender dif-
ferences in self-directed learning motivation [20], where girls usually show a higher au-
tonomous motivation to learn [23]; this trend may contribute to their higher academic
achievement. Ethnicity is associated with student autonomy and, during distance learn-
ing throughout the pandemic, curiosity among Latino students enrolled in ethnic studies
courses improved during the school year, although students’ stress and motivation were
lower. Additionally, research has indicated that, as people age, they tend to develop a
stronger sense of autonomy; older individuals are better at internalizing their goals and
personal initiatives than younger individuals.

2.3. The Role of Academic Characteristics in the Formation of Learning Motivation

Academic characteristics, such as school atmosphere and reward systems [24], play
distinct roles in influencing students’ motivation and online learning behaviors. Economic
Incentive Theory posits that monetary rewards can significantly influence behavior by in-
creasing the perceived benefits of specific actions [25,26]. In educational settings, economic
incentives have been shown to enhance student engagement, particularly in environments
where motivation may be low. In online learning, where immediate guidance and timely
feedback are often challenging to provide, learning-incentive funds can serve as an effective
external motivator, enhancing students’ extrinsic motivation and thereby promoting greater
engagement in their studies [13]. It is worth noting that reward mechanisms in the form of
external incentives may also lead to learner overdependence, with various implications
for human behavior [27]. In addition, a correlation exists between academic climate and
academic performance. Negative school belonging has been noted to negatively impact
intrinsic motivation and perceived learning [28]. Higher-level schools offer a more com-
prehensive curriculum, better-quality educational resources, and a learning environment
suitable for the development of self-directed learning skills. Such schools tend to encourage
active inquiry and self-directed learning processes, and they may provide more external
resources and opportunities to promote the development of self-learning skills.

2.4. The Impact of Academic Environment on Learning Motivation

The academic environment, including school type, geographic location, and economic
background, often influences the resources and opportunities available for self-directed
learning. Schools’ geographic location and economic level typically correlate with access
to richer online learning resources. In areas of higher economic development, schools are
likely to have more resources available for pedagogical innovation, thus providing students
with a wealth of learning material and environments that enhance their self-directed
learning. Conversely, in less-affluent economies, the investment capabilities of schools
and families in education may be constrained, potentially inhibiting the promotion of self-
directed learning. Students from lower socioeconomic backgrounds and rural communities
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may require additional support to overcome educational challenges—particularly those
exacerbated by the COVID-19 pandemic. Furthermore, the nature of a school (i.e., whether
it is academic, technical–vocational, or comprehensive) influences the development of self-
learning capabilities. Academic-oriented schools may place greater emphasis on theoretical
knowledge and research skill development, thereby facilitating self-directed learning,
whereas technical vocational schools may prioritize skills-based and practical learning
experiences. Overall, the evolution of self-learning is affected by multiple factors: a school’s
type, nature, and geographic location can directly or indirectly impact the distribution of
educational resources, selection of educational strategies, and improvement of educational
quality, all of which, in turn, shape students’ capacity for self-directed learning.

This study integrates principles from Self-Determination Theory and Economic Incen-
tive Theory to develop a comprehensive model that explains the factors influencing college
students’ motivation for self-directed online learning. The model posits the following:

(1) Learning-incentive funds, as an external motivating factor, can enhance extrinsic
motivation while potentially fostering self-directed learning motivation in an online
setting.

(2) Personal characteristics (such as gender and age), academic characteristics (such as
educational background and reward systems), and the academic environment (such
as school type and geographic location) significantly impact students’ learning moti-
vation, with these factors being particularly crucial in online learning environments.

(3) The interaction among these variables is expected to reveal how different groups
respond to the challenges and rewards of online learning.

3. Method

3.1. Data Collection

In our study, we used the online search frequency of students on the learning platform
as a key indicator of online self-directed learning motivation. Online search frequency
refers to the rate at which students actively search for learning resources and information
through the platform during their studies. This behavior reflects students’ willingness and
ability to actively acquire knowledge, making it an external manifestation of self-directed
learning motivation [16,29]. Furthermore, online search frequency data is easily accessible
and can provide real-time insights into students’ learning motivation, making it a feasible
and meaningful indicator for large-scale studies.

The survey data collected during the pandemic was provided by the Chinese educa-
tional technology company Zhuolang Technology. This company offers a wide range of
content across various academic disciplines, enabling both undergraduate and graduate
students to easily access academic materials and learning resources. Additionally, the
company provides learning incentives based on students’ academic performance, including
rewards, subsidies, or scholarships. These financial incentives can be used by students to
purchase learning materials, pay for course fees, or serve as rewards for completing specific
learning tasks.

The raw data were collected in the form of web search logs, which detailed students’
search activities on the platform. Each log entry included information on search frequency,
timestamps, and the types of content accessed. Additionally, demographic and academic
information about the students, such as gender, age, ethnicity, educational level, and
school characteristics, was included. To ensure the quality and accuracy of the data, we
employed several data cleaning procedures. First, we removed any duplicate or incomplete
entries from the dataset. Next, we standardized the format of the remaining data to ensure
consistency across different variables. For categorical variables, such as search frequency,
we categorized the data into five ordered levels based on the actual number of searches.
Finally, we identified and appropriately handled any outliers that could impact the analysis,
maintaining the integrity of the dataset. As a result, these data are highly reliable and
representative, providing a solid foundation for analyzing and revealing differences and
similarities between groups.
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We utilized hybrid Bayesian networks (BN) and multigroup structural equation mod-
eling (SEM) for the causal analysis of the data (Figure 1). In the first stage, we considered
gender, age, and ethnicity as students’ personal characteristics, and school level, educa-
tion level, length of time spent in school, and learning-incentive money as their academic
characteristics. The number of learning incentives on the online education platform is the
number of incentives students received on that platform. We used school type, school
nature, school economic geographic location, and school regional geographic location as
academic environment variables. We adopted a hybrid BN-based approach to identify
causal links between online self-directed learning motivation and learner characteristics
(student personal characteristics, academic characteristics, and academic environment
variables) among university students. In the second stage, we extracted online self-directed
learning motivation as the core key variable and built a multigroup SEM with high causal
arc strength as a premise from which important causal relationships were mined. In the
third stage, we used multigroup SEM for group difference analysis to determine whether
significant differences existed between the groups.

Figure 1. Flowchart.

3.2. Bayesian Networks

The BN is a probabilistic graphical model consisting of a set of random variables and
a Directed Acyclic Graph (DAG) [30], where nodes denote random variables and edges
denote dependencies between these variables. This model allows the dependencies encoded
in the DAG to be mapped to the probability space through conditional independence
relations, thus performing quantitative probabilistic inference under uncertainty. BN can
effectively handle large sample data to determine causal relationships among variables
related to online self-directed learning motivation. BN is capable of dynamically adjusting
its network based on the data presented or input, enabling it to successfully manage
large and multivariate datasets, as well as handle incomplete or uncertain knowledge or
information [31,32]. However, BN is less robust in theoretical interpretation compared
to SEM [33,34]. Therefore, some studies combine these two models to establish causal
relationships [35,36].

3.2.1. Dependency Establishment

Let U = (x1, x2, . . . , x12) be the set of input points and a total of one variable which
represent SEX, MON, FRE, LEN, EDU_L, AGE, SCH_L, NAT, ECO_L, LOC, TYP, SRN
shown in Table 1. A BN on a set of variables U is a network structure which is a DAG on U
and a set of probability tables [37]:

BP = {P(xi|pa(xi), xi ∈ U)} (1)

where pa(xi) is the set of the antecedents of xi in BN and i = 1, 2, 3, . . . , 12.
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A BN represents joint probability distributions (2):

P(U) = ∏xi∈U p(xi|pa(xi)) (2)

3.2.2. Structure Learning for Weighted Hybrid Peter-Clark–Hill-Climbing
(PC-HC) Algorithm

The Peter-Clark–Hill-Climbing (PC–HC) algorithm, based on a weighted mixture,
takes full advantage of the independence of scores and conditions. Among them, the
method based on the conditional independence test is more efficient and can obtain the
optimal global solution [38]. The scoring algorithm is a local search strategy with the
problem of getting caught in local poles and saddle points, but it is more flexible in the
way it changes the network’s structure [39]. The hybrid algorithm first obtains the graph
structure according to the Peter-Clark (PC) algorithm and then uses the Hill-Climbing (HC)
algorithm to connect the learned structures of each subgraph, and weighted corrections are
made to the two graph structures to obtain the optimal BN structure.

1© Peter-Clark algorithm (PC)

As an algorithm based on the assumption of conditional independence, the PC al-
gorithm can be flexibly combined with various conditional independence tests to infer
causality between variables and thus obtain the optimal global solution [40]. The core idea
of the PC algorithm is conditional independence using the following d-separation principle:
the set of nodes I can separate nodes m and n, and no valid path exists between m and n if
and only if I is given.

2© Hill-Climbing algorithm (HC)

As a score-based structure learning algorithm, the HC algorithm usually starts with
an empty graph. It explores the search space of the graph by adding, deleting edges, and
edges to maximize the target score and stops iterating when changing the structure of the
edge neighbors; then, the score no longer increases to obtain the optimal structure of the
graph, which may also be a local optimum [41,42].

After obtaining network structures G1 and G2 based on the two methods, the new
network structure G is obtained by mixing and weighting the networks using the set weight
vectors and selecting the substructures for subsequent analysis.

3.3. Multigroup Structural Equation Model (SEM)

SEM is a causal modeling approach that combines causal information with statistical
data to quantitatively assess the relationship between the variables under study [43].
It allows for better control of measurement errors than general regression analysis and
supports the construction of complex multivariate models. The main purpose of multigroup
SEM analysis test is to assess whether the path model map can be adapted for other different
groups when matched to one group [44], as defined in [45].

η = Bη + Γξ + ζ (3)

where η = m × 1 is a vector of latent variables, in this project, m = 6 is reflected in the key
network which supports the implementation of the structural equation model; ξ = n × 1
is a vector of latent exogenous variables; B = m × m is a matrix of coefficients associated
with latent endogenous variables; Γ = m × n is a matrix of coefficients associated with
latent exogenous variables; and ζ = m × 1 is a vector of error terms associated with
endogenous variables.
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Table 1. Descriptive analysis (n = 19,023).

Variables Abbreviation Count Percentage (%)

Gender sex
Men 12,333 0.65

Women 6690 0.35
Ethnicity ETH

Ethnic Han 17,368 0.91
Ethnic Minorities 1655 0.09

Age AGE
≤18 248 0.01
19 2686 0.14
20 4843 0.25
21 4464 0.23
22 3143 0.17
≥23 3693 0.19

School level Sch_l
First-rate universities and disciplines 2979 0.16

Full-time college 11,535 0.60
Higher vocational college 4509 0.24

School-running nature SRN
Public school 15,474 0.81
Private school 2630 0.14

Independent college 905 0.05
Chinese–foreign cooperatively run schools 14 0.00

Length of schooling (year) LEN
1.5 3 0.00
2 838 0.04

2.5 68 0.00
3 5555 0.29

3.5 1 0.00
4 11,806 0.62
5 729 0.05
6 2 0.00
8 21 0.00

Type of school typ
Research university 1432 0.08
Applied university 13,061 0.68
Technical university 4530 0.24

Education level Edu_l
Junior college 5092 0.27

Undergraduate 13,050 0.69
Master’s degree 797 0.04

doctor 84 0.00
Online search frequency fre

Low frequency 4400 0.23
Less frequency 3145 0.17

Average frequency 3859 0.20
High frequency 3806 0.20

Very high frequency 3814 0.20
School area geographic location loc

South China 2352 0.12
North China 2886 0.15
East China 4816 0.25
Southwest 2238 0.12
Northwest 1451 0.08

Central China 3434 0.18
Northeast China 1846 0.10
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Table 1. Cont.

Variables Abbreviation Count Percentage (%)

Economic and geographic location of the school Eco_l
First-tier city 7809 0.41

Second-tier city 4978 0.26
Third-tier city 3302 0.17

Fourth-tier city 2006 0.11
Fifth-tier city 928 0.05
Money (CNY) mon

≤5 111 0.01
5–10 11,172 0.58

10–15 206 0.01
15–20 7191 0.38
≥20 343 0.02

4. Results

This section presents the main results of the study, with a detailed focus on how
personal characteristics, academic factors, and academic environment variables influence
college students’ motivation for online self-study. By analyzing large-scale sample data,
we identify key relationships between these variables and online learning motivation, and
examine the differences across various groups (e.g., gender, education level). These findings
will serve as the foundation for the subsequent discussion, where we will further explore
how these results address the research questions posed in this paper.

4.1. Descriptive Analysis

A total of 19,023 items of data for 2392 Chinese universities were obtained from
the survey. According to the results of the descriptive statistical analysis (Table 1), men
accounted for 65% of the sample size, and women accounted for 35%—slightly less than
men. In terms of age distribution, students in their 20s predominated, accounting for 25% of
the sample. In terms of school level, students from top-ranking and world-class universities
accounted for 16% of the sample size; students from general universities accounted for
60%, and students from higher education institutions for 24%. In terms of the nature of
schooling, most students were from public schools, accounting for 81% of the sample. In
terms of student duration, most students (42% of the sample) were in four-year programs.
In terms of the type of school, applied universities were the majority, accounting for 68% of
the sample, followed by technical universities at 24% and research universities at 8%. In
terms of students’ education level, undergraduate degrees were predominant (69% of the
sample). In terms of the frequency of searches, this was very high for 20% of the sample
and very infrequent for 23%. In terms of the schools’ regional geography, students were
more evenly distributed, with 25% of the sample located in East China. In terms of the
schools’ economic geography, most students were in first-tier cities, accounting for 41% of
the sample.

4.2. Results of BN

In this study, a hybrid BN was adopted for structural learning to obtain causal links
between variables, and the data were preprocessed using R 4.2.0 to obtain DAGs and key
networks, as shown in Figure 2.

The results obtained using the PC and HC algorithms were generally consistent.
However, to enhance the interpretability of the structure and make the results easier to
understand and accept, we adjusted the network structure according to a priori knowledge;
that is, we used a weighted integration method to reconstruct a more realistic hybrid
BN (Figure 2b). Figure 2a is found to be more credible than Figure 2b based on domain
knowledge, setting the percentage of network credibility of Figure 2a to 0.7.
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Figure 2. (a) An initial BN model using the PC algorithm; (b) an initial BN model using the HC
algorithm.

Figure 3 shows the optimal BN for this study, where arcs with a scale close to 1 are
considered more robust in terms of causality, whereas the opposite is true for arcs close
to 0. We extracted substructures using online self-learning dynamics as key variables to
provide a basis for subsequent group difference analysis and obtained the following key
network using dual core search frequency and learning-incentive money as leaf or parent
nodes (Figure 3). The independent learning variables are mainly causally related to gender
and age in the students’ personal characteristics, education level in the students’ academic
characteristics, and the school area’s geographic location in the academic environment
variables. In contrast, in this study, the independent learning variables were not related
to ethnicity, school level, year, school type, nature of school operation, and economic
geographic location of the school.

Figure 3. Key Networks.

4.3. Results of SEM

After the BN combined a causal model that gave the maximum likelihood based on
the data, we used SEM to check which nodes and arcs were reasonable and determine the
robustness of the BN’s bootstrap approach. In addition, to enhance the interpretability
of the structure and make the results more understandable and acceptable, we slightly
adapted the initial structure to the domain knowledge.
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Table 2 presents the final model fit indices. The root mean squared error of approxima-
tion (RMSEA) [46] is less than or equal to 0.08; the incremental fit index (IFI) is greater than
or equal to 0.90; the comparative fit index (CFI) [47] is greater than or equal to 0.90, and
the Goodness of Fit Index (GFI) is greater than or equal to 0.90, which is considered to be
a good model fit [48]. The important fit indicators in this study are within the acceptable
range of suggested values; therefore, the SEM model fits well.

Table 2. The fitting index value of multigroup structural equation modeling (n = 19,023).

X2 X2/df RMSEA IFI CFI GFI

No-group measured value 66.151 9.450 0.021 0.951 0.950 0.999
Gender
Women 5.34 0.995 0.025 0.972 0.972 0.998

Men 14.999 3 0.013 0.978 0.978 1
Education level
Junior college 9.253 0.313 0.016 0.972 0.971 0.999

Undergraduate 19.799 4.95 0.017 0.971 0.971 0.999
Master’s degree 9.968 2.492 0.041 0.524 0.088 0.995

Figure 4 shows the standardized path coefficients and significance levels between
the variables in the study model. The SEM results largely confirmed the significant arc
of BN, except that student search frequency was negatively correlated with school area
and geographic location. In addition, the path coefficients for the total sample and the
subgroups converged broadly, demonstrating stable causal pointing between the variables.
Of these, in terms of motivation to learn independently online, online search frequency
(β = 0.082, p = 0.001) significantly influenced learning-incentive money. Gender (β = 0.038,
p = 0.001) and age (β = 0.135, p = 0.001) also significantly influenced the frequency of online
searches.

Figure 4. Diagram of the SEM.

4.4. Results of Multi-Group SEM

To determine whether the associations between subjective learning motivation and
college students’ age and geographic location of the school area differed across gender and
education level, we used two variables—college students’ gender and education level—as
the basis for multigroup analysis to divide the model. The results (Table 2) showed that the
important fit indicators were within the acceptable recommended values; therefore, the
model fit was good.

Figure 5a shows the results of the multigroup SEM analysis based on gender. The
SEM for women (Figure 5a) shows a positive and significant correlation between age
and students’ search frequency (β = 0.128, p = 0.001) and education level (β = 0.291,
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p = 0.001), a positive and significant correlation between students’ search frequency and
learning-incentive money (β = 0.085, p = 0.001), and no correlation between students’
search frequency and school area’s geographic location (β = −0.016, p = 0.178); moreover,
education level (β = 0.042, p = 0.001) was positively and significantly associated with
learning-incentive money.

 

Figure 5. The results of multigroup SEM analysis based on gender: (a) women; (b) men.

The SEM for men (Figure 5b) showed a positive and significant correlation between
age and students’ search frequency (β = 0.139, p = 0.001) and education level (β = 0.087,
p = 0.001), a positive and significant correlation between students’ search frequency and
learning-incentive money (β = 0.078, p = 0.001), and a negative and significant correlation
between students’ search frequency and school area geographic location (β = −0.024,
p = 0.008); moreover, education level (β = 0.053, p = 0.001) was positively and significantly
associated with learning-incentive money.

Then, we analyzed multi-cluster structural equation modeling based on education
level. Figure 6 (right) shows the results of the multigroup SEM analysis based on education
level. The model plots for students in junior college education and the individual path
coefficients (Figure 6a) show a negative correlation between students’ search frequency and
school area’s geographic location (β = −0.033, p = 0.020), a negative correlation between
genders (β = 0.036, p = 0.010), a positive correlation between age (β = 0.127, p = 0.001) and
students’ search frequency, and a positive and significant correlation between students’
search frequency and learning-incentive money (β = 0.080, p = 0.001).

Figure 6. The results of multigroup SEM analysis based on education level: (a) tertiary education;
(b) bachelor’s degree; (c) postgraduate qualifications.
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The model plots for undergraduate students and the individual path coefficients
(Figure 6b) show that students’ search frequency is not related to the school area’s geo-
graphic location (β = −0.015, p = 0.083); gender (β = 0.041, p = 0.001) and age (β = 0.168,
p = 0.001) are positively related to students’ search frequency; and students’ search fre-
quency is positively and significantly related to learning-incentive money (β = 0.086,
p = 0.001).

The model plots for students with postgraduate qualifications and the individual path
coefficients (Figure 6c) show that students’ search frequency was independent of school
area geographic location (β = −0.053, p = 0.117); gender (β = 0.024, p = 0.476) and age
(β = 0.055, p = 0.101) were independent of students’ search frequency; and students’ search
frequency was independent of learning-incentive money (β = −0.005, p = 0.874).

The findings for the postgraduate group are contrary to those of the overall relationship
graph. Potential influences may cause the relationships for the variables explored to not
hold, and this group may be more oriented toward academic studies than toward traditional
exam education. Therefore, the learning characteristics explored did not have a significant
causal relationship in this group.

5. Discussion

In terms of students’ personal characteristics, gender and age were significant factors
influencing motivation for autonomous learning. Furthermore, age had a slightly higher
impact on self-directed learning in the men’s group than in the women’s group, which
may be due to the traditional division of labor between men and women, where men are
primarily responsible for providing for their families. Although the number of women has
risen in recent years, and their contribution to household income has grown, overall, the
core of household income remains male. Under the same social pressures, older men, who
are often pressured to be employed to support their families, may be more anxious about
learning independently (and more motivated to do so) than women. In addition, the effect
of age on educational attainment is significantly more relevant in the men’s cohort than in
the women’s cohort, which may be due to the fact that age plays a crucial role in women’s
post-college human capital investment decisions. Zhang et al. note that, according to
Census and CFPS data, women who enter school at a relatively later age are less likely than
men to enter graduate school [49]. The act of delaying employment and marriage as they
age puts women at a disadvantage in the labor and marriage markets, which is considered
an opportunity cost of investing in human capital after college.

In terms of students’ academic characteristics, learning-incentive money was positively
correlated with motivation for autonomous learning. This is consistent with previous
research showing that small rewards enhance autonomous motivation [50]. Learning-
incentive money is a moral and material incentive to help students realize their self-
worth, which motivates college students to study independently online and prompts
them to engage more actively in their own behavior. Appropriate rewards can replace
feedback from online educators, making it possible to achieve desired learning outcomes
in a learning environment with limited personal interaction. The education level was
also significantly and positively associated with learning-incentive money; this may be
because less-educated students have less awareness of their careers, lack initiative and
self-motivation to learn, and therefore receive less learning-incentive money. In addition,
students with specialized qualifications tend to have a pronounced herd mentality and
generally less self-control compared to undergraduate students and are prone to indulging
in these establishments, which are conveniently located and rich in recreational venues [51].
Therefore, a region’s geographic location influences the self-learning motivation of students
with tertiary qualifications. The doctoral degree group is more inclined to academic
research than traditional examination-based education; therefore, in this group, we found
no significant causal relationship among the learning characteristics explored.

In terms of academic environment, students’ motivation for self-learning was often
affected by the geographic location of the school area. For example, the level of Internet
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development in China’s eastern coastal regions was significantly higher than that in the
central and western regions, and the level of network construction in cities was signif-
icantly higher than that in rural areas. The existence of poorer network environments
in remote areas, the lag phenomenon when learning online, and the inability to operate
and experience technological software all directly affected the students’ learning progress
and search results. We also found that the women’s and men’s groups diverged in terms
of the impact of the school area’s geographic location on self-directed learning, and this
gender difference may be related to cultural and social expectations. According to Ong,
cultural, social, and institutional biases contribute to women’s inability to fit into the current
culture’s power spaces, which are more pronounced in science, technology, engineering,
and mathematics (STEM) professions [52]. Some cultures tend to place more emphasis on
men’s roles in the workplace and society, whereas women are more often considered the
primary caregivers of the family. This cultural and societal expectation may lead men to
focus more on advantages of geographic location, such as school reputation and ranking.

6. Conclusions

University students’ education is essential for the dissemination of knowledge, techno-
logical innovation, and sustainable social development. Although the COVID-19 pandemic
has transformed traditional offline classroom education into online education, higher edu-
cation still faces new challenges and opportunities. Taking Chinese college students as the
research object, we selected factor variables related to their online learning, and models
and analyzed their motivation for online self-directed learning by means of hybrid BN and
multigroup SEM. The main findings and conclusions are summarized as follows.

Overall, the SEM test results were broadly consistent with those of the mixed BN key
network and multiple SEM subgroups, suggesting a stable causal relationship between the
factors. Self-learning motivation was mainly related to gender and age in students’ personal
characteristics, to education level in students’ academic characteristics, and to the school
area’s geographic location in the academic environment variables. Learning-incentive
money had a significant positive effect on self-directed learning motivation for different
gender groups; more specifically, it was not related to the school area’s geographic location
in the women’s group, whereas it had a negative correlation with it in the men’s group.
Among groups with different education levels, the self-learning motivation of students with
specialized degrees had a negative correlation with the school area’s geographic location,
whereas the online search frequency of students with bachelor’s degrees was not related to
the geographic location of their school area. These findings help to improve the understand-
ing of college students’ motivation for online self-directed learning and recognize the future
role of online educational environments in promoting health. Based on the study’s findings,
future online education platforms can offer personalized learning incentives tailored to
students’ gender, age, and educational background, thereby enhancing their self-directed
learning motivation. This study not only expands the current understanding of how de-
mographic characteristics, economic incentives, and educational factors influence learning
motivation, providing a foundation for further research in educational psychology and
online learning, but also contributes to the sustainable development of online education in
a globalized context.

7. Limitations and Future Prospects

The study identified several key factors that influence students’ self-directed learning
motivation in online environments, including gender, age, educational background, and
the impact of various incentives. These findings offer valuable insights for the design and
development of future online education platforms.

7.1. Personalized Learning Incentives

Based on our research results, future online education platforms can implement
personalized learning incentives tailored to the specific characteristics of students. For
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example, gender-specific motivational strategies can be developed to address the unique
learning preferences and challenges faced by male and female students. This is particularly
important given the study’s findings that gender plays a significant role in self-directed
learning motivation. Similarly, age-appropriate rewards can be designed to align with the
developmental stages and cognitive needs of different age groups. Additionally, rewards
suited to students’ educational backgrounds can be created to support varying levels of aca-
demic preparedness and experience, thereby enhancing self-directed learning motivation.
By adopting these targeted approaches, online education platforms can more effectively
engage students and foster a more productive learning environment.

7.2. Tiered Learning Experiences

The study also highlights the different motivational needs across educational levels
(undergraduate, master’s, doctoral). Considering the volume of learning and research
tasks at each stage, course designers and instructors are advised to implement tiered online
learning experiences for undergraduates. For example, a virtual research community
could be created for master’s students, including additional learning sections on research
submissions and writing, serving as a reliable source for academic support, enabling
students to receive timely feedback from their peers.

7.3. Comprehensive Support Systems

Recognizing the importance of various academic characteristics and environmental
factors identified in the study, system developers can create multiple channels to facilitate
students’ help-seeking behavior, such as online Q and A forums or collaborative help-
seeking tools embedded in learning management systems [49,51]. Platforms can offer
different types of rewards, such as incentives for users to reopen the app, significantly
increasing the likelihood of repeated use. These platforms could combine rewards, like
points, levels, badges, tasks, and leaderboards, with visual feedback to encourage ongoing
participation and enhance students’ motivation for online self-directed learning [52].

7.4. Limitations

The ability to learn independently online is influenced by many other factors, such as
different online search models, teachers’ teaching methods, the online platform’s manage-
ment style, students’ personality and behavior, and their family’s educational background.
Furthermore, as the participants in this study were drawn from various disciplines, the re-
sults derived can only provide general insights into the online learning profiles of university
students. Students from specific fields or domains are likely to exhibit learning tendencies
that differ from those identified in this study and necessitate further research. Therefore, in
the future, we intend to extend this analysis to include additional data from other large
online-learning courses across various disciplines. In addition, other influencing factors,
such as learner time interactions, different online search patterns, teachers’ teaching-method
preferences, and family educational background, will be utilized to present a relatively
comprehensive set of models for detailed analysis.
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Abstract: This paper proposes a nonlinear teaching approach, based on learning theories in cognitive
psychology, with a special focus on large-cohort economics modules. The fundamental rationale is to
match the features of teaching with the nature of learning. This approach was implemented in an
undergraduate economics module, which received qualitative feedback and quantitative evaluation.
Formal econometric models with both binary and continuous treatment effects were developed
and estimated to quantify the effects of the proposed approach. Evidence shows that the nonlinear
teaching approach significantly improves the effectiveness and efficiency of the learning-teaching
process but does not promote student attendance.
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1. Introduction

The role of higher education in economic growth is well-recognised in the literature of
human capital [1,2]. However, as the direct technology of human capital production, the teach-
ing approach in higher education institutions seems to have evolved slowly, especially for
quantitative subjects like economics [3,4]. The COVID-19 pandemic posed new challenges when
recorded or online lectures were delivered to large cohorts with limited real-time engagement
and feedback [5]. The recent development of generative AI (e.g., ChatGPT) has further trans-
formed higher education and the role of lecturers [6]. To adapt to these disruptive challenges,
blended teaching has become popular in universities [7]. Nevertheless, it is usually recognised
that existing pedagogies do not always fit students’ learning process [8]. Specifically, an im-
portant feature of learning process is nonlinearity—learners do not acquire new knowledge in
a one-way fashion. To acquire a new piece of knowledge, a typical learner needs to go back
and forth many times to eventually understand it and internalise it as part of their knowledge
system. New knowledge can be confusing and is easily forgettable, especially when learners are
still unclear about the general framework.

To illustrate how people learn, consider a visitor, Sue, who arrives at a new city, say,
Cardiff. To know the city, she needs to walk around many times to accumulate information
of the roads, districts, the places of interest, and so on. If Sue gets stuck in an unfamiliar
corner and gets lost, the most natural choice for her is to try to get back to a place she is
familiar with. After some repetition and iterations, a map is formed in Sue’s mind. Once a
general map is formed, Sue will be able to apply her knowledge of this city to guide her
route. Similarly, learning a new theory has the same nonlinear feature. The first level of
learning is to become familiar with the knowledge (“city”), corresponding to the process
of drawing the map. The second level of learning is to apply the knowledge to practice
(“route”). However, the two levels are usually not sequential but iterative. In both stages,
learners may make mistakes and forget previous information—becoming “stuck in an
unfamiliar corner”. The reflection process will help learners to draw a better map and form
better applications. An experienced learner may need less time and make less detours
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before she acquires the knowledge. Going back to our visitor’s example, she may have
already travelled to many similar cities before and know what a typical British city looks
like. Then, she may get to know the city quite fast within one or two days thanks to her
previous experience—“The learners learn how to learn as they learn.” [9]

However, conventional teaching practices do not match the nonlinear nature of the
learning process well. In some extreme cases, lecturers totally ignore how people learn.
A typical lecture tends to be delivered like this: define the key concepts, outline the
assumptions, derive the conclusions, and then apply to some popular contexts. As a well-
known example in teaching undergraduate microeconomics, lecturers usually define the
utility function, outline the maximisation problem, take derivatives, and then apply this
information to some consumer problems. A national survey on teaching undergraduate
economics was conducted in both 1996 and 2001 by Becker and Watts, who show that the
main feature of economics teaching is still “Chalk and Talk” in the US. In contrast to the
passive learning environment that characterises the teaching of economics, class discussion
and other forms of active learning are now the dominant forms of instruction in other fields
of higher education, rather than extensive lecturing [10].

There are two main reasons as to why economics lecturers are reluctant to use al-
ternative teaching methods. On the one hand, economics by nature is a social science,
heavily reliant on mathematics and logical derivations. This feature restricts the teaching
methods in a passive fashion, similar to natural science disciplines. Active forms, such as
discussion, tend to be avoided to achieve efficiency in teaching. However, efficiency does
not imply effectiveness. The lecturer may well cover all the technical details of deriving
some economic theory from assumptions to conclusions, but the students never know why
they are doing these. An even worse outcome is, once you are confused during a lecture,
you will never get back on track, because the lecturer is carrying on in a one-way direction.
On the other hand, there are insufficient incentives in place to move instructors away from
the status quo. For example, lecturers may try not to outperform colleagues and avoid
being “too popular” with students to save time for their own research. In economic terms,
there are both benefits and costs in teaching innovation, and the equilibrium depends on
the optimal balance between the two. The second point can only be resolved by institutional
changes in lecturer performance evaluation and is beyond the scope of this paper. Instead,
the focus is on the “technological” aspect of improving the effectiveness and efficiency in
teaching economics.

To see the drawbacks of linear teaching, let us go back to the visitor example. Assume
Sue wants to visit Cardiff Castle from her hotel and she turns to a local resident, Joe, for
help. If Joe uses linear teaching, then he may tell Sue to turn left in 100 yards onto North
Road, turn right in 200 yards on to Colum Road, then enter the roundabout and take the
third exit, etc. Unless Sue is a genius, she will soon get lost and frustrated, because the new
road names are easily forgettable. It is not easy to follow all these instructions for those
who do not even know where they are standing.

This ineffectiveness of teaching could be due to a lack of the “threshold concept”,
which is transformative and irreversible [11]. The transformative feature implies that
before the learner grasps the threshold concept, she needs to accumulate information
piece by piece and an understanding of the knowledge may be partial and erroneous.
New information is always easy to forget and confuse. Once the learner has acquired
the threshold concept, the general picture becomes clearer, and the learning curve will
be steeper. The transformative feature entails a nonlinear teaching process to emphasise
and reinforce the threshold concept for the learner. However, the irreversible feature of
threshold concept brings difficulty in doing this. For those who have already internalised
the threshold concept, they cannot recall how it felt when they did not. For the visitor
example, Joe may think it is extremely easy to follow the instructions because he has
travelled in that area for years. However, for Sue, it may be extremely difficult to follow
because that area sounds like a black box to her. This makes communication difficult
because lecturers do not even know where the students are confused.
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This paper proposes an approach suitable for undergraduate, large-cohort economics
teaching, though this approach can be easily applied to any social science subject at other
levels. It is not conventional passive linear teaching (ineffective for economics), and it is not
fancy active unstructured teaching (inefficient for economics) either. Rather, it cuts in the
middle, which I refer to as the “nonlinear” teaching, because it appreciates the nonlinear
nature of the learning process. The notion of nonlinear teaching offers an open system in
which interconnected knowledge and sense-making are constantly re-built by dynamic
interplays between students’ existing knowledge and the new knowledge [12].

In fact, there are some practices in the literature sharing the same rationale of nonlinear
teaching proposed here. For example, an early paper by Bartlett and King proposes teaching
economics as a laboratory science, with the help of computers and software [13]. This
approach emphasises learning-by-doing, i.e., the students are effectively “doing” economics
like those in real economics profession. Hadsell proposes to promote students’ engagement
or active learning by confronting their own values and judgements against the economic
theory [14]. This is also one way of sense making, because students only learn something
when knowledge is accommodated into their existing system of belief. Other similar
examples include Salemi [15] and Chow et al. [16], who promote active learning through
group discussion or game play. All these attempts follow either a Behaviourist view
or a Constructionist view, which form the starting point of this paper. However, the
nonlinear teaching approach will go much further in associating the new theory and skills
with the students’ existing knowledge, so that the new knowledge can fit into their current
knowledge framework. On the other hand, due to the disciplinary restrictions of economics,
the proposed approach is not a radical revolution towards, say, totally unstructured open
discussions in arts or philosophy. It takes into account the trade-off between effectiveness
and efficiency in teaching and learning economics.

The contribution of this paper is to provide a formal theoretical foundation and a
systematic teaching approach toolbox. Empirically, both qualitative and quantitative eval-
uations are conducted through an experimental action research, which has seldom been
performed before in the literature. Following this introduction, Section 2 critically reviews
the current literature and identifies gaps in large-cohort teaching in higher education.
Section 3 discusses the conceptual framework and the theoretical rationale behind the
nonlinear teaching approach. Section 4 introduces the nonlinear teaching intervention in
practice. Section 5 provides some reflections on the qualitative feedback and a formal quan-
titative evaluation of the nonlinear teaching practice using econometric models. Section 6
concludes.

2. Literature Review

Teaching large cohorts in higher education, particularly in quantitative fields like
economics, presents distinct challenges and opportunities for pedagogical innovation.
Traditional lecture methods often do not sufficiently engage students or accommodate
diverse learning styles, which can impede the understanding and retention of complex
economic concepts [17]. This review examines various teaching approaches designed for
large classes and discusses the various indicators measuring the effectiveness and efficiency
of teaching approaches.

2.1. Large-Cohort Teaching

Conventionally, large-cohort teaching has relied heavily on lecture-based methods,
characterised by one-way communication from the instructor to the students [18]. This
model has been criticised for promoting passive learning, where limited interaction can
lead to decreased student engagement and poor retention [19]. In response, educational
strategies have evolved to incorporate more interactive and student-centred approaches [20].
For example, the flipped classroom model reverses traditional expectations by requiring
students to prepare before class, thus enabling active learning during lecture sessions
through problem-solving and discussion [21]. Technology-enhanced learning tools, such
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as clickers or online forums, have also been integrated to facilitate real-time feedback and
increase student participation [22].

The effectiveness of large-cohort teaching is significantly enhanced when aligned
with established learning theories [23]. Constructivist learning theory, which posits that
learners construct their understanding and knowledge of the world through experiences
and reflection on those experiences, supports environments that actively involve students
in their learning [24]. Applying constructivist principles, instructors can facilitate learning
by encouraging students to question, explore, and apply ideas in real-world contexts [25].
Experiential learning theory further supports this approach by emphasizing the role of
experience in the learning process [26]. In large economics classes, these theories have been
operationalised through case-based teaching where students analyse real economic scenar-
ios, and through simulation games that mimic economic decision-making processes [27].
Research indicates that such practices not only improve conceptual understanding but also
enhance students’ ability to apply economic theories pragmatically [28].

Studies evaluating the impact of innovative teaching methods in large cohorts provide
mixed results. Freeman et al. conducted a meta-analysis showing that active learning
significantly increased student performance in science, engineering, and mathematics [19].
Similar studies in economics suggest that, while active learning techniques like the flipped
classroom can improve examination scores, they require substantial adaptation by in-
structors and commitment from students [29]. Additionally, the use of technology in large
classes has been shown to facilitate interaction and engagement but also presents challenges
related to distraction and the digital divide [30].

After all, these innovative teaching approaches are only complementary to, not sub-
stitutes for, lectures [31]. Few attempts have been made to improve the effectiveness of
learning and teaching within the traditional form of lectures. Essentially, the literature on
large-cohort teaching mainly gets around the question by avoiding lectures, rather than
resolving the problem per se. This paper, in contrast, aims to fill the gap in the literature
directly. Hence, this paper aims to answer two research questions:

RQ1. How to make economics lectures match how we learn?
RQ2. How to evaluate the proposed nonlinear teaching approach?

2.2. Indicators for Evaluating Teaching Approaches

The effectiveness and efficiency of teaching approaches are paramount to achieving
educational objectives. Therefore, indicators measuring effectiveness and efficiency are
informative tools to evaluate different teaching approaches. There are three prevailing
indicators in empirical literature.

First, student performance, often measured through marks, is a traditional and pow-
erful indicator of the effectiveness of teaching methods. In economics education, where
quantitative and analytical skills are emphasised, marks not only reflect the acquisition of
subject-specific knowledge, but also critical thinking and problem-solving abilities. Studies
have demonstrated a correlation between innovative teaching methods, such as case-based
learning and simulation, and improved student performance in economics courses [32].
These findings suggest that methods that actively engage students tend to enhance their
understanding and retention of complex economic theories [33].

Second, attendance rate is also frequently used as an indirect measure of student
engagement and the attractiveness of the teaching approach. High attendance rates are
often associated with more engaging lectures and a positive classroom environment, which
are critical in subjects as challenging as economics. Research by Gupta and Pandey indicates
that interactive lectures, where students participate in discussions and problem-solving
activities, significantly boost attendance compared to traditional lecture-based sessions [34].
This correlation underscores the importance of interactive elements in maintaining student
interest and engagement.

Third, student satisfaction surveys are a vital tool for assessing the quality of teaching
and the overall student experience. These surveys typically evaluate various aspects of
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the course and teaching methods, including the clarity of instruction, the relevance of
the material, and the instructor’s ability to inspire interest in the subject. In the field of
economics, where theoretical concepts can seem detached from practical realities, teaching
methods that effectively bridge this gap, such as real-world applications and experiential
learning, tend to score higher on satisfaction metrics. A study by Ang et al. highlights
that students rate courses higher when instructors successfully linked economic theories to
current events and real-life economics issues [35].

Beyond marks, attendance, and student satisfaction, the literature on educational
assessment recognizes several other indicators that can be used to measure the effectiveness
and efficiency of teaching approaches. For example, graduation and retention rates are
crucial indicators, particularly in higher education. Effective teaching methods should
not only engage students, but also support them in successfully completing their courses
and programs. Higher retention and graduation rates are often seen as indicators of
successful teaching strategies that foster both academic and personal development among
students [36]. In addition, as the ultimate aim of many educational programs, especially in
higher education, is to prepare students for successful careers, the rate at which students
gain employment in their field of study or advance in their careers can be an indicator
of the effectiveness of teaching. This metric evaluates how well educational content and
teaching methods prepare students for the professional world [37]. Moreover, feedback
from alumni about the long-term impact of their education can provide valuable insights
into the effectiveness of teaching methods. Alumni surveys might ask about the relevance
of the skills they learned, their preparedness for professional challenges, and their overall
educational satisfaction. This long-term perspective helps institutions to understand the
enduring impact of their teaching methods [38]. Nevertheless, these indicators are more
appropriate for the programme-level evaluation rather than lecture-level evaluation. As a
result, we will adopt the three traditional indicators, i.e., marks, attendance, and satisfaction,
in our empirical section. The next section will develop the proposed nonlinear teaching
approach based on learning theories.

3. Conceptual Framework

The theoretical rationale of the nonlinear teaching approach is learning theories. The
basic idea of this approach is to match the teaching and learning process and to promote
the effectiveness and efficiency of disseminating and acquiring knowledge. There are
several schools of thought on learning process. Learning theories provide a variety of
conceptual frameworks to describe how information is absorbed, processed, and retained
during learning. Cognitive, emotional, and environmental influences, as well as prior
knowledge, all play a role in how knowledge and skills are acquired. There are two
conventional learning theories shedding light on the proposed nonlinear teaching approach:
Behaviourism and Constructionism.

3.1. Behaviourism

Behaviourism was coined by John Watson (1878–1959), who argued that learning is an
aspect of conditioning, and advocated for a system of rewards and targets in education. In a
simplified interpretation, Behaviourists model the learning process as stimulus—response–
reinforcement [39]. If the lecturer can correctly provide some reward system to motivate
the students, the effectiveness of the learning process may be promoted. Responses that
result in favourable outcomes tend to be repeated and become established behaviour, while
responses that lead to negative or neutral outcomes tend not to be repeated.

This learning-by-doing nature of the learning process implies that teaching process
should provide appropriate stimulus from time to time. However, in a conventional “linear”
teaching approach, as illustrated in Figure 1, the lecture contents usually start from simple
things and become more and more difficult. The degree of complicatedness monotonically
increases as the lecturer builds new knowledge on the previous elements. This linear
fashion tends to make students frustrated (negative stimulus) in the middle of the module.
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Once lost, always lost. It argues for a nonlinear design of the module contents in terms of
difficulty, so that the students are rewarded by being able to understand (positive stimulus).

Lecture 1 

Concepts 
Assumptions 
Derivations 
Conclusions 
Applications 

Lecture 2 

Concepts 
Assumptions 
Derivations 
Conclusions 
Applications 

Lecture 3 

Concepts 
Assumptions 
Derivations 
Conclusions 
Applications 

Figure 1. Linear Teaching Conceptual Framework.

There seems to be a conflict between the logical structure and the nonlinear design of
the lecture contents. Logically speaking, the module should be designed accumulatively,
i.e., later lectures should be built on the previous lectures. It inevitably leads to a simple-
to-difficult linear fashion. However, this logical structure is an outcome of the learning
process, rather than the learning process per se. No theory has been born as what it
eventually looks like. There are detours and errors during the evolution of the theory,
and the learning process is the same. Therefore, the teaching procedure does not have to
be “logical” and precise in every stage. To provide a learning experience with positive
stimulus, the lecturer can use some naïve interpretations (easy to understand but imprecise
or even erroneous) in the first stage and correct them to a more precise definition later on
(as illustrated in Figure 2). Moreover, nonlinear teaching is not from specific to general
(as shown in linear teaching), but from general to specific in a holistic fashion. Of course,
the lecturer must make the students aware that the initial interpretation is not precise and
to be corrected and detailed later on. In this way, a module may have several lectures,
in each of which we start with a simple and general understanding while continually
correcting the initial understanding to a more precise level, so that the learners receive
positive stimulus constantly while acquiring the knowledge. The idea behind this is that
there is no shortcut in learning. Making mistakes is both natural and necessary for learning,
and some appropriate detour may actually be more effective than linear progress.

To provide intuition, we revisit our example in the introduction again. To teach Sue to
become familiar with the city, the local guide Joe may start like this. The city centre is very
close to the Millennium stadium, which is very tall and easy to see from anywhere (initial
stage). Follow the direction which leads you closer to that landmark and adjust when you
are approaching the Millennium stadium (correcting). It is very likely that Sue will come
across the city centre during the journey towards the stadium. Once this task (going to city
centre) is accomplished, Joe can then teach Sue the next “lecture”, say, going to national
museum. A similar procedure can then be used.

However, Behaviourism does not account for free will and the internal prior knowl-
edge of the learners. Therefore, the nonlinear teaching approach also draws some inspira-
tions from Constructionism.
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Figure 2. Nonlinear Teaching Conceptual Framework I.

3.2. Constructionism

Constructionism treats learning as a process of sense making, so the role of the in-
structor is as the facilitator. The two pioneer Constructionists, Piaget and Vygotsky, both
appreciated the essence of internalising knowledge, rather than accepting the information
as presented through rote-memory [40,41]. Everyone comes to the lecture with some exist-
ing knowledge, and the learning process is to accommodate the new information into the
old system and framework. This implies that the lecturer needs to take into account the
acceptability and conflicts between the contents of lecture with learners’ prior knowledge.

This also implies that learning is not a one-way process. Rather, learners go back and
forth between the new information and the existing knowledge. To match this nonlinear
feature of learning process, lecturers need to bridge the gap between the learners’ existing
knowledge and the new knowledge. This connection should be built from time to time,
not just once in the beginning of the lecture, because this feature of the learning process is
continuous.

Let us still use the visitor’s example, when Joe teaches Sue how to go to the national
museum. Joe can always base his teaching on Sue’s existing knowledge about the city. For
example, now that Sue already knows how to go to the city centre, Joe can just tell Sue that
the museum is just to the north of the city centre. The existing knowledge provides a good
reference point to compare the new knowledge with.

One difficulty of associating with prior knowledge in teaching is that different students
may have different backgrounds, and so, different prior knowledge. Sometimes, they do
not even have prior knowledge, especially for introductory level modules. In this case,
we can still use common sense or even metaphors to establish the bridge. It proves quite
helpful for students to understand the abstract theories if lecturers have a good sense of
humour. One explanation for this is because humour can link the complicated and dry
theory to some vivid everyday experience which shares similar logic. For example, in
macroeconomics, lecturers usually describe the relationship between the government and
the public as a couple. The government may promise some policy during the election but
follow a different policy afterwards (so-called “time inconsistency”). This can be likened to
how a boy promises to love the girl during courting, but after establishing the relationship,
the boy may change his behaviour. This sort of metaphor may greatly assist the students
to understand the essence of theories, though the description is not precise. Another by-
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product of using everyday examples to provide sense making is that students enjoy the
learning process more and attendance could be improved.

Therefore, the sense making does not change the conceptual framework of the nonlin-
ear teaching method developed above, but it provides an effective way of raising the initial
interpretation of new knowledge. Usually, it can be a bird’s eye-view of “where we are”
from the whole picture. It is suggested to place the new knowledge into a bigger context,
with which students are already familiar. Comparison and contrast with familiar contents
can be used to help students accommodate the new knowledge in an existing framework.
This can be supplemented by everyday examples or common sense to help students to
grasp the essence of the theory. After this, a more systematic and precise exposition of the
theory should be laid out and summarised.

3.3. Nonlinear Teaching Approach

In the light of Behaviourism and Constructionism, I developed the general framework
of the nonlinear teaching approach, as well as some techniques of implementing it. Other
learning theories, such as social learning, may also contribute to enhancing the effectiveness
and efficiency of teaching and learning. For example, assigning some roles for the students
to solve some realistic problems. Group discussion can also be used to promote the
exchange of knowledge and understanding in a multi-directional fashion, rather than linear
one-directional flow from lecturer to students.

The nonlinear teaching approach can be formulated in a more precise version as in
Figure 3, which is an upgraded and revised framework from Figure 2. The key difference
is the review and reflection upon the system of knowledge along with the learning and
teaching process, instead of just once at the beginning of each lecture and then a linear
flow within each lecture. The purpose of revisiting “where are we” is to make sure the
learners keep a close track of the teaching plan about what have been taught and what is to
be taught. It can avoid the difficulty in finding their way once lost.
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Figure 3. Nonlinear Teaching Conceptual Framework II.

One feasible and simple technique to realise this additional nonlinear feature in
teaching is to show the outline after each section of each lecture. It could be even better if
lecturers add a navigation panel in their slides. It is also advisable to revisit some important
and/or difficult points, even if you think it is a bit repetitive. It is not repetitive to the
learners!
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Let us turn to our visitor’s example once again. In addition to telling the route to Sue,
Joe also gives Sue a GPS navigator, which can show her where she is in the city. That would
greatly enhance the learning process. Even if Sue gets lost due to some confusing lanes,
she will be able to get back to the right direction as long as she looks at the navigator. The
outline in the lecture is like a static map, which helps, but the revision of the outline is like
a dynamic GPS navigator, which helps a lot more.

To summarise, the nonlinear teaching approach is mainly derived from Behaviourism
and Constructionism. The rationale is to match the nature of the learning process in
teaching. We also discussed some techniques to implement nonlinear teaching including,
but not restricted to:

• teaching from a rough to precise perspective;
• teaching from a general to specific perspective;
• sense-making, based on common knowledge and metaphors;
• role play and group discussion to promote active and interactive learning;
• a review of “where are we” at the beginning of each section and each lecture.

Note that nonlinear teaching does not mean simple repetition, but a spiral ascending
process. The same contents may be recalled several times, but it should deepen the learners’
understanding each time.

In fact, the readers may have already realised that this paper is written in a nonlinear
teaching approach style. I started with an everyday life example (visitor) and have revisited
this example several times. The illustration of the conceptual framework started with a
simplified rough idea in Figure 2 and then became more precise by Figure 3. Imagine that if
Figure 3 is shown directly upfront, some readers may feel confused due to the complicated
lines and curves. A small step further with many steps may work much better than one
big stride. If you have understood this paper well up to now, then the nonlinear teaching
approach works on you.

4. Teaching Intervention in Practice

I implemented the nonlinear teaching approach in Intermediate Microeconomics, a
large-cohort undergraduate core module every year in a British university. The following
techniques were used.

First, in each lecture slide, I presented a navigation tree, showing where we are. I
explicitly revisited the outline at the beginning of each section. Moreover, in the beginning
of each lecture, I also revisited the topics covered and posited the current lecture in the big
picture drawn in the first lecture. A simple revision was provided on each part when it was
finished, but from a more general and higher perspective.

Second, everyday examples were elaborately designed to assist the students in ac-
commodating the new theory into their existing knowledge system. For example, when I
described “production function” in producer theory, a metaphor is used. I told the students
to treat their exam marks as the “output” from the production function, and the students’
effort as one input, while attendance as another input. More effort and a higher attendance
tended to bring higher marks. A smart student with low inputs may still achieve a lower
mark than another diligent student with higher inputs. The intelligence is the curvature of
the production function, while the diligence is the inputs of the production function. Later
on, this example can be used again to illustrate the concept of a “diminishing marginal
product”. For a given level of effort, a student’s mark rises less and less if only one type of
input rises.

Third, as mathematics is a main feature in Intermediate Microeconomics, such as
differentiation and equation solving, to avoid confusing the students in the middle of the
lecture, I always presented the intuition first, then the mathematical details, as well as a
graphical illustration. More than one approach was presented to students, so that those
with a weaker mathematical background could still follow the general argument without
getting lost in the rest of the lecture.
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Finally, group discussion was frequently used in seminars. Interactions among stu-
dents were greatly encouraged. When one’s role shifts from a learner to a discussant,
students tend to be more active and understand the knowledge deeper in communication,
because there is more than one angle of looking at the problems (Zhou, 2019). This method
replaces uni-directional linear information flows from the lecturer to students (Figure 4A).
Multi-directional nonlinear information flows among the lecturer, students, and other
sources like the Internet and AI-based tools (Figure 4B).

Student 

Student 

Lecturer Internet, 
AI, etc. 

Student 

Student 

Lecturer 

(A) Linear Teaching Approach (B) Nonlinear Teaching Approach 

Figure 4. Information flow of linear and nonlinear teaching approaches.

The next section will evaluate the effectiveness and efficiency of the nonlinear teaching
approach using strict econometric models.

5. The Evaluation of the Approach

As a lecturer, I have access to the students’ information, such as gender, race, age,
programme, exam marks, and attendance for both current students (the “treated” group)
and previous students (the “control” group). The evaluation of the nonlinear teaching
intervention is based on two types of feedback. Conventional feedback was collected
through questionnaires at the end of the semester before an exam. The response rate was
85.7%. However, qualitative evaluation based on a questionnaire is usually criticised as
being biased because the students may fear that the lecturer can figure out who wrote
what. Also, the answers to the questionnaire may only reflect what they think is true, not
what is actually true. To make a consistent comparison between the “treated” students and
the “control” students, I collected the second type of “feedback” by conducting a mock
exam with the current students using the previous year’s exam paper. This is like a natural
experiment with the exogenous assignment of treatment, and it is guaranteed to compare
like with like. One may argue that the current students may not be as well prepared when
they take the mock exam as they are taking their actual exam. It could be handled by using
a weighted average between their actual and mock exam marks. However, this remedy
also has its drawbacks, for example what weight should be used. Since the mock exam is
conducted about three weeks before the actual exam, it is not implausible to assume the
students have a consistent performance. Therefore, it is complementary and superior to
use the second type of feedback, based on their actual performance in their exam (or mock
exam) marks. It is more objective and can provide a quantitative measure for effectiveness
and efficiency. Therefore, I will briefly discuss the qualitative evaluation based on the
first type of feedback and detail the quantitative evaluation based on the second type of
feedback.

5.1. Qualitative Evaluation

The questionnaire asks the students two free-text questions:

(i) What are you finding most useful about the module?
(ii) What would improve the module?

For the first question, almost all students (94.4%) noted that the lectures were “well-
structured” or “easy to follow”, which implies that the navigation of the big picture
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improved the students’ learning experience. About a half of them (47.2%) mentioned
that the lectures were closely relevant to “everyday life” and a “working environment”,
indicating that sense-making based on common knowledge worked well. Moreover, some
students appreciated the multiple ways of presenting the same theory, including graphical,
mathematical, and verbal. This nonlinear feature of the teaching approach also helps
students from different backgrounds to understand the theory better and deeper.

Note that students were not aware that the lecturer carried out such a nonlinear
teaching intervention before they filled in the questionnaire. This is to avoid biasing their
opinions. Surprisingly, they seemed to identify the techniques of nonlinear teaching, and
this is supportive evidence for the effectiveness of the teaching intervention.

For the second question, a main complaint is about the mathematics used in the
module. Some business students do not have A-level maths, so they felt a bit challenged fol-
lowing the derivation of some mathematical models. This will be addressed by organising
different seminar groups in the future.

5.2. Quantitative Evaluation

In addition to the qualitative evaluation, this paper also designs a formal econometric
model to quantify the effectiveness and efficiency of the nonlinear teaching approach based
on the second type of feedback. The mock exam marks of the current students are compared
to the actual exam marks of the previous students, after controlling for other individual
characteristics. There are two advantages of the teaching intervention. On the one hand,
the outcome (the marks) is independent of the assignment of “treatment” by design, so it
is a “natural experiment” (i.e., the data is experimental rather than observational). Thus,
the treatment effect can be directly estimated without having to worry about endogeneity
or a selection bias problem. On the other hand, the students have different attendance
rates to lectures and seminars, which makes the “treatment” a continuous variable. Those
who do not attend some of the lectures or seminars must review the contents themselves,
so the teaching intervention has less effect on them. It is assumed that the students are
occasionally absent because of random events, such as sickness or emergency, rather than
a systematic lazy personality (In fact, the attendance is strictly monitored by the school
and the students are required to provide justifiable reasons for absence. However, some
students who consistently have low attendance (lower than 20%) are dropped from the
analysis, because they may present a systematic difference in motivation). Therefore, the
assignment of treatment is still exogenous, but this enables us to explore the treatment effect
in more details. Nevertheless, the use of mock exams as a metric for learning outcomes
assumes that students treat these mocks with the same seriousness as actual exams. If this
is the case, then the students sitting in the mock exam should perform less well than if
they are sitting in actual exams. The estimated treatment effect is a lower bound, which
reinforces our argument, rather than weakens it.

If we treat the students’ marks as the “output” of a “production function” of human
capital, with students’ attendance (Ai) as the “input”. The “total factor productivity”
of the production function can be affected by both the students’ individual characteris-
tics, including gender, race, native/overseas student, with/without A-level maths and
business/economics students, as well as the lecturer’s teaching approach (the teaching
intervention dummy, or the “treatment”, Ti). The implied econometric model can be written
as:

marksi = α + indi·β+ γ × Ai + δ × Ti + φ × Ai × Ti + εi

The intercept α is the average level of productivity of an average student, and the vector
β captures the effects of individual characteristics (indi) on productivity. The coefficient γ
can be interpreted as the return to attendance, i.e., how many marks an average student
could improve by one more attendance. The coefficient δ is the “treatment effect” of the
teaching intervention, because only the “treated” students (Ti = 1) have this shifting
term in their productivity (intercept effect). Finally, there is also a cross-product term (the
attendance rate Ai multiplied by the intervention dummy), and the coefficient φ is the effect
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of the treatment on the return to attendance (slope effect). If a student is exposed to the
nonlinear teaching approach, then their return to attendance is equal to γ + φ, rather than γ.
The coefficient δ can be used to evaluate the effectiveness, while φ can be used to evaluate
the efficiency, because the different degrees of exposure to the teaching intervention also
improve learning.

In total, there are 342 students registered in the treated group, including both eco-
nomics students (78%) and business students (12%). Three students have consistently low
attendance and are dropped in the analysis. The control group has 316 students with a
similar structure, but all students are included. The distribution of marks and attendance
of the two groups are contrasted in Figure 5. It is shown that the distribution of marks
of the treated group is more concentrated and more towards higher marks, and so is the
distribution of attendance.

 

Figure 5. Distribution of Marks and Attendance.

The regression results shown in Table 1 are a stricter way to verify the observed
changes in distributions of marks and attendance. The first two columns of the table focus
on evaluating the effectiveness and efficiency of the nonlinear teaching approach using
two alternative model specifications (both are estimated using OLS with robust standard
errors against possible heteroskedasticity), and the last column attempts to find out if the
new teaching intervention improves the attendance (Poisson regression is used because
the dependent variable is a count variable). To summarise, the three hypotheses to be
tested are:

Hypothesis (H1). The nonlinear teaching approach increases the effectiveness of learning and
teaching, or a positive average mark, i.e., δ > 0.

Hypothesis (H2). The nonlinear teaching approach increases the efficiency of learning and teaching,
or a higher return to attendance, i.e., φ > 0.
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Hypothesis (H3). The attendance rate is improved because of H1 and H2.

Both model specifications imply a significant and positive treatment effect of the
nonlinear teaching approach, so H1 is verified. If we do not include the cross-product
term Ai × Ti as in the first model specification, then the treatment effect (the coefficient
of Ti) is δ̂ = 7.428. In other words, the students’ performance (marks) is improved by
more than seven marks on average. However, if the cross-product term is included, as
in the second specification, the treatment effect reduces to δ̂ = 4.171, but the return to
attendance increases from 0.469 to γ̂ + φ̂ = 0.384 + 0.182 = 0.566. This finding verifies H2.
Based on the two regressions, we can actually decompose the overall treatment effect into
two components: (i) the improvement purely due to a more effective teaching practice,
accounting for 4.171

7.428 = 56.15% of the treatment effect; and (ii) the improvement due to the
indirect effect on return to attendance, i.e., efficiency improvement, accounting for the rest,
43.85%.

Table 1. Estimation Results.

Dep. Var. Mark Mark Attendance (A)

male −0.511 −0.59 −0.04
(0.462) (0.456) (0.06)

white 0.471 0.464 0.037
(0.548) (0.512) (0.067)

native 1.062 ** 1.021 ** 0.005
(0.446) (0.468) (0.066)

A-level 9.147 *** 9.138 *** 0.022
(0.431) (0.416) (0.061)

business −4.739 *** −4.775 *** −0.011
(0.528) (0.518) (0.07)

Ai 0.469 *** 0.384 ***
(0.048) (0.053)

Ti 7.428 *** 4.171 *** 0.078
(0.407) (1.545) (0.057)

Ai × Ti 0.182 **
(0.088)

_cons 44.132 *** 45.684 *** 2.828 ***
(0.915) (1.028) (0.099)

Method Robust OLS Robust OLS Poisson
R-sq 0.926 0.93

adj. R-sq 0.919 0.922
pseudo R-sq 0.007

AIC 323.482 321.519 462.419
BIC 342.538 342.957 479.093

Notes: Standard errors in the parentheses, ** 5%, *** 1%.

In particular, the efficiency improvement can be quantified by the coefficient of the
cross-product term relative to that without treatment: 0.182

0.384 = 47.40%. This significantly
higher return to attendance should, in principle, encourage a higher attendance, because
their marks can be improved more efficiently by attending the lectures (H3). This hypothesis
is tested by a Poisson regression (the last column), but it turns out that the teaching
intervention does not significantly increase the students’ attendance. This is perhaps
because the students are not aware of the implementation of the teaching intervention
while it was implemented.

Other interesting findings from the regressions include:

• Gender and race do not significantly contribute to different marks.
• Native students tend to perform better than international students, maybe because of

a language advantage.
• Students with A-level maths are expected to perform better than those without.

49



Educ. Sci. 2024, 14, 509

• Students enrolled in business programmes tend to obtain lower marks than those
enrolled in economics programmes.

6. Conclusions

This paper proposes a nonlinear teaching approach in the context of teaching eco-
nomics, though it is ready to be generalised to other disciplines. The rationale is derived
from two learning theories, Behaviourism and Constructionism. By fitting the nature of the
learning process, the nonlinear teaching approach is expected to improve the effectiveness
and efficiency of teaching. A main feature of nonlinear teaching approach is to review
and associate the new knowledge with the existing framework, either via sense making
or via progressive repetition. It lies between the conventional passive teaching and the
unstructured interactive teaching. Therefore, nonlinear teaching is more appropriate to
natural science and quantitative social science like economics.

Some specific techniques are discussed and applied to a specific scenario in an under-
graduate teaching practice. The teaching intervention received positive feedback in both
qualitative and quantitative evaluation. Formal regression analysis verifies the effectiveness
and efficiency of the nonlinear teaching approach based on the natural experiment (H1 and
H2). It is estimated that 56.15% of the overall improvement on student performance can be
attributed to the more effective teaching approach (an intercept effect), and the other half is
derived from a higher return to attendance (a slope effect). If the students were aware of
this, they would have improved their attendance, but this hypothesis (H3) is not supported
in the Poisson regression.

One possible shortcoming of nonlinear teaching approach, as reflected by the student
feedback, is that too much repetition may make the students bored and less receptive.
This might explain why attendance was not improved significantly, because the negative
effect cancels out the positive effect on the attractiveness of the lectures. Using the visitor’s
example again, if Sue goes through the same roads in Cardiff hundreds of times, she may
lose her joy of travelling—which turns to boring commuting. If there is less passion, then
there is less joy of travelling. Therefore, lecturers who adopted nonlinear teaching may
have to think of a way of promoting the students’ motivation and interest while benefitting
from the improvement in effectiveness and efficiency.

It is also worth noting that there is no one-size-fits-all solution in teaching. Different
types of modules require different types of teaching approaches. For example, for intro-
ductory modules like introduction to economics, teaching approaches often emphasize
clarity, simplicity, and motivation. For advanced modules like microeconomic theory and
macroeconomic theory, teaching approaches may need to be more structured. The proposed
nonlinear teaching approach is more appropriate for the latter. The approach has been
supported in a core module of undergraduate economics programmes, but its principles
can be applicable to other subjects with similar features—abstract concepts and quantitative
contents. In general, with the fast development of AI technology, the role of lecturers must
evolve from a knowledge dispenser to a paradigm navigator.
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Abstract: Mobile devices have the potential to transform education and society. Promoting mobile
learning and enhancing teachers’ digital and entrepreneurial skills are essential in achieving this goal.
This study analyses the conditions under which the use of mobile technology can support teachers in
the design, implementation, and evaluation of teaching and learning processes. Data were collected
using a quantitative method based on a self-assessment instrument (Cronbach’s alpha = 1.0046). A
total of 327 educators filled out the survey, which included 67 items scored on a Likert scale. The
self-assessment tool provided participants with feedback on their mobile device use for educational
purposes and suggestions for improvement. The results indicate that the median score of the teachers
was 7, which is regarded as satisfactory, with a gender gap of 3.5 points. In addition, three out of
seven improvement dimensions were identified: technology learning spaces (54.74%), assessment
(57.65%), and design activities (59.26%). In conclusion, the study enabled us to stratify and analyse
teachers’ pedagogical perceptions of mobile learning and the significance of inference in certain
training areas.

Keywords: educational technology; mobile learning; teaching/learning strategies; teacher evaluation

1. Introduction

Faced with the current educational landscape, marked by rapid technological evolu-
tion, mobile devices have consolidated as potential tools to enrich teaching and learning
processes [1]. Furthermore, it is essential to recognise that contemporary education has
highlighted the relevance of ICT through international reports such as the Education 2030
Agenda, Sustainable Development Goal 4, and the 2017 Quingdao Declaration. Under the
Education 2030 Agenda, it is essential to bring information and communication technolo-
gies together to strengthen education systems, disseminate knowledge, facilitate access to
information, and promote high-quality learning. However, despite the growing presence of
mobile devices in society and in education, there is an imperative need to provide teachers
with clear strategies and concrete guidelines for the effective pedagogical integration of
these devices [2–4].

This research aims to analyse the conditions under which the use of mobile technology
can support teachers in the design, implementation, and evaluation of teaching and learning
processes. Specifically, it seeks to answer the following question of the investigation: What
is the level of theoretical and practical knowledge of mobile learning perceived by the
teachers themselves?

To address this issue, a self-assessment tool was developed to help teachers assess their
proficiency in designing mobile device activities, focusing on the identified factors that
promote their integration in the classroom: content, methodological strategies, activities,
evaluation, mobile resources, technological learning spaces, and the teacher [5–9]. In
this study, we present results aimed at examining and evaluating the conditions under
which the use of mobile devices can support teachers in the design, implementation, and
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evaluation of teaching and learning processes through the self-assessment tool and analyse
their use from a gender perspective.

In this framework, and to carry out the different actions of research, a collaboration
was established with the teaching innovation project “PlaMòbils.edu” (Edu/1464/2019,
May 27), promoted by the General Directorate for Innovation, Digitization, Study Plans, and
Languages of the Department of Education of the Government of Catalonia (Spain). This
three-year project sought to improve educational success by using mobile devices (these de-
vices can include smartphones, tablets, laptops, e-readers, ‘Wearables’, and ‘Chromebooks’,
among others) in the classroom.

This research participated in the second and third phases: implementation (2nd year)—
finalisation of planning, follow-up, and evaluation of actions—and project finalisation
(3rd year)—final evaluation and transfer. Specifically, the actions were carried out in
the area of “Methodologies and resources for the improvement of teaching and learning
with mobile devices” that was developed in a virtual classroom of the Campus Ágora
(Moodle) for training and research actions for teachers of the Department of Education,
covering the period from early childhood education to compulsory secondary education,
who were enrolled in the project. The described context emphasises the significance of
inter-institutional collaboration and the ongoing training of teachers, which are crucial
components for ensuring research and collaboration in a real context.

2. Mobile Devices in the Educational Institutions

The use of mobile devices, such as smartphones and tablets, in educational institutions
has become increasingly widespread in recent years [10–15]. These devices offer students
and teachers access to a wide range of learning resources and tools and can provide a more
flexible and engaging learning experience [16,17]. However, the use of mobile devices in
the classroom also poses certain challenges, such as the need for schools to have a clear
policy outlining their use and setting guidelines for responsible and appropriate behaviour.
It is important to create clear policies for the use of mobile devices in the classroom that
address teacher training and support, as this can improve the efficiency and effectiveness
of using mobile devices in the classroom [18].

An effective policy should include clear rules regarding the use of mobile devices and
how they should be used for educational purposes [19]. This research showed that clear
policies can make using mobile devices in the classroom more efficient and effective.

The EU has published the DigComp [20] digital competence framework, which has
been revised and adapted for the educational field in which it is defined as the digCompEdu,
which is the framework that refers to digital teaching competence. In addition, the European
Commission’s [20] report, “Digital Education at Schools,” highlights that many teachers still
have limited knowledge on how to effectively integrate technology into teaching. Although
the availability of digital resources for teaching is improving, there are still barriers to their
use, such as the lack of high-speed internet access and technological devices. The report
also addresses important concerns such as privacy and online security.

At a regional level, the Digital Education Plan of Catalonia (Spain) 2022–2023 [21] es-
tablishes a strategic framework for the use of information and communication technologies
(ICT) in the educational system. It aims to promote digital inclusion and the development of
digital competences in students, as well as to improve the training and professionalisation
of teachers.

The plan includes measures for the development of technological infrastructure in
schools, the integration of ICT in the curriculum, and the training of teachers in the
pedagogical use of technology such as mobile devices. It also addresses the importance of
security and privacy in the use of the Internet and ICT.

3. Designing Mobile-Learning Activities

This strategy encompasses initiatives for enhancing the technological infrastructure
within educational institutions, incorporating information and communication technology
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(ICT) into the educational syllabus, and equipping educators with the skills necessary for
the effective pedagogical application of technology, specifically through mobile devices.
Furthermore, it highlights the critical significance of ensuring security and privacy in the
online environment and the use of ICT.

It is important to make mobile-learning activities that are both interactive and mean-
ingful if you want to keep students interested and help them learn. A previous study has
identified core elements to consider when designing mobile-learning activities [6]:

1. The content: this involves considering the intricacy of the content, ensuring it is
scaffolded appropriately to cater to the diverse learning needs and technological
proficiency of all students. By aligning this approach with the Technological Pedagog-
ical Content Knowledge (TPACK) [22] framework, educators can create a balanced
integration of technology, pedagogy, and content knowledge. This harmonisation is
crucial for developing instructional strategies that effectively leverage technology to
enhance teaching and learning, making education more accessible and inclusive.

2. Methodological strategies: innovative instructional strategies, including gamification,
project-based learning, and case-based learning, serve as key elements in elevating
the engagement and efficacy of mobile-learning activities. Recognising and accommo-
dating the varied learning styles of students is paramount. By crafting activities that
are tailored to meet these diverse needs, educators can ensure a more inclusive and
dynamic learning experience. This approach not only enhances student motivation
but also promotes a deeper understanding of the material, thereby fostering a more
enriching educational environment.

3. Activities: engaging in creating activities that promote collaboration and interaction
among students is crucial for enhancing engagement and motivation. The exercises
should be carefully organised to not only strengthen the application of learned knowl-
edge in real-world situations but also to progress through the many levels of Bloom’s
Taxonomy [23]. By following this approach, tasks can be structured to gradually
push students to higher levels of thinking—first with fundamental remembering and
comprehension, advancing to practical use and examination, and concluding with
assessment and innovation. This method guarantees a whole educational experience
that enables students to analyse content critically, utilise their knowledge in practical
situations, and cultivate advanced thinking abilities, ultimately creating a meaningful
and significant learning process.

4. Evaluation: a multifaceted approach to evaluation, encompassing both formative
and summative assessments, alongside self-reflection and feedback from peers and
instructors, facilitates a thorough understanding of the learning outcomes. This
comprehensive assessment strategy not only measures the effectiveness of the learning
activities but also encourages continuous improvement and adaptation, ensuring that
the educational experiences are both impactful and aligned with learning objectives.

5. Technology resources: utilising technological resources like multimedia, simulations,
and interactive elements can make mobile-learning activities more engaging and
interactive. It is essential to consider the accessibility of these resources and ensure
that they are compatible with the technological platforms utilised by students.

6. Technology learning spaces: the design of technology-based learning environments
can have a significant effect on the success of mobile-learning activities. It is essential
to consider the space’s layout, lighting, and acoustics to ensure that it is conducive to
learning and that students can interact with technology and each other effectively.

7. Teachers: the success of mobile-learning activities depends heavily on the teachers.
They should be trained to utilise the technology effectively and incorporate mobile
learning into their pedagogical practises. Teachers should also be able to provide
students with support, such as assistance with technology and instruction on how to
utilise the materials effectively.

Figure 1 shows the teaching elements of mobile learning that interrelate and constitute
a learning context, taking the student into account.
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Figure 1. The core aspects of mobile learning.

For the design of mobile-learning activities, it is important that teachers are clear
about all the aspects involved. Taking all these elements into account will ensure that their
mobile-learning activities are effective and engaging, considering the key factors discussed
in this article, such as assessment, accessibility, user experience, etc. However, mobile
learning does not come without its challenges. Lack of access to technology and limited
connectivity, for instance, can be a hindrance for students in rural or low-income areas. In
the mobile-learning environment, the lack of privacy and security of personal information
is also a major concern [14,24].

4. Method

This paper aims to analyse the conditions under which the use of mobile technology
can support teachers in the design, implementation, and evaluation of teaching and learning
processes. Specifically, it seeks to answer the following question of the investigation: What
is the level of theoretical and practical knowledge of mobile learning perceived by the
teachers themselves?

To address this issue, a self-assessment tool was developed to help teachers assess their
proficiency in designing mobile device activities, focusing on the identified factors that
promote their integration in the classroom: content, methodological strategies, activities,
evaluation, mobile resources, technological learning spaces, and the teacher.

And if so, what is the level of teachers’ own perceived theoretical–practical knowl-
edge of mobile learning? This study was carried out under a quantitative methodology
with a descriptive and inferential approach, trying to organise, synthesise, and describe
all the recollected information from the self-assessment tool. Moreover, the analysis and
representation of the research data aim to incorporate a gender perspective. It is currently
one of the challenges in terms of gender equality policies to incorporate this perspective
in the scientific field [11,12,25]. The consideration of gender perspectives in research is
also essential in understanding women and men’s experiences and how they interact
with educational technology. The Spanish Law 3/2007 of 22 March, for effective equality
of women and men, states in Article 20, “Adequacy of Statistics and Studies”, that the
public powers must systematically include the variable sex in the statistics, surveys, and
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data collection they carry out [10–13]. This legislation mandates that any research must
examine the data from a gender viewpoint, thus guaranteeing that the conclusions are
more comprehensive and devoid of gender bias. By following these standards, our aim is
to contribute to the advancement of a comprehensive and diverse body of knowledge in
the field of educational technology. Furthermore, it is crucial to acknowledge the signifi-
cance of incorporating the gender variable when designing teacher training programmes
and implementing instructional technologies, as these aspects differ between male and
female teachers.

This study shows the results of phase 2, which is the second of three phases in the EDR
method [26]. This is part of a larger study that looks at how teachers can use mobile devices
to help with the design, implementation, and evaluation of E/A processes. Phase 2: In this
central phase of the research, the self-assessment, usability, and practicality questionnaire
was administered.

4.1. Sample

The study participants were teachers who participated in the pedagogical innovation
project called “Pla Mòbils.edu” (Edu/1464/2019, May 27), promoted by the Education De-
partment of Catalonia (Spain) [27]. The group was composed of 60 educational institutions,
among them 327 teachers from Catalonia in different educational stages. The table below
(Table 1) shows the frequency of participation at each educational stage.

Table 1. Educational stage of the participating teachers.

Educational Stage Teachers (n) %

Childhood Education (3–6 years) 20 6.1%
Initial cycle of Primary Education (6–8 years) 33 10.1%

Middle cycle of Primary Education (8–10 years) 37 11.3%
Upper cycle of Primary Education (10–12 years) 68 20.8%
Compulsory Secondary Education (12–16 years) 169 51.7%

Total 327 100%

The majority of teachers, 51.7%, taught in the compulsory secondary education stage
(12–16 years), while the smallest number of teachers, 6.1%, taught in childhood education
(3–6 years). The other stages had relatively similar representation, with 20.8% in the upper
cycle of primary education (10–12 years), 11.3% in the middle cycle of primary education
(8–10 years), and 10.1% in the initial cycle of primary education (6–8 years).

4.2. Data Collection Instrument

Data collection was carried out using the validated self-assessment tool [6] and was
applied digitally from the project “Pla Mòbils.edu” [27] Virtual Learning Environment
(Moodle). Teachers who were part of the project had automatic access to the virtual
classroom. The questionnaire was designed with platform tools that allowed us to control
a secure environment for both data collection and data processing (Figure 2).

Participants received specific training on digital technologies and mobile devices in
education prior to the questionnaire through their enrolment in the educational program
“Pla Mòbil.edu”, which is based on digital resources, activities, and online seminars.

The questionnaire was divided into two parts: dimension 1 on biodata and dimension
2 on core aspects. Dimension two presented a self-assessment questionnaire consisting of
7 elements (cores aspects): (1) The Content, (2) Methodological Strategies, (3) Activities,
(4) Evaluation, (5) Technology Resources, (6) Technology Learning Spaces, and (7) Teachers,
with 67 items evaluated using a Likert-type scale of 4 points, 1 being “strongly disagree”
and 4 being “strongly agree”.
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Figure 2. Data collection process.

At the end of the questionnaire, teachers were given a score based on their knowledge
on how mobile devices can help them plan, carry out, and evaluate teaching and learning
processes (Table 2), as well as feedback based on their scores. This feedback provided them
with specific educational resources to improve their pedagogical knowledge.

Table 2. Relation of levels and scores that can be obtained from self-assessment tool.

Type % Scores Level

Beginner 0 < 20% Level 1
Medium 20 < 40% Level 2

Advanced 40 < 70% Level 3
Expert 70 < 100% Level 4

The interaction data from the questionnaire were first analysed with Moodle statistical
analysis, and then they were put through the SPPS programme (Statistical Package for the
Social Sciences).

5. Results

5.1. Dimension 1: Biodata

The data from the descriptive and inferential analyses of the participants teachers con-
sidering the moderating variable of gender are presented below. The goal is to demonstrate
the existence or absence of significant differences in order to make future research and
gender-specific strategic decisions. This study counted a sample of 327 participants, 34.25%
male and 65.75% female. Figure 3 shows the distribution of gender according to teachers’
educational stages.

Most of the participants were women, and they outnumbered men in all educational
stages. We can also see that in the early stages, women outnumbered men three to one and
are thus more visible. On the other hand, male representation increases at the compulsory
secondary education stage, but still, women represent 30% more than men.
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Figure 3. Comparison plot of gender and educational stage.

In Figure 4, we can observe the school subjects taught by the teachers participating in
the study. The three most prominent subjects were (1) mathematics (94%), Catalan (87%),
and Spanish (76%). Following were “culture and values”, “art”, and “natural sciences”,
with less than 35% of remaining subjects technological. It can be said that teachers teach
one or more subjects simultaneously, so the percentages are more evenly distributed.

 

Figure 4. Subjects of participating teachers.

As for the gender distribution of the school subjects (Figure 5), this is notable in subjects
dominated more by male (m) than by female (f) teachers: (1) Computing (m = 100% < f = 0%);
(2) Computing programming (m = 80% < f = 20%); (3) Physics (m = 72% < f = 28%);
and (4) Chemistry (m = 70% < f = 30%). On the other hand, female sex predominated
in the following subjects: (1) Art (f = 90% < m = 10%); (2) Catalan, Spanish, and En-
glish (f = 80% > m = 20%); (3) Maths (f = 80 < m = 20%); and (4) Culture and Values
(f = 80% < m = 20%). Gender representation was balanced in the following subjects: (1) Tech-
nology, 50% (male) = 50% (female); and (2) Robotics, 40% (male) > 60% (female).
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Figure 5. Subjects and gender of participating teachers.

In contrast to the humanities, which typically do not exceed 20%, it is apparent from
the subjects of the technological branch that men teach them more frequently than women.

Regarding the frequency of use of mobile devices (Figure 6) as part of their teaching
practices, 42.86% of the participants used them occasionally, 30.83% used them frequently,
and 25.94% used them very frequently. Only 0.38% of the participants never used mobile
devices in their teaching practices.

Figure 6. The frequency of using mobile devices in the classroom for educational activities.

Our data indicate that mobile devices are being used in the participants’ educational
context, not as a highly frequent activity, but on an occasional basis. Figure 7 shows how
often mobile devices are used in the classroom.

Figure 7. Frequency of use of mobile devices in the classroom by gender.
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Although we can highlight that there is a higher percentage in “occasionally” (85% fe-
male, 31% male) and in “frequently” (68% female, <28% male), this is due to the high
female participation, specifically 31.5% more.

5.2. Dimension 2: Content Results

The following are the results of the second dimension, which analyses the level of
knowledge and use of mobile devices in education. This dimension of the self-assessment
questionnaire comprises seven elements: (1) The Content; (2) Methodological Strate-
gies; (3) Activities; (4) Evaluation; (5) Technology Resources; (6) Technology Spaces; and
(7) The Teachers.

The data are presented by comparing the averages according to gender and educational
stage moderators to establish whether there are significant differences found from the
statistical analysis. The arrangement of the data ranges from the general scores of the
tool’s results to the specifications of each of the 67 items comprising the set of the seven
key elements.

Table 3 shows the general median (M) of the group of teachers (n = 327), indicating a
medium–advanced level of mobile device use in education. The reliability is also identified
in the internal consistency, as the partial averages obtained with the different items are
consistent with each other; see 1.004 (( )). As for the score and the ratio of the levels, in
ascending order, 2.96% obtained the middle level, 62.71% the advanced level, and 34.32%
the expert level.

Table 3. Global punctuation of teacher self-assessment.

Teachers M Mo σ2 S Q1 Q3 g2 α

n = 327 7 7 1.865 1.365 6 8 0.061 1.004

The box diagram (Figure 8) allows us to visualise and compare the distribution and
central trend of the numerical values of the scores (levels obtained) of teachers through
their quarters. The interquartile range (IQR) is 65–77% relative to the global median.

 

Figure 8. Statistics for the positions of the questionnaire elements.

Table 4 shows the scores obtained in the questionnaire for the seven elements, as
can be observed. The Cronbach’s Alpha of each element is above 80%, which means that
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the self-assessment questionnaire blocks have a high level of reliability and, therefore,
indicate that the scores received can be used to rank teachers by levels in a consistent
manner. Because there are more data values near the average and fewer values in the
queues, negative kurtosis is placticurtic.

Table 4. Analysis and ratings of the seven elements of the self-assessment questionnaire.

Teachers M σ2 FI σ DI Q3DE

(1) Content 7.75 3.803 78.78% 17.42% 53.40% 62.74%

(2) Methodical Strategies 7.42 4.442 69.80% 19.74% 64.68% 71.10%

(3) Activities 6.83 4.939 66.74% 22.27% 69.63% 75.04%

(4) Evaluation 6.40 5.277 63.41% 22.24% 65.46% 71.56%

(5) Mobile Resources 7.44 4.357 73.52% 21.52% 62.26% 69.48%

(6) Technological Learning Spaces 6.85 5.285 66.31% 23.47% 65.11% 70.25%

(7) Teachers 7.48 4.136 74.78% 20.92% 62.56% 69.78%

In relation to the seven core elements, it can be observed (Table 4) that a Facility Index
(FI) between 66 and 80% is fairly easy, showing that teachers have a good understanding
of the key ideas that are at the heart of the questions. The Discrimination Index (DI) is
greater than 50%, indicating a strong correlation between the scores of the seven elements
and the overall test scores. The items with a higher score are as follows: (1) Content
7.75 (M), (2) Teachers 7.48 (7.48), and (3) Mobile Resources 7.44 (M). The elements that
show the lowest scores, meaning that teachers have had a more negative perspective on
their educational capacity, are as follows: (1) Evaluation 6.40 (M); (2) Activities 6.83 (M)
and (3) Technological Learning spaces 6.85 (M). These three elements in turn have variance
(V) values that are closer to the median, making them more representative. The dispersion
(SD) of the scores with respect to the median is around 20%, a low value, indicating that the
answers are close to the median, and in the same way, the discriminative efficiency (DE)
(+20%) indicates that the responses of teachers are within the pattern.

In relation to the general scores obtained in Figure 9, the comparison between the
educational stages and the median of teachers is shown.

 

Figure 9. Plot of total grades and educational stages.

The stage with the highest score, meaning that teachers have a positive self-perception
of their knowledge, is the middle cycle of primary education (8–10 years) with a median of
8, and the educational level with lowest score is childhood education (3–6 years) with a
median of 6.5.
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In the following figure (Figure 10), the averages are represented according to the
moderating variables of gender and educational stage. As can be seen in the children’s
educational stages in relation to gender, we can observe that the score obtained is higher in
male teachers than in female teachers, even though this is a stage in which most participants
are women (6 > 8).

Figure 10. Comparison plot of gender and educational stage scores.

Score and gender differences are not shown during upper education stages, but there
is a gender difference during childhood and early primary education stages. Even though
male teachers are a minority in the sample and specifically in the childhood educational
stages, their median is two points higher: 6 > 8 in childhood education, 6.5 > 7 in the initial
cycle of primary school, and 7 > 8 in the middle cycle. Males have a stronger self-perception
of their competence in using mobile devices (educational technology) in the classroom than
female teachers (relative to the obtained medians). As mentioned above, the sample is
made up of 31.5% more women than men, and the declaration of the frequency of use is
higher in women (+40%) than in men.

The data collected from each element and items evaluated by teachers are then pre-
sented using descriptive analysis. These have enabled us to identify and correlate higher
and lower values with various levels of use.

Element 1, “the Content”, evaluates and refers to the techno-pedagogical knowledge
of the content (TPACK). As can be seen in Figure 11, an advanced level (Level 3) has been
obtained with an average of 7.75 (M) and a discriminative efficacy index of 53.40% (FI).

 

Figure 11. Descriptive results of element 1: content.

The highest and lowest scores were:

• Item 7: I search and select information or open educational resources that best adapt
to the educational needs of my students. (M = 8.24, FI = 80%).
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• Item 8: I reuse, improve, or create new learning resources that adapt to the educational
needs of the students. (M = 8.18; FI < 80%).

• Item 9: I make open access educational resources I’ve created available to the educa-
tional community. (M = 6.27; DE < 60%).

• Item 6: I contrast similar educational experiences that work with mobile devices.
(M = 7.3; DE = 65%).

Following the analysis of element 2 (Figure 12), we can see that methodological
strategies such as the support of students help in the process of appropriation of knowledge
by students through productive, experiential, or communicative learning activities. In this
section, teachers obtained an advanced level (level 3) with an average of 7.42 (M) and a
discriminative efficiency of 71.10% (DE).

 

Figure 12. Descriptive results of element 2: Methodological Strategies.

The highest and lowest scores were:

• Item 12: Proposal for incorporating multimedia into methodological strategies for
presenting and teaching content. (M = 7.94, FI < 75%).

• Item 5: I apply methodologies that promote students’ key competencies. (M = 7.9;
FI = 70%).

• Item 10: I apply the Game-based Learning methodology, with the help of mobile
devices. (M = 6.4; DE < 65%).

• Item 9: I know that mobile devices can be used to make the Seamless Learning method
even better. (M = 6.65; DE < 65%).

Element 3, “Activities” (Figure 13), on the other hand, is concerned with the process of
designing activities that are aligned with taxonomies: Bloom, LATs, the TPACK model [28],
and activities integrated with the environment [29]. The level obtained corresponds to an
average level (level 2) with a median of 6.8 (M) and a discriminatory effectiveness index of
69.63% (DE).

Figure 13. Descriptive results of element 3: Activities.

64



Appl. Syst. Innov. 2024, 7, 31

The highest and lowest scores were:

• Item 2: I differentiate and diversify the activities I propose with mobile devices.
(M = 7.19; FI < 75%).

• Item 9: I apply methodologies that promote students’ key competencies. (M = 7.2;
FI < 70%).

• Item 4: Propose activities related to the taxonomies: 1. cognitive mastery, 2. procedural
mastery and 3. attitudinal mastery in educational interventions carried out with
students. Attitudinal mastery in educational interventions designed with mobile
devices. (M = 5.9; DE < 60%).

• Item 6: Propose activities aimed at projecting, calculating, and reconstructing using
mobile devices. (M = 5.91; DE < 60%).

The fourth element, “Evaluation,” talks about the steps and questions that need to be
thought about when evaluating activities that use mobile devices. In Figure 14, an average
level (level 2) with a median of 6.40 (M) and an index of discriminative effectiveness of
65.46% (DE) is shown.

 
Figure 14. Descriptive results of element 4: Evaluation.

The highest and lowest scores were:

• Item 1: I develop an assessment that answers the following questions: who? (Teachers,
students, etc.): What? (Didactic objectives), How? (Quantitatively or qualitatively),
When? (Initial, continuous, final, or deferred), Why? (Diagnostic, formative, or
summative evaluation), With what? (Information collection instruments) (M = 7.5;
DE > 45%).

• Item 9: I will use a variety of evaluation tools in my mobile media activities: inter-
views, questionnaires, focus groups, observation diaries, reports, projects, checklists,
e-portfolios, surveys, individual tests, or observation scales. (M = 7.5; DE = 70%).

• Item 8: I know how to assess students from the 360-degree assessment or integral
assessment in the educational interventions that I design with mobile devices. (M = 4.9;
DE < 70%).

• Item 4: I have an assessment that contemplates the summative aim of the educational
interventions that I design with mobile devices. (M = 6.5; DE < 60%).

Regarding element 5, “Technology Resources,” this reflects how technology should
be used both in its educational functionality and in its structure [1]. As can be seen in
Figure 15, an advanced level (Level 3) has been obtained with an average of 7.44 (M) and a
discriminative efficacy index of 62.26% (DE).
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Figure 15. Descriptive results of element 5: Technology Resources.

The highest and lowest scores were:

• Item 2: I know the main characteristics of the mobile applications that I use, and I
check their functionality beforehand. (M = 8.19; DE < 70%).

• Item 1: Know the main characteristics of mobile devices. (M = 8.04; DE < 60%).
• Item 8: When I plan learning activities with mobile devices for students, I use both

online and offline devices and apps. (M = 6.8; DE < 65%).
• Item 9: I try to establish accessibility criteria in the selection of mobile devices and

applications for learners to use. (M = 7.01; DE < 70%).

Element 6, “Learning Space Technologies” (Figure 16), deals with mobile devices,
and contemplates their usability and facility integration in the environment so that they
do not create protagonism or, at the same time, hinder the educational multifunction of
spaces. Teachers here obtained an average level (level 2) with a median of 6.85 (M) and a
discriminatory effectiveness index of 70.25% (DE).

Figure 16. Descriptive results of element 6: Learning Space Technologies.

The highest and lowest scores were:

• Item 8: I consider that spaces with mobile devices must be accessible and facilitate the
integration of students from diverse backgrounds. (M = 7.92, DE < 60%).

• Item 4: I take into account the distribution of mobile devices in the classroom for
autonomous and group use by the students. (M = 7.62, DE < 70%).

• Item 6: I can create environments in my classroom using mobile devices to create
experiences and pique students’ interest. (M = 6.11; DE < 65%).

• Item 7: I design spaces with mobile technologies that promote the self-management of
information, planning, and reflection on learning by students. (M = 6.21, DE < 75%).
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Concerning element 7, “Teachers,” the evaluative items assess digital teaching com-
petence and how teachers are trained to use mobile devices in the best way for each
situation [13]. As can be seen in Figure 17, teachers obtained an advanced level (Level 3)
with an average of 7.48 (M) and a discriminative efficacy index of 69.78% (DE).

 

Figure 17. Descriptive results of element 7: Teachers.

The highest and lowest scores were:

• Item 9: I have a high level of teamwork competence with other teaching colleagues at
the school. (M = 7.94; DE > 55%).

• Item 8: I believe that I am able to participate in a safe and civic way using my digital
identity. (M = 7.92; DE > 65%).

• Item 2: I have a good understanding of ICT and how to incorporate it into the learning
process. (M = 6.95; DE < 70%).

• Item 3: I am able to propose techno-pedagogical learning activities for the design,
transformation, and application of the content. (M = 7.05; DE < 75%).

In general, this study underscores teachers’ proactivity and commitment to adapting
and customising educational resources to meet the individual needs of students, leveraging
open and mobile technologies. This willingness reflects a positive trend towards educa-
tional innovation and the effective use of technology to enrich learning processes. However,
it also emerges from the findings that there is a certain reticence or lack of experience in
assessing students through mobile devices, suggesting a potential gap in teacher training
in this specific area. Assessment, being a critical component of the educational process,
requires strategies and tools adapted to technology-mediated teaching modalities. Less
confidence or experience in this aspect could limit teachers’ ability to fully integrate mobile
devices into the classroom in a way that maximises their pedagogical potential. Therefore,
it is imperative that professional development programs and teacher training incorporate
specific modules on digital assessment, focusing on methodologies and tools that allow
for the effective and adaptive measurement of student performance and understanding in
technologically enriched environments.

Lastly, the detailed analysis of technology integration in education, as presented in
this study, highlights the complexity of this process and the variety of skills required for its
successful implementation. As we continue to explore and better understand these dynam-
ics, maintaining a collaborative and research-based approach to developing strategies that
support teachers in all facets of technology-mediated education will be crucial.

6. Discussion

The central aim of this research was to analyse the conditions under which mobile
technology can support teachers in the design, implementation, and evaluation of teaching
and learning processes. More specifically, our investigation sought to unravel the following
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research question: “What is the level of theoretical and practical knowledge of mobile
learning as perceived by the teachers themselves?”. To address this, we utilised data
derived from a specially designed self-assessment tool, enabling us to capture teachers’
perceptions of their use of mobile devices in educational settings.

According to the study’s object, teachers use mobile devices in the classroom at a
middle–high level (40–70%). Our analysis has revealed insightful details across seven
critical dimensions: content, methodical strategies, activities, evaluation, mobile resources,
technological learning spaces, and teachers’ self-perception.

• Teachers exhibited a strong engagement with content delivery and mobile resources,
as evidenced by their high mean scores of 7.75 and 7.44, respectively. The facilitation
indices showed that teaching practices effectively facilitated approximately 78.78%
and 73.52% of the content and mobile resources domains. These areas also exhibited
relatively lower variances, suggesting a consensus among teachers on their comfort
and competence in these domains. The robust Cronbach’s alpha values (0.855 and
0.897) underscore the reliability of these findings, highlighting content and mobile
resources as strengths within the current pedagogical framework.

• Methodical Strategies, Activities, and Evaluation: The domains of Methodical Strate-
gies, Activities, and Evaluation, while still rated positively, indicated areas where
teachers may benefit from further support. Mean scores in these categories were
slightly lower, with corresponding increases in variance, pointing to a diversity in
teacher experiences and comfort levels. Notably, the discriminative efficiency in these
areas suggests that these aspects of mobile learning could have a big effect on the
quality of teaching, as long as gaps in professional development are filled.

• Technological Learning Spaces and Teachers’ Self-Perception: Technological Learning
Spaces and Teachers’ Self-Perception areas presented a mixed picture. While the
facilitation index remained above 66% for both, indicating a generally positive outlook,
the higher standard deviations and variances reveal a broader spread of responses.
This spread suggests varying levels of confidence and experience among teachers
in integrating technology-rich learning environments and reflecting on their own
pedagogical practices. The kurtosis values closer to zero indicate a distribution that
resembles normality, suggesting diverse experiences that merit further exploration
and support.

The findings articulate a clear narrative: teachers are embracing mobile technology in
education, recognising its potential to enrich teaching and learning processes. However,
the variance in comfort and proficiency levels across different elements underscores the
necessity for a nuanced approach to professional development. Specifically, enhancing
teachers’ skills in assessment, technological learning spaces, and methodical strategies
could significantly elevate the quality and efficacy of mobile-learning initiatives.

Reflecting on our research objective and question, it is evident that while teachers
possess a foundational theoretical and practical knowledge of mobile learning, as indicated
by their perceptions and self-assessment, there remain considerable opportunities for
growth. The self-assessment tool has proven to be a valuable instrument in identifying
these opportunities, guiding both educators and policymakers in focusing their efforts on
areas that promise the greatest impact on pedagogical effectiveness.

These insights should drive policymakers and educational leaders to consider tailored
support and professional development in leveraging mobile technologies within the class-
room, focusing particularly on areas such as assessment and technological learning spaces
where gaps have been identified.

For instance, our findings related to the strong engagement of teachers with content
delivery and mobile resources echo the results of studies [30] that emphasise the growing
significance of mobile devices as tools for accessing and interacting with educational
content. However, our study extends these insights by quantitatively measuring teachers’
self-assessment scores and facilitating indices in these domains, thus providing a more
granular understanding of their competencies and confidence levels.
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Additionally, the research methods, activities, and evaluation parts of our study
show areas of mobile learning that need more attention. This is what [31] says about
the difficulties teachers face when they try to use mobile technologies effectively in their
lessons. Our research adds to this discourse by offering specific data on the variance in
teacher experiences and comfort levels, informed by a comprehensive self-assessment tool.

The incorporation of a gender and educational stage perspective also sets our research
apart, contributing to a more nuanced understanding of how different demographics
engage with mobile learning. This approach resonates with the work of [32], who discusses
the importance of considering diverse teacher backgrounds in educational technology
research but goes further by providing empirical data on these differences.

Additionally, [33] highlighted the transformative potential of mobile learning, which
our study aligns with and expands upon. By quantifying the self-perceived proficiencies of
teachers across various pedagogical elements, our research provides insights into the specific
supports needed to leverage mobile technology effectively within educational practices.

This research identifies challenges and opportunities related to the adoption and
effective integration of mobile learning, which are in line with [34]. However, our anal-
ysis, when viewed through the lens of self-assessment and professional development,
provides a unique perspective by elaborating on the manifestation and practical solutions
for these challenges.

Our study adds to the ongoing discourse on mobile learning within educational
contexts by exploring the intricate aspects of how teachers perceive and utilise mobile
devices for pedagogical purposes. While previous research has extensively explored the
adoption and broad impacts of mobile technologies in education, our investigation seeks to
fill a specific gap by focusing on the nuanced pedagogical elements that underpin mobile
learning. Through the utilisation of a self-assessment tool, we have been able to gather
detailed insights into the areas where teachers feel proficient as well as those where they
see potential for further growth. This approach allows us to provide a granular view of
mobile learning’s implementation challenges and successes, thus offering a complementary
perspective to existing literature on the subject.

6.1. Challenges and Opportunities of Self-Assessment Tools of Teacher’s Knowledge

Self-assessment tools for teachers in the context of mobile-learning activities present
both challenges and opportunities. On one hand, self-assessment tools can help teachers
evaluate their own effectiveness and identify areas for improvement. This can lead to more
effective and efficient teaching practices [35–38].

The implications of these findings for policy and implementation are profound. By
providing teachers with the means to self-assess and reflect on their pedagogical practices,
we not only promote personal and professional growth but also pave the way for the
development of more dynamic, responsive educational environments. Therefore, it is
imperative that educational policymakers and stakeholders consider these insights when
formulating strategies for the integration of mobile devices in classrooms. However, the
use of self-assessment tools also presents several challenges. One challenge is ensuring
the accuracy and reliability of the self-assessment results. Another challenge is the need
for teachers to have adequate training and support in using the self-assessment tools.
Despite these challenges, self-assessment tools offer several opportunities for teachers in
mobile-learning environments. For example, self-assessment can help teachers reflect on
their teaching practices and identify areas for improvement.

Policymakers and educational institutions should therefore prioritise the develop-
ment and dissemination of comprehensive training programs. These programmes should
not only focus on the technical aspects of mobile learning but also address pedagogical
strategies to enhance teaching and learning outcomes. Self-evaluation is an important
tool for personal and professional growth because it lets a person evaluate how well they
performed a certain task or activity. Bandura [39] states that self-assessment is an effective
strategy for improving self-awareness and self-efficiency. According to the data, out of
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n = 300 female teachers, 25% did not participate, and out of n = 158 male teachers, 72.68%
did not participate, so we can say that women are more likely than men to self-assess their
level of use of mobile devices. Despite this, female participants perceive themselves as less
knowledgeable of the pedagogical uses of mobile devices than the male ones. According by
Dunning and Kruger [40], women tend to underestimate their abilities, while men tend to
overestimate them. This phenomenon is called the Dunning–Kruger effect. In other words,
women are more self-critical and have less confidence than men. In addition, even when
both sexes have the same outcome, women tend to evaluate their ability in each task lower
than men. The term for this phenomenon is “self-assessment bias” [35].

The future action plans should specifically aim to empower female teachers through
targeted training and professional development initiatives. Enhancing their confidence
and competence in using mobile devices for educational purposes will contribute to a more
equitable and effective educational technology landscape [41–43].

The future action plans should focus on capturing female teachers so that they can
be trained and trained in the use of mobile devices and thus have a more positive self-
perception of their professional abilities. The great participation in the thematic areas of
that field is also manifested in the increased participation of the lower educational stages
(infantile, primary, and primary), yet there are more teachers in the higher stages. Therefore,
training spaces should be provided to teachers to promote the implementation of the use of
mobile devices in the initial stages and incorporate training for non-technological subjects.

6.2. Limitations and Future Research Directions

Although our study benefits from a large sample size, it is critical to recognise key
limitations that will guide future research. Focusing on teachers in the “Pla Mòbils.edu”
project allowed us to analyse mobile device integration in education from a unique and
committed standpoint. This unique feature has given us great insights into how these
teachers, who are already predisposed to adopting educational technologies, perceive and
use mobile devices in their pedagogical practices. Our findings are based on the experiences
of instructors in “Pla Mòbils.edu” who are interested in integrating mobile technology into
the classroom. This may differ from teachers’ perceptions and practices in other educational
settings. As a result, one drawback of our study is that the findings may not be applicable to
all teachers, particularly those who have not participated in previous projects or who have
limited access to resources and training in mobile educational technologies. This highlights
the need for additional study with teachers outside of “Pla Mòbils.edu”. Expanding our
research to include a broader range of educational settings would allow us to determine
whether the tendencies observed in our study apply in diverse contexts with varying levels
of access to technology and institutional assistance. Future research including instructors
from many educational contexts would help us better understand the integration of mobile
technology into education by emphasising common obstacles, possibilities, and effective
solutions that can be used in a larger range of educational scenarios. Thus, by investigating
teachers’ adoption and use of mobile devices in a broader range of educational contexts,
we can begin to construct a more comprehensive map of mobile technology in education.
This will not only enhance our understanding of current dynamics, but will also serve as a
strong foundation for the development of policies and practices that support the effective
and equitable integration of new technologies at all levels of the educational system.

Currently, society is questioning the educational use of technology, highlighting the
need for reflection. Questioning the use of technology in educational environments reflects a
maturity point in our society, allowing us to recognise associated risks and highlighting the
importance of its proper application through relevant studies. Therefore, monitoring and
updating the self-assessment tool in research is crucial in ensuring its long-term relevance.
In this sense, the resulting tool must be accessible and free to use for the educational
community through the web of research and project ‘Pla Mòbils.Edu’, aligned with the
UNESCO recommendations on Open Science, which promote the sharing of data and
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results, to facilitate its discussion, feedback, and continuous improvement, allowing the
tool to evolve and adapt to the emerging needs of the education field.

As we consider the evolution and expansion of research in the domain of mobile
learning, it is crucial to outline potential directions and approaches that could further
enrich the field. This study has laid a foundation by exploring the integration of mobile
devices from the teacher’s perspective, using a self-assessment tool to gauge their comfort
and capabilities with these technologies in educational settings. However, the journey
does not end here. The horizon of this research encompasses the development of new
exploratory phases aimed at broadening the scope of our understanding.

One significant future strategy involves launching a new Educational Design Research
(EDR) phase focused specifically on monitoring an entire academic cycle. This phase aims
to observe how teachers integrate the self-assessment tool and mobile devices into their
pedagogical practices on a day-to-day basis, offering a more nuanced view of the practical
challenges and successes encountered. Such an approach will enable a deeper investigation
into the impact, adaptability, and long-term viability of mobile-learning tools, fostering a
richer comprehension of their effectiveness and potential areas for enhancement within the
real-world classroom setting.

In addition, while the insights derived from teachers have been invaluable, a compre-
hensive assessment of mobile-learning strategies cannot be complete without considering
the students’ perspectives. It is essential to understand how students perceive, interact
with, and impact mobile devices in their learning environments. Their experiences, out-
comes, and feedback can provide a complementary lens through which the efficacy of
mobile-learning approaches can be more fully evaluated.

Therefore, a pivotal area for future research is to delve into students’ viewpoints on
mobile learning, examining the perceived benefits, challenges, and overall influence on
their educational experiences. Such investigations promise to significantly broaden our
understanding of the effectiveness of mobile learning and guide the development of more
refined, learner-focused methods for integrating technology into educational frameworks.

By embracing an inclusive approach to research that encompasses both teachers’ and
students’ perspectives, we can ensure that the evolution of mobile-learning environments
is informed by a comprehensive understanding of all stakeholders involved. This approach
will not only deepen our insight into the dynamics of mobile learning but also aid in
crafting policies and practices that genuinely align with the needs and preferences of the
wider educational community. By incorporating students’ perspectives into our research
framework, we ensure that an in-depth appreciation of all parties’ experiences shapes
the advancement of mobile-learning settings, resulting in more effective, engaging, and
inclusive educational experiences.
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Abstract: Evaluation methods based on data-driven techniques and artificial intelligence for the
sustainable enrollment plan configurations of Chinese universities have become a research hotspot in
the field of higher education teaching reform. Enrollment, education, and employment constitute
the three key pillars of talent cultivation in universities. However, due to an unclear understanding
of their interconnection, universities have yet to establish robust quantitative relationship models,
hindering the formation of an evaluation mechanism for sustainable enrollment plan configurations.
This study begins by constructing a relevant indicator system and utilizing real enrollment data from
a specific university. Through statistical methods such as correlation analysis, it systematically sorts
out key variables and identifies seven effective indicators, including average admission score and first-
time graduation rate. Subsequently, by using the increase or decrease in enrollment quotas for each
major as the experimental target, evaluation models for sustainable enrollment plan configurations
aimed at enhancing the advanced education rate are constructed using naïve Bayes networks and
tree-augmented Bayesian networks; these are compared with three other classic machine learning
methods. The accuracy of these models is evaluated through confusion matrices and receiver
operating characteristic curves. Additionally, the Birnbaum importance analysis method is utilized to
prioritize remaining variables, ultimately identifying the optimal combination strategy of indicators
conducive to the sustainable development of the advanced education rate. The results indicate that
the average admission score, transfer rate, and student/teacher ratio are the top 3 prognostic factors
affecting the advanced education rate, with the TAN model achieving an accuracy of 96.49%, thus
demonstrating good reliability.

Keywords: enrollment plan configurations; sustainable enrollment policies; advanced education rate
prediction; importance ranking; indicator combination strategy

1. Introduction

Enrollment, education, and employment are vital components of talent cultivation
in higher education institutions. To achieve sustainable and high-quality development in
higher education, establishing a linkagefeedback mechanism is crucial. Only through the
mutual promotion of these three components can a virtuous “closed loop” of development
be formed. The enrollment work of a university serves as the starting point of the entire
talent cultivation system. High-quality student intake serves as a solid foundation for the
quality of talent cultivation and is also a significant guarantee for improving employment
rates. The consensus among many educational professionals is to promote enrollment
through education and to promote employment through enrollment [1,2].
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An analysis of the literature using “enrollment, education, and employment” as the
primary keywords reveals the predominant themes of linked mechanisms. Publications
have notably surged since 2018, reflecting higher education’s shift towards high-quality
development. In recent years, many universities have been proactive, urgently seeking
feasible solutions, particularly in the field of enrollment planning, with mathematical
modeling methods emerging as a prominent focus of attention. Wang explored a linked
mechanism for employment-oriented program settings and enrollment plan allocation,
effectively enhancing the rationality of university self-construction efforts [3]. Jiang used a
combination of subjective and objective weighting methods to assign weights to indicators
for professional early warning mechanisms, scientifically and reasonably determining the
expansion, cultivation, maintenance, alert, and elimination of various majors, achieving a
process of natural selection among majors [4].

From a review of the literature, it can be observed that researchers usually start with
qualitative or quantitative analysis to comprehensively evaluate enrollment, education,
and employment, and establish linkage mechanisms based on indicator systems. Although
it has received widespread attention, the construction of linkage mechanisms in 90%
of Chinese universities remains in the exploratory stage. Less than 10% of universities
propose leveraging enrollment plans with application rates and employment rates as
primary evaluation indicators, constructing red, yellow, and blue alerts for the qualitative
analysis of enrollment programs. Fewer use databases to establish mathematical models,
quantifying and extracting indicators of enrollment, education, and employment situations
and combining them with the actual situation of the school to assign reasonable weights [5].
However, when constructing enrollment plan warning standards, model parameters are
often determined through methods, such as surveys, which are relatively subjective and
cannot reflect the level of attention appropriate to each indicator.

There are two major challenges: the first challenge includes data collection, integration,
and analysis mechanisms, and the second challenge comprises the evaluation of sustainable
enrollment plan configurations based on student and education quality. Currently, data
related to these challenges are housed in different departments of universities, sourced from
various databases, and exhibit significant heterogeneity, making integration challenging.
Furthermore, without establishing a comprehensive indicator system, researchers either
face the challenge of dealing with high-dimensional data with numerous noisy indicators
or struggle to extract key information due to the limited number of selected indicators.
Moreover, the task becomes more challenging as most machine learning or deep learning
algorithms, while capable of producing satisfactory predictive results, often fall short in
establishing dynamic adjustment mechanisms for enrollment plans. For example, despite
researchers attempting to utilize Bayesian classification algorithms and incorporating them
into decision tree learning models to construct predictions, they have not recognized
the unique node relationships of Bayesian networks for studying the states of indicator
combinations. Bayesian networks provide a powerful tool for analyzing and optimizing
complex relationships. Therefore, it is possible to explore this technology, establish a
network structure with the advanced education rate as the target variable, and discover
key influencing features under different indicator combinations, subsequently identifying
the optimal combination strategy.

In conclusion, with the goal of achieving sustainable improvement in the advanced ed-
ucation rate, it is imperative to construct linkage feedback mechanisms as well as evaluation
methods for sustainable enrollment plan configurations.

2. Literature Review

2.1. Current Research Status of Feedback Mechanisms

Universities are the main actors in formulating enrollment plans, and the linkage
between enrollment, education, and employment is indispensable [6]. Anafnova pointed
out that the formulation of enrollment plans is a systematic engineering process that
requires comprehensive analysis rather than simple quantity adjustments [7]. Wang further

75



Sustainability 2024, 16, 2998

revealed that factors such as socio-economic development environment, school positioning,
employment quality, and student quality all influence the formulation of enrollment plans,
and these internal and external factors are interrelated [8]. Therefore, to achieve the healthy
development of the entire system, it is necessary to integrate and coordinate the three core
aspects in universities.

The construction of a linked reform system for enrollment, education, and employment
was proposed early on, advocating for high-quality university construction, high-quality
graduates, a strong teaching faculty, and teaching quality to promote enrollment. There
exists a structural contradiction and a mismatch between the talent cultivation in univer-
sities and social demand. University graduates are not necessarily in surplus in terms of
quantity but suffer from structural imbalances. Several scholars have analyzed that the root
cause lies in the failure to establish a sound linkage mechanism for enrollment, education,
and employment. These three aspects are interconnected, and any failure in one aspect will
affect the entire education process [9,10].

Additionally, predicting the advanced education rate is an important approach to
grasp the effectiveness of enrollment plans and the quality of talent cultivation. Addressing
this issue, scholars have conducted in-depth analysis and research from initial expert
prediction methods to linear prediction based on time series models and grey system
models, and the current mainstream non-linear prediction methods based on machine
learning such as neural networks and ensemble learning. However, some issues persist.
Despite widespread attention to the interconnection between enrollment, education, and
employment, research in this area remains limited in depth. The majority of universities in
China are still in the exploration stage, with very few attempting to quantify and extract
indicators, combine them with actual school weightings, establish models, and construct
early warning systems for enrollment in majors [11–13]. The existing literature shows
that the laws governing interconnection remain unclear, with most research focusing on
theory rather than empirical studies. The majority of research mainly discusses ideas
and frameworks, qualitatively elucidating the relationship between the three components,
without establishing quantitative relationship models.

The fundamental task of universities is talent cultivation and achieving a dynamic
balance between talent supply and demand. However, there is currently a common issue
in universities where the enrollment, education, and employment departments work
separately. The importance placed on enrollment as the entry point and employment as the
exit point is imbalanced, thus failing to form a virtuous cycle. Through an extensive analysis
of the literature, it can be observed that the basic steps of this approach, in sequence, can be
summarized as follows [14–16]: establishing an enrollment plan decision support system
based on the linkage between enrollment, education, and employment; quantifying and
extracting indicators; assigning reasonable weights based on the actual situation of the
school; establishing a rational model; calculating the comprehensive quantitative scores
of enrollment majors; making qualitative evaluations based on quantification; issuing
warnings for majors; and, ultimately, assisting in the construction of a linked mechanism
for enrollment, education, and employment in universities.

2.2. Current Research Status of Bayesian Networks

Bayesian networks are a type of probabilistic graphical model tool that utilizes graph
structures to represent conditional dependencies between variables. Nodes represent
random variables, and directed edges represent causal relationships between variables.
Probability inference is conducted through the use of joint probability distributions and
conditional probability distributions; probability distributions are updated based on known
information. Bayesian network technology effectively handles uncertainty and improves
model generalization performance by learning dependencies from data. In recent years,
significant research progress has been made in fields such as artificial intelligence, data
analysis, and bioinformatics, and Bayesian networks have been widely applied in machine
learning tasks such as classification and regression.
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The application domains of Bayesian networks extend across various industries, en-
compassing finance, healthcare, and engineering [17–19]. Within the healthcare sector,
Bayesian networks find utility in disease prediction, patient risk assessment, and other
critical tasks. By amalgamating diverse medical data sources, they can model intricate
disease interrelationships, thereby furnishing personalized predictions and diagnostic
recommendations for patients. In finance, they are instrumental in risk management and
investment decision-making. Through the modeling of market and economic indicators,
they facilitate prognostications of future market trends and investment portfolios, aiding
investors in devising more efficacious strategies. Within the industrial sphere, they are
harnessed for predictive maintenance and production process optimization. By modeling
equipment sensor data and production parameters, they enable the early identification of
equipment failure risks, consequently enhancing production efficiency.

However, this method is rarely applied in the field of education, especially in the evalu-
ation of sustainable enrollment plan configurations. Bayesian networks provide a powerful
tool for analyzing complex relationship networks. For example, by first identifying key
variables, a Bayesian network structure for enrollment plans can be established; then, each
node can be analyzed in detail to explore the relationship between nodes. Subsequently,
statistical studies can be conducted on different combinations to understand the impact of
various indicator combinations on the advanced education rate and uncover key features
of influential indicators. The advantages of this approach are evident: by probabilistic
inference, the uncertainty of enrollment plan configurations can be quantified; Bayesian
networks can effectively model the complex relationships involved in enrollment plans,
helping to understand the causality between various variables; by uncovering key features
of influential indicators, targeted recommendations can be provided to help decision-
makers adjust enrollment plans to improve the advanced education rate; models based on
Bayesian networks can provide scientific support for educational decision-making, making
decisions more data-driven and reliable.

Although Bayesian networks have achieved important results in probabilistic mod-
eling, uncertainty modeling, multi-source information integration, and other aspects in
various fields, they still face some challenges such as the computational complexity of
complex models, efficiency of parameter learning and inference, scalability of structure
learning, integration of domain knowledge, etc. [20]. To improve model performance
and efficiency, researchers have been exploring new algorithms and methods, optimizing
algorithms for parameter learning and structure learning, and developing approximate
inference methods suitable for large-scale datasets.

3. Indicator Identification and Corresponding Datasets

In current practices, enrollment plans are often developed independently, to a certain
extent, by the admissions department. Hence, the lack of interoperability among multiple
information systems within university organizations makes it challenging to coordinate
effectively. The ultimate goal of this study is to explore the extent to which factors in
the enrollment, education, and employment stages influence the enrollment rate, thereby
improving the efficiency of sustainable enrollment plan configurations. To address the
information silos within universities, it is imperative to establish a comprehensive set of
indicators. Statistical analysis methods will be employed to identify correlations among
these indicators, thus establishing a set of effective and reasonable metrics. Subsequently,
integrating and storing data from various departments becomes necessary. Constructing a
sample dataset for enrollment is also imperative for incorporation into subsequent modeling
processes, thereby enhancing the reliability of the models and achieving coordinated
development in terms of scale and efficiency.

3.1. Construction of an Indicator System

Autonomously formulating enrollment plans is beneficial for the operation of each
university, but it also poses a challenge. A practically significant indicator consists of an
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indicator name and a numerical value. Regarding the principles for constructing these
indicators, Yang proposed five aspects: correlation, scientificity, directionality, guidance,
and information flow [21]. Alghamdi, on the other hand, divided the principles of indicators
into systematicness, representativeness, comparability, and operability [22].

Enrollment is the initial stage of talent cultivation in universities, with enrollment
quality being a fundamental factor influencing plan formulation. Due to the unique nature
of the Chinese college entrance examination system, the average admission score and
transfer rate are of primary concern. Cultivation constitutes a critical aspect of talent
development within universities. The provision of adequate teaching conditions is essential
for fostering talent and conducting scientific research. Additionally, the state of discipline
construction and the fulfillment of training plans profoundly impact talent development.
Employment represents the final phase of talent cultivation at universities and serves
as a crucial testing ground. Notably, the employment rate and advanced education are
equally significant components. Through comprehensive consideration and analysis, this
study examines the quality of enrollment, education, and employment, resulting in the
establishment of a system comprising 3 comprehensive indicators and 14 sub-indicators, as
presented in Table 1.

Table 1. Enrollment, education, and employment indicator system.

Indicators Sub-Indicators Code Description

Enrollment Quality

Average Admission Score Z1 Average admission scores for major.
Application Popularity Z2 Application popularity reflects the level of interest and demand.
First Application Rate Z3 Individuals apply for a specific major as a primary choice
Transfer Rate Z4 The ratio transferring to other majors.

Education Quality

Student/Teacher Ratio Z5 The student/faculty ratio.
National First-Class Majors Z6 Whether it is a national first-class major.
First-Time Graduation Rate Z7 The ratio of graduating on the first attempt to the total enrollments.
Course Pass Rate Z8 The pass rate in academic performance.
CET-4 Pass Rate Z9 The pass rate in the College English Test Band 4 exam. (CET-6 the same)
Academic Warning Rate Z10 The percentage of undergraduates who receive academic warnings.
CET-6 Pass Rate Z11 The pass rate in the CET 6 exam.
Competition Winning Rate Z12 The percentage of individuals receiving awards in competitions.

Employment Quality Advanced Education Rate Z13 The rate of students pursuing further education domestically and abroad.
Employment Rate Z14 The ratio of employed and further enrolled students to total graduates.

The 14 indicators summarized in this paper are comprehensive and detailed, providing
valuable insights for subsequent modeling. However, there may be information overlap
and irrelevant associations among the indicators, which could pose challenges to the
accuracy and reliability of the model. Therefore, it is necessary to conduct data cleaning
and preprocessing, followed by statistical analysis and testing of the sample data, to
eliminate irrelevant and disruptive indicators and establish a dataset.

3.2. Construction of the Dataset

After synthesizing the raw data of the 14 indicators provided by the enrollment,
education, and employment departments, we obtained sample values for 44 majors at our
university over the past decade. Before establishing the model, it is necessary to analyze
and clean the dataset to ensure the quality of the modeling dataset.

Cubic spline interpolation fits cubic polynomials between adjacent data points, ensur-
ing smoothness as the function passes through all points with continuous first and second
derivatives [23]. That is why we chose this method to fill in missing values in our dataset.
Next, considering that Z-scores are calculated based on the population mean and standard
deviation, they are more applicable for general outlier handling situations, especially when
dealing with non-large sample sizes. We used this method to detect outliers, transforming
any outliers using a logarithmic transformation to minimize their impact. Finally, we
normalized the data using MinMaxScaler after the transformation.
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A comparison of the sample data box plots before and after data preprocessing, as
depicted in Figure 1, illustrates that after data cleaning, the data distribution becomes
more compact and reasonable. This enhancement demonstrates the effectiveness and
comparability of our data preprocessing approach, which is essential for constructing the
Bayesian network model.

(a) (b)

Figure 1. Comparison box plot before and after data preprocessing.

To determine the relationships between different indicators, we can conduct correlation
analysis. Using a Pearson or Spearman correlation coefficient, we can evaluate the linear or
non-linear correlations between various indicators, which helps identify potential patterns
or trends. The correlation heatmap is shown in Figure 2.

Figure 2. Heatmap of correlations among 14 indicators.

By filtering through a significance level (p-value) less than 0.05, we found significant
correlations among Z1 and Z5, Z8, Z13, with a negative correlation with Z8; we also found
significant correlations among the following: Z4 and Z5, Z10; Z5 and Z8, Z10; Z6 and Z8, Z12,
Z7, Z13; Z13 and Z14; etc. Taking into account the correlations among the indicators, as well
as their correlations with Z13, we ultimately selected indicators with potential experimental
value to include in the modeling system. These selected indicators are as follows: Z1, Z4,
Z5, Z7, Z8, and Z14. This refined set of indicators will help establish a more effective and
targeted model. In summary, the six indicators selected through statistical analysis are
used as attribute variables, with the advanced education rate as the object variable and the
enrollment quota as the decision variable. The variables for further research are shown
in Table 2.

The decision variables typically represent factors that can be adjusted and controlled
within the model, influencing its output and playing a significant role in decision-making
and prediction. Here, decision variable D, representing enrollment quotas, determines if
adjustments are needed for specific majors. By controlling enrollment numbers it impacts
the study’s object variable, the advanced education rate, aiding in evaluating the effects of
various enrollment plans.
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Table 2. Variables included in the future model.

Variable Indicators Code

Attribute Variable

Average Admission Score X1
Transfer Rate X2
Student/Teacher Ratio X3
First Time Graduation Rate X4
Course Pass Rate X5
Employment Rate X6

Object Variable Advanced Education Rate O

Decision Variable Enrollment Quota D

We can categorize the decision variables of enrollment plan quotas into multiple
classes. The increase or decrease in enrollment quotas constitutes discrete variables, with
each major varying from a reduction of 17 in its quota to an increase of 30. To ensure
appropriate categorization—neither excessive nor insufficient—enabling each category
to contain a sufficient amount of sample data and avoiding the problem of imbalanced
data while ensuring that the decision variables better support sustainable enrollment plan
configurations, we divided them into six categories, using a quota of 10 as the boundary.
For example, majors with a reduction of up to 10 in their quotas compared to the previous
year were categorized as −1. The classification criteria and categories are presented in
Table 3, which effectively reflect different enrollment scenarios.

Table 3. Enrollment quota variation classification table.

Classification
Status

Degree Interval
Changes in Enrollment Quota

Compared to the Previous
Year

Frequency Percentage

−2 (−10, −20] Decrease by 11 to 20 12 0.02%
−1 (0, −10] Decrease by 1 to 10 147 0.27%
0 0 No Increase, No Decrease 122 0.23%
1 (0, 10] Increase by 1 to 10 184 0.34%
2 (10, 20] Increase by 11 to 20 49 0.09%
3 (20, 30] Increase by 21 to 30 24 0.05%

Currently, there is a problem of isolated information islands in domestic universities,
where internal information systems and application systems are not interconnected. This
situation leads to difficulties in accessing unified enrollment, education, and employment
data, as these datasets are non-public and specific to each university. Consequently, there is
no unified enrollment data platform accessible to the public. Therefore, this study collected
data from the enrollment, education, and employment departments of a specific university,
established a unified structured database, and built a data service system that integrates
hierarchical cooperation, horizontal integration, and logical unity. The detailed dataset
statistics from the database are presented in Table 4.

Table 4. Detailed dataset statistics.

Statistic Index X1 X2 X3 X4 X5 X6 O

count 538 538 538 538 538 538 538
mean 619.2476 0.12285 7.428285 0.969034 0.920058 0.919034 0.653845

std 0.12224 0.095298 0.17136 0.03571 0.02057 0.04562 0.089363
min 568.8829 0 1.269231 0.919995 0.829694 0.817204 0.426087
25% 596.8511 0 4.156353 0.959338 0.888967 0.897759 0.58722
50% 615.5006 0.014651 6.643368 0.969649 0.921862 0.91852 0.671508
75% 624.4629 0.224199 8.50762 0.980844 0.957335 0.945785 0.730256
max 636.69 0.609375 26.2439 0.99384 1 1 0.888889

For all variables in the dataset, their values are continuous. However, the later used
Bayesian network can only handle discrete variables. Therefore, we applied the K-means
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algorithm to partition the values of the variables into two or three ranges. For example,
the binary threshold for the object variable was set at 0.638 based on the calculation results.
The dataset after discretization is shown in Table 5.

Table 5. Discretization of variables in the dataset.

Variable Interval State Frequency Percentage

X1

≤609.246 1 49 9.11%
609.246 < X ≤ 621.251 2 232 43.12%

>621.251 3 257 47.77%

X2

≤0.087 1 342 63.57%
0.087 < X ≤ 0.296 2 74 13.75%

>0.296 3 122 22.68%

X3

≤6.026 1 232 43.12%
6.026 < X ≤ 14.27 2 257 47.77%

>14.27 3 49 9.11%

X4

≤0.961 1 159 29.55%
0.961 < X ≤ 0.977 2 208 38.66%

>0.977 3 171 31.78%

X5

≤0.898 1 183 34.01%
0.898 < X ≤ 0.947 2 208 38.66%

>0.947 3 147 27.32%

X6

≤0.902 1 147 27.32%
0.902 < X ≤ 0.943 2 171 31.78%

>0.943 3 220 40.89%

O
≤0.638 1 220 40.89%
>0.638 2 318 59.11%

4. Methods

4.1. The Technical Roadmap of This Study

The specific research approach of this paper is illustrated in Figure 3.

Figure 3. Technical roadmap of this study.
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4.2. Statistical Analysis

Statistical analysis is a process of interpreting, summarizing, and inferring data using
mathematical and statistical methods, which includes collecting, organizing, and describing
data and then using statistical models and inference methods to gain insights into the
underlying patterns of the data. Among these methods, Pearson correlation analysis
is a statistical method used to measure the linear relationship between two continuous
variables, and its formula is as follows [24]:

r =
∑n

i=1
(
Xi − X

)(
Yi − Y

)
√

∑n
i=1

(
Xi − X

)2(Yi − Y
)2

(1)

where Xi and Yi are the ith observed values of variables X and Y, respectively, X and Y are
their means, and n is the number of observations. The correlation coefficient r gauges the
strength of the linear relationship between two variables. Values closer to 1 or −1 indicate
a stronger linear relationship, while those nearer to 0 suggest a weaker one.

4.3. Bayesian Network

The network topology of a Bayesian network is a directed acyclic graph, where nodes
represent random variables and arrows indicate relationships. If two nodes are connected,
it signifies a causal relationship between them. If one node influences the outcome of
another, then a conditional probability value is established. For instance, if node A directly
influences the outcome of node B, the directed arc (A, B) is established with an arrow from
A to B. The strength of the connection between two nodes is represented by the conditional
probability P(A|B). Thus, Bayesian networks classify data samples from a probabilistic
perspective, making them an important machine learning method in the field of artificial
intelligence. The construction of a network model mainly involves four steps: selecting
nodes and variables, determining the network topology, specifying node state probabilities,
and determining conditional probability tables between nodes.

The naïve Bayes (NB) classifier is a popular algorithm in Bayesian networks, often used
in document classification and spam filtering. It assumes independence among modeling
random variables, with each variable related only to one parent node, typically the target
prediction variable. The tree-augmented naïve Bayes (TAN) classifier enhances this method
by introducing a tree structure to capture dependencies among features, thus relaxing
the assumption of attribute independence. Therefore, when dealing with classification
problems, especially in cases where correlations exist among features, the TAN classifier
method can provide more accurate probability estimates [25,26]. One should suppose that
A1, A2 . . . An represent n attribute variables, and C represents the target variable. Examples
of NB and TAN are illustrated separately in Figure 4.

Figure 4. NB and TAN classifiers.

The TAN algorithm effectively balances the complexity and learnability of the model,
demonstrating, to some extent, the relationships between nodes. This partially compen-
sates for the limitations of the NB network and aids in the analysis of the relationships
among enrollment, education, and employment indicators [27]. The algorithm’s description
process is outlined in Algorithm 1.
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Algorithm 1. The Modeling Process of TAN (TAN Algorithm)

1. Input dataset: obtain the training instance set D.
2. Compute conditional mutual information: IPD

(
Ai ; Aj

∣∣C)
where i �= j.

3. Build complete undirected graph : where A1, A2, . . . , An are attributes associated with respective
nodes. Annotate the edge connecting Ai and Aj with the weight of the conditional mutual information:
IPD

(
Ai , Aj

∣∣D)
.

4. Build a complete undirected maximum-weight spanning tree.
5. Select root attribute and directionalize the tree: set the direction outward.
6. Add class node: add a node labeled as C and introduce an arc from C to Ai .
7. Build TAN model: the resulting directed tree is the TAN model.

4.4. Evaluation Methods

The confusion matrix, also known as the classification matrix, is a fundamental method
used to evaluate the credibility of prediction models. The possible results generated by
the classifier include true positives (TP), false positives (FP), false negatives (FN), and
true negatives (TN). TP and TN describe the number of correctly classified instances,
FP describes the number of negative samples incorrectly classified as positive, and FN
describes the number of positive samples incorrectly classified as negative. The diagonal
elements of the confusion matrix represent the samples correctly classified by the machine
learning classifier. The accuracy of the model (Acc) represents the proportion of such
samples in the total samples, calculated as follows [28]:

Acc =
TP + TN

TP + TN + FP + FN
(2)

Recall (R), also known as sensitivity, represents the proportion of correctly predicted
positive samples among all actual positive samples, as follows [28]:

R =
TP

TP + FN
(3)

Precision (P) represents the proportion of actually positive samples among all samples
predicted as positive. Its calculation formula is as follows [28]:

P =
TP

TP + FP
(4)

Two models with low precision and high recall are difficult to compare, and vice
versa. To make them comparable, we use the F1 score (F1), which ranges between 0 and 1.
This metric helps measure both recall and precision simultaneously and represents their
harmonic mean, as follows [28]:

F1 =
2 ∗ R ∗ P

R + P
(5)

For a machine learning model, it is typically desired to maximize its true positive rate
and minimize its false positive rate. However, in real prediction scenarios, both of them
usually increase synchronously with the number of positive samples predicted. Therefore,
the area under curve (AUC) value, which calculates the area under the receiver operating
characteristic curve (ROC), is used to evaluate the performance of the model.

4.5. Importance Measures

The importance theory is a branch of reliability mathematics that integrates various
cutting-edge and hot research areas such as hazard, sensitivity, risk, and importance. It
quantitatively expresses the criticality of each component in a system, clearly indicating
the differences in criticality and importance among the components within the system.

There are three commonly used methods, including probability importance, structural
importance, and key importance. Probability importance, also known as Birnbaum impor-
tance, is based on traditional sensitivity analysis methods. It is obtained from the partial
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derivative of system reliability with respect to the reliability of individual components,
Pi(t), and its formula is typically represented as the following [29]:

IB(i|t) = ∂h(t)
∂pi(t)

, i = 1, 2, . . . , n (6)

For commonly studied binary systems, importance can be described as the change in
the probability of system functioning caused by the change in the state of components. The
specific calculation formula is as follows [29]:

I(BM)S
Ci

= P(S = 1|Ci = 1)− P(S = 1|Ci = 0) (7)

where S = 1 represents the system being in a functional state, C i = 1 denotes the
component being in a working state, and C i = 0 indicates the component being in
a failed state. When machine learning algorithms make predictions, they consider the
comprehensive states of various indicators, necessitating prioritization among them [30].
This helps identify key predictive indicators, enhancing the credibility and performance of
predictive models based on the conclusions and data results.

5. Experimental Results

The undergraduate enrollment rate, which refers to the data of students pursuing
further education either domestically or abroad after completing their undergraduate
studies, is not only consistent with the top-tier innovative talent training positioning of
various universities but also serves as an important indicator for evaluating the outcomes
of higher education. Therefore, in the modeling process using the aforementioned 538 cases
of discretized data, we selected X1, X2, X3, X4, X5, and X6 as 6 node variables, the
advanced education rate (denoted as variable O) as the object variable, and the enrollment
quota (denoted as variable D) as the decision variable.

5.1. Naïve Bayes Network Model

Based on the theory of NB networks, we set O as the sole parent node in the model,
from which seven unidirectional edges were equally drawn, each pointing towards six
attribute variables and one decision variable. We partitioned the sample data into training
and test sets randomly to facilitate model training and evaluation. The training set com-
prised 430 records, while the test set consisted of 108 records, adhering to an 8:2 ratio for
the separation of the training and testing sets.

The probabilistic graphical model is depicted in Figure 5. Since it is assumed that
the attribute variables are independent of each other, the probability of the predicted
outcome depends only on the states of each child node. As the probability distributions
of the predictive indicators in the child nodes change, the probability of an increase in the
advanced education rate in the target parent node also changes accordingly.

Figure 5. Enrollment plan configuration naïve Bayes model.

Specifically, we employed BayesiaLab software (Version 5.0.1) to apply the NB al-
gorithm for modeling purposes. The relationships between each attribute variable and
the target variable were derived from prior knowledge and data analysis. Consequently,
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we learned the conditional distributions of the edges from the dataset using the software
automatically, as illustrated in Figure 6. These distributions pertain to attribute variables,
object variables, and decision variables.

Figure 6. NB classifier conditional distributions.

After establishing the NB enrollment plan evaluation model, it is crucial to conduct an
initial evaluation of the model’s performance based on a test dataset to verify its effectiveness.
First, we present the confusion matrix of the model. When the decision threshold of the model
was set to 0.638, the overall Acc was calculated to be 86.54%, as detailed in Table 6.

Table 6. Naïve Bayes model confusion matrix.

Value 1 (167) 2 (371)

1 (220) 157 63
2 (318) 10 308

Next, we plotted the ROC curve of the model, as shown in Figure 7, and calculated the
AUC value, as well as the overall Acc. Finally, we obtained an area under the ROC curve
of 94.63%.

Figure 7. Naïve Bayes classifier ROC curve.

5.2. Tree-Augmented Bayes Network Model

During the modeling process based on the NB classifier, the correlation between
various indicators was not considered. However, in actual enrollment planning, many
indicators are often not independent, so the correlation between indicators cannot be
ignored. The remaining six indicators were used as node variables for modeling, taking
into account the mutual information between each node. Subsequently, a prediction model
based on the TAN classifier was generated, as shown in Figure 8.

The TAN network still had only one parent node. However, in addition to the single-
directional edges extending to six attribute variables and one decision variable, there were
certain correlations between some variables. From the graph, it can be observed that
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there is a significant correlation between X1 and X2. This indicates a strong correlation
between the two, suggesting that majors with higher average admission scores tend to
have lower transfer rates. This is because the arcs generated between nodes using the TAN
method cannot only be supported by existing common-sense theories but also uncover
some potential dependency relationships between various indicators.

Figure 8. Enrollment plan configuration of TAN model.

The conditional distributions of the edges in the TAN algorithm provided are shown
in Figure 9, following the same modeling process as that described in Section 5.1.

Figure 9. TAN classifier conditional distributions.

After establishing the TAN enrollment plan evaluation model, we conducted the
evaluation. Firstly, we presented the confusion matrix, still setting the decision threshold to
0.638. At this point, the overall Acc was calculated to be 89.42%, as shown in Table 7.

Table 7. TAN model confusion matrix.

Value 1 (205) 2 (333)

1 (220) 184 36
2 (318) 21 297

The plotting of the ROC curve, as shown in Figure 10, ultimately yielded an area under
the ROC curve of 96.49%, demonstrating better reliability than the NB method.

Figure 10. TAN classifier ROC curve.
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5.3. Comparison of Classification Model Performance

To validate the effectiveness of Bayesian networks for evaluating sustainable enroll-
ment plans, we conducted modeling experiments using three machine learning methods:
linear discriminant analysis (LDA), logistic regression (LR), and support vector machine
(SVM). We then performed comparative experiments and evaluated the models using the
P, Acc, R, F1, and AUC. The data types, training sets, and test sets used for modeling were
consistent with the Bayesian network modeling process described earlier. The evalua-
tion results of different classifiers, after experiments based on the test set and five-fold
cross-validation, are shown in Table 8.

Table 8. Evaluation results of predictions made by different machine learning algorithms.

Model P Acc R F1 AUC

NB 0.8750 0.8654 0.8585 0.8632 0.9463
TAN 0.8750 0.8942 0.9100 0.9001 0.9649
LDA 0.8713 0.8606 0.8462 0.8514 0.9503
LR 0.8738 0.8702 0.8654 0.8672 0.9476

SVM 0.8667 0.8702 0.8750 0.8732 0.9485

For ease of comparison and analysis, we visualized the information from the table, as
shown in Figure 11.

Figure 11. Comparative analysis of predictive performance among various methods.

Combining the model evaluation table and the performance comparison chart, we can
observe that there was no significant difference between the precision of several models.
However, the recall rate of the TAN algorithm is much higher than that of the other three
algorithms, reaching 0.91. Since the F1 is closely related to P and R, the F1 is also highest
for the TAN algorithm, followed by that of the SVM, LR, and NB algorithms. In terms
of Acc and AUC value, the TAN algorithm still performs the best. Taking into account
all indicators, the TAN algorithm performs the best in P, Acc, R, F1, and AUC value. The
NB, LR, and SVM algorithms have relatively mediocre performance, while LDA performs
poorly and is not suitable for this type of data research. Therefore, compared with three
machine learning algorithms, namely, LDA, LR, and SVM, the TAN classifier demonstrates
certain advantages in prediction, as confirmed by the comprehensive consideration of
various performance indicators from different perspectives.

5.4. Calculation of Influence Factor’s Importance

Based on the evaluation model, it is possible to lock the initial state by considering
different combinations of states of included indicators and then changing another state
to observe the probability distribution of the advanced education rate. To quantitatively
analyze the importance of each influencing factor, the Bayesian predictive model can be
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combined with importance theory. By altering the type of state for a specific predictive
indicator, the difference in prediction rate can be obtained. Additionally, in many cases,
a feature’s state is not binary but may be divided into low, medium, and high categories.
Based on the composite importance measures method for polymorphic systems, the Birn-
baum importance of each predictive indicator can be defined as follows [31]:

I(BM)S
Ci

=
1

wi − 1

wi

∑
j=1

|P(S = 1|Ci = j)− P(S = 1)| (8)

where S represents the prediction result of X1, and the remaining indicators are denoted
by C. Each variable has a state w, where P(S = 1) represents the prior probability, and
P(S = 1|Ci = j) represents the posterior probability. Based on this method, the importance
of each influencing factor is shown in Table 9.

Table 9. Birnbaum importance ranking of classification model.

Prognostic Factors State Priori Probability
Posterior

Probability
MBM Rank

X1

0 0.1136 0 1.26785
11 0.4091 0.6111

2 0.4773 0.7143

X2

0 0.6364 0.5357 0.6627
21 0.1364 1

2 0.2273 1

X3

0 0.4318 0.5789 0.84895
31 0.4773 0.619

2 0.0909 0.5

X4

0 0.3182 0.7857 0.879
61 0.4091 0.5556

2 0.2727 0.4167

X5

0 0.2727 0.75 0.9028
51 0.4091 0.5556

2 0.3182 0.5

X6

0 0.3409 0.4 0.91075
41 0.3864 0.5882

2 0.2727 0.8333

Through experimentation, we found that the importance of the six scale features—
average admission score, transfer rate, student/teacher ratio, employment rate, course
pass rate, and first-time graduation rate—decreases sequentially and that all scales are at
relatively high levels. It can be inferred that the first three indicators play important roles
in the sustainable improvement of the advanced education rate. The reasons behind this
are that higher average admission scores, lower transfer rates, and lower student/teacher
ratios in various majors represent a higher quality of student intake and education, lead-
ing to more apparent educational outcomes and higher chances of successful advanced
education. This experimental result is reasonable; there is a strong positive correlation
between average admission scores and advanced education rates, while transfer rates and
student/teacher ratios are negatively correlated. Therefore, the strategy we propose is to
increase the weights of strongly correlated indicators and increase enrollment quotas for
majors with high average admission scores, low transfer rates, and low student/teacher
ratios. This experimental result underscores the significance of strategic interventions
aimed at enhancing the quality of enrollment and education, thereby fostering improved
outcomes in advanced education rates.

6. Discussion

Establishing a sustainable enrollment plan evaluation model can comprehensively
account for the importance of each stage in enrollment, education, and employment;
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streamline the linkage effects between each stage; help schools improve current plans; and
complete subsequent plan formulations. Although research on the feedback mechanism has
received widespread attention, some issues persist. Previous researchers have attempted
Bayesian classification algorithms and integrated them into decision tree models [32],
but they did not realize that the unique node relationships of Bayesian networks could
demonstrate the states of indicator combinations.

Therefore, we established a Bayesian network structure with the advanced education
rate as the object variable and enrollment quotas as the decision variable. By statistically
analyzing the states under different indicator combinations, this structure explores the
impact of changes in enrollment plans, identifies key influencing features, and identifies
the optimal combination strategy conducive to improving the advanced education rate.
The Bayesian network model validation confirms that the significance of the six scale
features—average admission score, transfer rate, student/teacher ratio, employment rate,
course pass rate, and first-time graduation rate—decreases sequentially. The modeling
process reflects, to some extent, the real educational environment.

This study primarily focuses on Chinese universities, where the enrollment system,
educational structure, and employment market differ from those in other countries. Due to
the confidential nature of enrollment data in major Chinese universities, comprehensive
data collection for research purposes is challenging. Therefore, we selected the author’s
affiliated university as the sample. Although the Bayesian network model performed well
on this dataset, future efforts should aim to expand data sources. Furthermore, the model
itself has limitations such as assuming conditional independence between specific variables,
which may not hold true in practice.

However, this does not imply that our model has a regional limitation. Establishing a
Bayesian network predictive analysis model allows for a quantitative analysis of factors,
facilitating the optimization of current enrollment plans and the formulation of guidance for
future plans. Each university can clarify the indicators affecting enrollment plan formula-
tion by considering its national, social, and regional context, as well as its own development
status. Then, based on our scheme, key indicators can be selected to establish Bayesian
network models, optimize parameters, and propose the optimal combination strategy of
indicators aimed at improving the advanced education rate. The broad applicability of
the model developed in this study enables its use as a reference for enrollment planning
in other universities. Additionally, adjusting parameters based on practical feedback and
iteratively optimizing the model further enhances its utility.

7. Conclusions

To analyze the linkage mechanisms and explore how to evaluate sustainable en-
rollment plan configurations, this study utilized real enrollment data from majors at a
university over recent years. Firstly, the challenge of collecting, integrating, and analyzing
data from multiple departments, coupled with the absence of a comprehensive indicator
system, presents difficulties when handling high-dimensional data or extracting key in-
formation. This study addressed this challenge by identifying key variables across three
stages and conducting correlation analysis. Seven effective indicators—the student/teacher
ratio, transfer rate, average admission score, employment rate, first-time graduation rate,
course pass rate, and advanced education rate—were selected.

Secondly, faced with the challenge of evaluating the configuration of enrollment plans
based on student and education quality, this study selected the Bayesian network model.
The advanced education rate was used as the object variable, and the enrollment quotas
were used as the decision variable. This study then explored the mapping relationship
from enrollment, education, and employment big data to enrollment plan configuration,
evaluating model accuracy through confusion matrix and ROC curve analysis. Comparative
experiments were conducted with NB, LDA, LR, and SVM machine learning models, with
the TAN model achieving the highest accuracy at 96.49%.
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Finally, using the Birnbaum importance analysis method to prioritize the remaining
variables, this study explored the impact of changes in enrollment plans, under different
indicator combinations, on advanced education rates. The results showed that the average
admission score, transfer rate, and student/teacher ratio have extremely significant effects
on improving the advanced education rate. In the future, the model can be extended to
universities outside of China. Efforts will be made to enhance data collection and analysis
mechanisms, refine key indicators for a more accurate evaluation of enrollment plans, fur-
ther optimize the Bayesian network model, explore more effective parameter optimization
methods, and conduct additional empirical research to accumulate practical experience.
Strengthening collaborations with international institutions will also be pursued to provide
targeted policy recommendations for optimizing enrollment policies, thereby promoting
the sustainable development of the higher education system.
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Abstract: Blended teaching, characterized as a combination of online instruction and face-to-face
teaching is effective in maintaining high student retention, promoting learners’ motivation and saving
costs in EFL teaching. However, as low learning efficiency can lead to a reduced performance related
to students’ blended learning, it is necessary to study the effectiveness of blended teaching. This
study aims to examine the effects of the “SPOC and Flipped classroom”-based blended teaching
strategy on first-year English-major students’ achievements in five English language skills compared
with those of the traditional face-to-face classroom teaching strategy. For this research, a quasi-
experiment was conducted for one semester, employing an “SPOC and Flipped classroom”-based
blended teaching strategy in two undergraduate classes for first-year English-major students. A
total of 64 students majoring in English at a Chinese university in Shandong province participated
in the quasi-experiment and were divided into the control class (N = 32, (intact group), with 6 men
and 26 women) and the experimental class (N = 32, (intact group), with 4 men and 28 women).
Intervention was performed in the experimental class, while a typical face-to-face classroom teaching
strategy was employed in the control class. Findings of students’ overall achievements showed
that the blended teaching strategy based on the SPOC and flipped-classroom approach was more
effective in improving students’ achievements than face-to-face classroom teaching. Findings of
students’ achievements in each of the five English language skills showed that the “SPOC and
Flipped”-based blended teaching strategy was effective in enhancing students’ listening, reading,
translating, and writing, but was not effective in speaking. Furthermore, students’ genders and
regional backgrounds were considered as moderating variables of students’ achievements, and
findings indicated that gender had no significantly positive effect on students’ achievements in
the blended teaching intervention. However, a significant difference in achievements between the
students from urban and rural areas was observed, which indicated that regional background had
significantly positive effect on students’ achievements in blended teaching. The findings of the
research implied that the implementation of well-designed blended learning that uses effective
strategies could significantly improve students’ achievements in English language skills, but that
there would be different results among students of different skill levels and regional backgrounds.
Moreover, as the quality of EFL blended teaching improves, students’ academic performance will
be enhanced.

Keywords: blended teaching strategy; SPOC; flipped classroom; English major; achievements

1. Introduction

The term “blended learning” originated in the business world in connection with
corporate training [1]. It was later employed in higher education [2] and then in language
teaching and learning. Blended teaching has been distinguished from other expressions.
Regarding the application of the term to computer/web technology and face-to-face class-
room teaching, it is sometimes referred to as “hybrid” or “mixed” [3]. The expression
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“hybrid teaching”, however, refers to “an approach to teaching that not only integrates
technology in the teaching process but also combines students who are inside a physical
classroom and students from online” [4] (p. 2), which means that not all students are
involve in synchronous online and offline learning; instead, optimal methods are taken
from both models. This kind of hybrid learning is not the teaching model referred to in this
research. “Blended teaching”, as addressed in this research, refers to the combination of
both online and face-to-face classroom teaching methods, by which all students participate
in both learning environments and activities [5]. Face-to-face classroom teaching refers to
the traditional teaching model, in which teacher and students carry out the teaching and
learning activities synchronously within the same time and space.

Bilgin (2013) points out that “teaching English blending face-to-face teaching with an
online LMS (Learning Management System) can be beneficial over solely in-class teaching”.
Effective learning assessments are crucial to the success of blended learning approaches [6].
Bonk et al. (2005) also suggested that further research and innovation in the blended
learning arena would help determine the key contributions, benefits, and impact areas;
therefore, it was quite necessary to evaluate whether blended teaching was effective in
EFL instruction and should be developed in its future [7]. Blended teaching provides
benefits to both teachers and students by facilitating communication and collaboration
among students and teachers through social networking, increasing ease of use of course
materials [8], decreasing physical class time, creating a student-based learning environment,
producing an encouraging learning environment, providing flexible learning times and
locations, promoting independent learning skills, and developing individualized course
solutions [9].

Although blended teaching could be more advantageous in compensating for the
shortages of both traditional face-to-face teaching and purely online teaching, and provide
more time, space, and interaction opportunities for teachers and students, the results of
some studies show that blended model was merely more effective in student retention, but
no significant difference in students’ achievements was found [10]. The results implied
that blended teaching was not necessarily better than traditional face-to-face teaching in
guaranteeing the effectiveness of EFL instruction. Furthermore, the results of a study on
blended teaching among college English students [11] showed that the effects of blended
teaching for freshmen still required a period of time to be obvious. According to some
studies [12], the specific nature of learning faced by English-major students means that
first-year English-major students face more difficulties in adapting to blended learning. The
practice of blindly promoting blended teaching while ignoring the differences in regional,
cultural, and verbal factors among English-major students even could cause “Learned
Helplessness under Blended Teaching” [13], which refers to the sense of helplessness expe-
rienced by first-year English-major students under the blended teaching model. “Learned
Helplessness under Blended Teaching” involves inner barriers, psychological fear, and
other states, as well as lack of motivation, fuzzy orientation, and a low sense of identity,
which could influence the inability of students to adapt to blended teaching [13].

Achievement is an important indicator to examine blended teaching effectiveness. In
an educational process, students are considered to be successful if they can complete the
education program on time with good learning outcomes. That is achievements are the
realization of potential skills or capacity that students have. Learning achievements could
be seen from students’ mastery of the subjects they have taken. Studies on blended foreign
language teaching have shown that blended teaching was effective in improving learners’
foreign language skills [14]. Other findings also revealed that the impact of blended
teaching on learners’ effectiveness was positively predicted by achievement, engagement,
involvement, retention, and cognitive outcome [15]. Lin and Gong found in their study
that there was a significantly relationship between the initiative of university students to
participate in blended teaching courses and students’ expectation on their achievements in
the course [16].
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Additionally, some studies were carried out to evaluate the effects of gender on
students’ achievements in EFL blended teaching. Some researchers found that there was
no significant difference in the achievements between male and female learners in blended
teaching [17], some other researchers found that female students obtained significantly
higher achievements than male students in EFL blended teaching environment [18]. The
results need to be verified by data from the study on EFL blended teaching due to the
findings of different blended teaching effectiveness among different disciplines.

Furthermore, according to the research findings of teaching conditions gap between
urban and rural areas in China, the overall level of English teaching in rural areas is still
relatively lower than that of the urban areas, and the gap is widening [19]. Students from
rural areas have different starting points than their urban-based counterparts in English
learning. This EFL educational gap between students from urban and rural areas will
eventually affect students’ further study and their development [20]. Other researchers
found that there is a significant difference between college students from rural areas and
college students from urban areas in their concept of mother tongue, and college students
from rural areas have significantly higher level of concept of mother tongue than that
among college students from urban areas [21]. Therefore, it is assumed that students from
urban and rural areas would perform differently in EFL blended learning.

In order to solve the problems existing in the current EFL blended teaching in China,
the research is conducted to examine the effects of an “SPOC and Flipped classroom”-based
blended teaching strategy on the first-year English-major students’ achievements in English
language skills. “SPOC” was an abbreviation of “Small Private Online Course”, which
was originally proposed by Armando Fox in 2013 as a typical online teaching and learning
paradigm in the “post-MOOC” era. In the expression, “Small” refers to the number of
students generally ranging from dozens to hundreds. “Private”, compared with “Open” in
MOOC, means that only identified learners on campus have access to these resources and
there exists a good level of course privacy [22]. SPOC places more emphasis on students
having a complete and in-depth learning experience, which is conducive to improving
the course completion rate. Teachers could set up and automatically regulate the teach-
ing pace and course scoring management system of each course according to students’
personal interests and preferences and actual needs. Flipped classroom teaching is a new
teaching technology and method based on good network communication conditions in the
20th century. Originally, Lage et al. (2000) put forward the “Inverted Classroom” concept
and defined it as “what traditionally happened inside the Classroom now happens outside
the Classroom, and vice versa” [23] (p. 32). The concept involves students in more class-
room activities, thus subverting the traditional classroom teaching schedule. The “Flipped
Classroom” introduced by Baker (2016) emphasizes “understanding and application rather
than recall; At the same time not sacrificing the presentation of factual knowledge; Students’
having more control over their learning; Making students more responsible for their own
learning; Providing more peer learning opportunities for students” [24] (p.9). Bishop and
Verleger (2013) proposed the definition framework of flipped classroom and considered
that flipped classroom consists of two parts, namely, interactive classroom activities guided
by student-centered learning theory and the explicit instruction method guided by teacher-
oriented learning theory [25]. This definition emphasizes the type of learning on which
pre-class and in-class sessions are based and excludes classes that do not use video as
learning material for extracurricular activities. Abeysekera and Dawson (2015) provided a
general theoretical model for flipped classroom based on motivation theory and cognitive
load theory. They believed that in flipped classroom, the feeling of competence, relevance,
autonomy could improve learners’ external and internal motivation, while customized
expertise and self-paced learning can better manage learners’ cognitive load [26].

1.1. Research Objectives and Research Questions

In the study, the “SPOC and Flipped-classroom”-based blended teaching strategy
is implemented in the EFL blended teaching among first-year English-major students,
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and the effects of the blended teaching strategy on the first-year English-major students’
achievements in blended teaching and learning environment are examined. The following
research objectives were put forward: 1. To examine the first-year English-major students’
achievements in the English language skills of speaking, reading, listening, translating,
and writing using an “SPOC and Flipped classroom”-based blended teaching strategy.
2. To examine the first-year English-major students’ achievements among male and female
first-year English-major students using an “SPOC and Flipped classroom”-based blended
teaching strategy. 3. To examine the first-year English-major students’ achievements
among first-year English-major students from urban and rural areas using an “SPOC and
Flipped-classroom”-based blended teaching strategy.

According to the research objectives, the following three research questions (RQ) are
put forward. 1: What are the first-year English-major students’ achievements in English
language skills using an “SPOC and Flipped classroom”-based blended teaching strategy?
2: What are students’ achievements in English language skills among male and female
first-year English-major students using an “SPOC and Flipped classroom”-based blended
teaching strategy? 3: What are the first-year English-major students’ achievements in
English language skills among first-year English-major students from urban and rural areas
using an “SPOC and Flipped classroom”-based blended teaching strategy?

1.2. Hypotheses of the Research

According to the research questions and the research objectives, the research hypothe-
ses are as follows:

H1. The “SPOC and Flipped classroom”-based blended teaching strategy has a significantly
positive effect on the first-year English-major students’ achievements compared with the traditional
face-to-face classroom teaching strategy.

H2. The “SPOC and Flipped classroom”-based blended teaching strategy has a significantly
positive effect on the first-year English-major students’ achievements in listening compared with the
traditional face-to-face classroom teaching strategy.

H3. The “SPOC and Flipped classroom”-based blended teaching strategy has a significantly
positive effect on the first-year English-major students’ achievements in reading compared with the
traditional face-to-face classroom teaching strategy.

H4. The “SPOC and Flipped classroom”-based blended teaching strategy has a significantly positive
effect on the first-year English-major students’ achievements in translating compared with the
traditional face-to-face classroom teaching strategy.

H5. The “SPOC and Flipped classroom”-based blended teaching strategy has a significantly
positive effect on the first-year English-major students’ achievements in writing compared with the
traditional face-to-face classroom teaching strategy.

H6. The “SPOC and Flipped classroom”-based blended teaching strategy has a significantly
positive effect on the first-year English-major students’ achievements in speaking compared with the
traditional face-to-face classroom teaching strategy.

H7. Male students have significantly higher achievements than those of female students using the
“SPOC and Flipped classroom”-based blended teaching strategy.

H8. Students from urban areas have significantly higher achievements than those of students from
rural areas using the “SPOC and Flipped classroom”-based blended teaching strategy.
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2. Materials and Methods

According to the research objectives, the quasi-experiment was conducted in the
current research based on the philosophy of the quantitative methodology (See Figure 1).

Figure 1. Research design.

2.1. Research Design of the Quasi-Experiment

A quasi-experiment was adopted in this research to examine the effects of “SPOC
and Flipped classroom”-based blended teaching strategy to the first-year English-major
students’ achievements in five language skills, which consisted of a one-way two-group
design comparing students’ achievements between experimental and control classes. The
rationale for using quasi-experiment in this study is that the essence of experimental design
refers to the researcher’s deliberate manipulation of or changes to the study situation
of at least one independent variable in order to observe the effect of this on at least one
response variable [27]. According to the research design of the quasi-experiment shown in
Figure 1, the whole procedures of the quasi-experiment were composed of the following
three sessions:

(1) The grouping of samples for the quasi-experiment: In order not to affect the normal
teaching order, Class A (32 students) and Class B (32 students) of the first-year English-
major students, who participate in the course of Integrated English (1) undertaken
by the researcher in 2022, in the School of Foreign Languages of the university, are
selected, respectively, as the control group and the experimental group. Class A
(control group) and Class B (experimental group) have the same teaching content,
teachers, and teaching hours (200 min/week).

(2) The conduction of the quasi-experiment (in the dotted box): The quasi-experimental
research is conducted by implementing an intervention of “SPOC and Flipped
classroom”-based blended teaching strategy in Class B (experimental group), while
in Class A (control group), the traditional face-to-face teaching strategy was con-
tinuously applied. Initially, both in the experimental class and the control class,
the researcher clarifies the teaching and learning goals of the course and those of
each unit to students before starting the instruction. The purpose of this section
is to let the students know clearly what they are going to do in learning each ses-
sion. The goals of the course include knowledge aims, ability aims, and quality
aims, among which the knowledge aims and ability aims of improving students’
English language proficiency in five basic skills were the main objects of the re-
search. Then, detailed explanation is given to students in line with the purpose,
function, and significance of the experimental research, so as to enable students to
be aware of blended teaching and make preparation for the smooth implementation
of the quasi-experiment.

Before the quasi-experiment, a pre-test was conducted to obtain a general idea of
the students’ English knowledge and ability background in Class A (control group) and
Class B (experimental group). The students’ total achievements including the five English
language skills are tested by questions in the pre-test paper, and the normal distribution
of the data is tested by the descriptive analysis tool of SPSS and the results are reported,
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including minimum, maximum, mean, standard deviation, skewness, and kurtosis for
illustrate the relevant information of the samples in the quasi-experiment to ensure the
normality of the data and the reliability and validity of the inferential analysis results. Then,
an independent sample t-test is conducted on the pre-test performance data to ensure that
there is no significant difference between the initial level of students in the control group
and the experimental group.

Next, the intervening teaching using the blended teaching strategy is conducted in the
experimental class in the following stages. Firstly, “SPOC and Flipped classroom”-based
blended teaching strategy is applied in the blended instruction to rearrange the teaching
procedures for effective integration of online and face-to-face teaching and learning. The
blended teaching and learning technologies provided by the “SPOC and Flipped classroom”
approach are made full use of as the online and offline instruction are carried out. The
teaching and learning session for each class include two instances (four periods) a week,
amounting to 200 min in total. Then, the researcher provided the participants in the
experimental class with an overview of the intervention in the course, including the teaching
purpose, its procedures, and the general activities dealing with the course learning. A brief
introduction of the term and model of “blended teaching”, as well as the online learning
platform including the features, functions, and usage, are provided for the learners in order
to prepare them to successfully perform the activities that would be covered within the
intervention sessions. The purpose of the introduction is to help the learners easily obtain
access to the blended learning context by assuring them that the online platform is designed
to be a user-friendly interface. Some concepts such as “SPOC” and “Flipped classroom”
are introduced to the learners for their successful autonomous blended learning. Finally,
the two different teaching and learning procedures based on the traditional face-to-face
classroom teaching strategy and “SPOC and Flipped classroom” blended teaching strategy
are carried out, respectively, in the control class and the experimental class.

After the intervention in the quasi-experiment, the post-test is carried out in the control
class and experimental class. Participants’ achievements in post-test are compared with
those in pre-test to determine their respective differences.

(3) Statistical analysis on the data of tests in the quasi-experiment: Since the samples
selected in this study are small and the scores are characterized by continuity, the
statistical approaches could be used by a data analysis tool, Statistical Product and
Service Solutions (SPSS) 26.0, to analyze the data and find out whether there were
significant differences in students’ English language achievements before and after
the tests between the control class and the experimental class.

At the very beginning, the data are tested for homogeneity of variance to find out
whether the variance difference between the two samples do not exceed the range specified
by statistics between the two samples. If the variance of the two samples is not uniform,
then the correction formula of mean comparison is used for processing [28].

Then, the normality of the data is also tested by the statistical method of frequency.
According to literature, if the |skewness| > 2 or |kurtosis| > 7, then the data does not
form a normal distribution [29,30].

Finally, t-tests are used on the data analysis for obtaining results to verify the research
hypotheses and to answer the research questions. Before and after the intervention, inde-
pendent sample t-tests are performed respectively on the scores of pre-test between control
and experimental classes, as well as on those of post-test between the two classes to find out
whether there are significant differences in students’ achievements between the two classes.
A paired-sample t-test is also adopted to test whether there are significant differences in
students’ achievements before and after the intervention, respectively, in the control class
and the experimental class.
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2.2. Blended Teaching Design Based on “SPOC and Flipped Classroom”-Blended Teaching Strategy

In the current research, the blended teaching procedures for the Integrated English (I)
course is redesigned by implementing the “SPOC and Flipped-classroom”-based blended
teaching strategy for deeply integrating the online and face-to-face instruction inside and
outside of the classroom. The strategy is used to offer guidance, assistance, and resources
both online and offline in blended teaching practice to the teacher and students through
the techniques of SPOC and flipped classroom. The “SPOC and Flipped-classroom”-
based blended teaching strategy is conducted during the teaching design in the following
two aspects: To combine online and offline instruction by integrating SPOC with face-
to-face classroom teaching in the flipped classroom teaching process for constructing a
full time, all-round, fully guided, closed-loop learning environment for students. SPOC
could enable teachers to provide abundant and appropriate learning materials, giving
guidance, initiating interactions, and making evaluations of students with targeted online
techniques. Flipped classroom could make up for the shortage of time and space in
traditional classroom teaching, and at the same time can promote students’ independent
learning. On the other hand, this is to carry out instructional activities (both of teacher and
students) with the scaffolding of “SPOC and Flipped classroom” techniques in the blended
teaching procedures. The blended teaching design based on “SPOC and Flipped-classroom”
blended teaching strategy is shown in Figure 2.

Figure 2. “SPOC and Flipped classroom”-based blended teaching design.

As is shown in Figure 2, the whole blended teaching process is divided into three
sections—the before-class section, the in-class section, and the after-class section. Before
the class, learning goals are released to students before the classroom teaching activities
take place. This step is followed by students’ self-learning based on SPOC, during which
the interaction and self-test learning activities should be carried out by students under
the teacher’s guidance in the form of online tasks through the SPOC platform. Then, as
students finish all the tasks, they receive feedback and a summary from their teacher. The
SPOC techniques are performed through an online instructional platform named “Xue
Xitong”, which is a free integrated mobile teaching, mobile learning, mobile reading, and
mobile social communication application developed by Beijing Century Superstar Informa-
tion Technology Development Co., LTD. in 2016 in China. The functions of restricted class
access, releasing videos, pictures, documents, teacher–students–peer interactions, monitor-
ing learning process, and evaluating students’ learning outcomes could help teachers in
offering guidance and conducting monitoring for students’ autonomous learning before
and after traditional face-to-face classroom teaching. The present adaptation of SPOC is to
create an autonomous learning environment for students, enabling improvements in their
learning process.
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In-class activities are carried out by both the teacher and the students. The problems
raised at the beginning of the class would be solved through discussion, cooperation, and
communication in teacher–student and student–student interactions. Each link of the loop
(see “in-class” section in Figure 2) can be adjusted at any time based on feedback, summary,
and evaluation from both teachers and students. This section is performed as face-to-face
classroom teaching, and is composed of the “discussion”, “cooperation”, “communication”,
and “problem-solving” steps after students’ autonomous SPOC learning of the course
in the flipped classroom, which is the reverse of the traditional face-to-face classroom
teaching procedures.

After-class teaching and learning happen as soon as the in-class teaching and learning
aims are accomplished. This section is conducted as the reflection and revision of in-class
teaching and learning process. According to the evaluation of students’ performance in
knowledge acquisition and skill management with the aids of online and offline teaching
techniques, a teacher would provide more personalized self-learning supplemental learning
resources and guidance to students for the consolidation of the knowledge and skills
acquisition. Then, students’ performance in this section would also be evaluated. The
section would be carried out on the SPOC platform as well.

The three sections would not stop as the after-class section finishes, but would repeat
to achieve the blended teaching and learning goals of the course.

Meanwhile, the traditional face-to-face classroom teaching strategy is implemented in
the teaching procedures of the control class, which is also designed as three teaching stages:
before-class, in-class and after-class. See Figure 3.

 

Figure 3. Traditional face-to-face classroom teaching design.

As Figure 3 shows, the traditional face-to-face classroom teaching approach was also
carried out in three stages. The before-class stage refers to students’ preparation for the
subject of the new class (the “preview”) according to the assignments given by the teacher
before the teaching happens. The in-class stage includes all classroom teaching activities
such as situation creating, knowledge interpreting, exemplifying, collaborating, and so on.
The last stage involves the summary and assignments students had to work on after the
class for reviewing the old knowledge and prepare for the new lesson (known as “review
and preview”). The teacher only participates in the interactions with students in the in-class
periods, and students have to complete the before-class and after-class tasks autonomously
with the guides for assignments given by the teacher.

2.3. Population and Samples

The research design section follows the type of design with characteristics of the
population and the sampling procedure. Within this target population, a sample was
selected that consisted of first-year English-major students at an undergraduate university
in Shandong Province of China (see Figure 4).
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Figure 4. Population and samples.

The research sample was selected from the population using randomization and
stratified sampling techniques according to probability sampling techniques. The samples
who voluntarily agreed to take part in the research include both men and women who
enrolled for the 2022 English-major courses in H University. Among the English-major
courses, Integrated English (I) is the compulsory core course which begins in the first
semester for first-year English-major students. These students participate in the course
to improve their proficiency in the five basic English language skills — listening, reading,
speaking, writing and translating. In the quasi-experiment, there were 64 English-major
students from the same Chinese university in Shandong province, who were divided into
the control class (N = 32, (intact group), with 6 men and 26 women) and the experimental
class (N = 32, (intact group), with 4 men and 28 women).

2.4. Data Collection Instruments

The fundamental purpose of experimental design is to impose control over conditions
that would otherwise cloud the true effects of the independent variables upon the depen-
dent variables [6]. The quasi-experiment, in this research, is adopted to examine students’
achievements by implementing both the “SPOC and “Flipped classroom” blended teaching
strategy in the experimental class for the intervention, and the traditional face-to-face
blended teaching strategy for the control class.

Testing is used as the instrument to collect the quantitative data of English-major
students’ achievements of English language competence — speaking, reading, listening,
writing, and translating — before and after the blended teaching intervention in the course
of Integrated English (I) for a semester (four months). The tests include a pre-test and
a post-test.

2.4.1. Composition of the Test Papers

Each of the two test papers is composed of five types of questions—listening, reading,
speaking, writing, and translating. The questions involving the five different language skills
are cited from two large-scale, high-stake tests for measuring Chinese students’ English
language competence—English Test for International Communication (ETIC) and College
English Test Band 4 (CET4).

The five types of questions compose the pre-test and post-test papers to measure the
first-year English-major students’ five basic English language skills.

(1) Listening

The listening section consists of five questions in the form of sentence completion. The
listening materials is a conversation between two people in a context of social communica-
tion, which plays back for two times. The assessment of the listening test is based on the
rating standard. Each correct answer receives 2 marks and scores are out of 10.
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(2) Reading

The reading section is composed of two passages, and each passage includes five
multiple-choice questions. The assessment of the reading test is based on the rating
standard. Each correct answer receives 2 marks and scores are out of 20.

(3) Translating

The translating section consists of one task, which required participants to translate a
short essay from Chinese to English. The assessment of translating test is based on accuracy,
literal fluency and coherence in the lexical, syntactical and grammatical ranges, and the
scores are out of 30.

(4) Speaking

The speaking section consists of two parts in the form of self-presentation. Students
obtained the requirements of the speaking test when they received the test papers to
obtain a general idea of the contents and requirements. In the first part (self-introduction),
students are required to briefly introduce themselves freely within 2 min. In the second
part (individual long turn), students talk about a particular topic which allows them to
present any points they wish to cover. The assessment of the speaking test is based on
fluency and coherence, lexical resource, grammatical range and accuracy, pronunciation,
and intonation, and the scores are out of 30.

(5) Writing

The writing section consists of one task, which requires learners to write 120 words.
In the task of the writing test, a situation is presented to the participants, and they are
asked to write an essay providing information meeting the demands of the situation. The
assessment of the writing test is based on task achievement, coherence and cohesion, lexical
resource, and grammatical range and accuracy, and the scores are out of 20.

The pre-test and post-test were administered for the participants of both the exper-
imental and the control group. The test papers were used in the pre-test and post-test
to measure the participants’ language proficiency of the five skills (listening, reading,
speaking, writing and translating) before and after the intervention sessions. Each of the
five raters scored one certain type of question (each of the five skills) included in the test
papers independently according to the corresponding rating scale.

2.4.2. Reliability of the Test Papers

In order to test the reliability of the test, the researcher administered a pilot test on
a sample which consisted of 30 first-year English-major students except for the samples,
and the reliability was determined through Cronbach Alpha test. There were two tests
(pre-test and post-test) and each of the tests took 110 min. The consistency coefficient
was calculated using Cronbach Alpha and the result (pre-test: Cronbach’s Alpha = 0.702;
post-test: Cronbach’s Alpha = 0.742). Thus, reliability of the test was deemed acceptable.

2.5. Data Analysis

The quantitative analysis on the data was conducted through SPSS 26.0. The procedure
of data analysis contained the following steps.

Firstly, normality was tested to determine the normal distribution of the data. Students’
total achievements including the five English language skills were tested in the post-test,
and the normal distribution of the data was tested by the descriptive analysis tool of
SPSS and the results are reported too, including minimum, maximum, mean, standard
deviation, skewness and kurtosis for illustrate the relevant information of the samples in
the quasi-experiment to ensure the normality of the data and the reliability and validity
of the inferential analysis results of the post-test data. Then, an independent sample
t-test was conducted on the post-test performance data to find out whether there was
significant difference between in students’ achievements both in the control group and the
experimental group, and before and after the intervention.
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Then, homogeneity of variance of the data was tested to ensure that the variance of
two samples was homogeneous.

Finally, in order to ensure that there is no significant difference between the experi-
mental class and control class regarding their language learning skills at the beginning of
the study, an independent sample t-testwas performed.

Specifically, the data of the quasi-experiment were collected through pre-test and
post-test and then were analyzed by performing independent sample t-test and paired-
sample t-test in SPSS 26.0. The results, such as the maximum, minimum, mean, t-value,
Sig. (2-tailed), mean difference, and p-value, were reported to verify whether there was
a significant difference between the effects of the blended learning strategy and those of
the traditional face-to-face teaching strategy on students’ achievements. The independent
sample t-test was used for verifying whether there was any difference in students’ achieve-
ments between the control class and the experimental class, between male and female
students, and between students from urban areas and students from rural areas. ANCOVA
(analysis of covariance) was conducted for eliminating the influence of confounding factors
(covariates of pre-test and the two teaching strategies) on the analysis index and identifying
whether there was any statistically significant correlation between the independent and
dependent variables following the intervention.

3. Results

In this section, the results of exhaustive data analyses are presented. These were
performed to answer the research questions and to verify the research hypotheses, and the
results of the statistical analysis were provided.

3.1. Descriptive Statistics of the Quasi-Experiment

The demographic information of the samples in the experimental class, including
numbers, genders and regional backgrounds, was analyzed in descriptive statistics. The
distribution of genders and regional backgrounds among sample of participants is shown
in the following Table 1.

Table 1. Demographic information of the samples.

Gender

Frequency Percent Valid Percent Cumulative Percent

Valid

1 6 18.8 18.8 18.8

2 26 81.2 81.3 100.0

Total 32 100.0 100.0

Regional Background

Frequency Percent Valid Percent Cumulative Percent

Valid

1 7 21.9 21.9 21.9

2 25 78.1 78.1 100.0

Total 32 100.0 100.0

Then, normal distribution tests of the statistics in the pre-test and post-test were carried
out for the control class and the experimental class of the quasi-experiment, and the results
are shown in Tables 2 and 3.
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Table 2. Descriptive statistics of students’ achievements in the pre-test.

Valid N Minimum Maximum Mean Std. Deviation Skewness Kurtosis

EC 32 51 81 67.47 6.258 0.069 0.762

CC 32 56 81 68.19 6.631 0.293 −0.556

EC = experimental class, CC = control class.

Table 3. Descriptive statistics of students’ achievements in the post-test.

Valid N Minimum Maximum Mean Std. Deviation Skewness Kurtosis

EC 32 61 87 75.72 5.887 −0.432 0.286

CC 32 41 89 65.41 10.121 −0.044 0.263

EC = experimental class, CC = control class.

As is shown in Table 2, the EC had a slightly lower mean (67.47) and a smaller standard
deviation (6.258) compared to CC, which has a mean of 68.19 and a larger standard deviation
of 6.631. As for the skewness and kurtosis, the skewness of the experimental class is 0.069.
A positive value indicates a right-skewed distribution, and a negative value indicates a left-
skewed distribution. In this case, the value is close to zero, suggesting a nearly symmetrical
distribution. Kurtosis of the experimental class is 0.762 a positive value indicates heavier
tails compared to a normal distribution, and a negative value indicates lighter tails. A
value close to zero suggests a distribution similar to a normal distribution. The positive
value of skewness of the control class is 0.293, indicating a slight right-skewed distribution,
but skewness is not substantial. The kurtosis of the control class is −0.556. The negative
value indicates that the distribution has lighter tails compared to a normal distribution.
|skewness| < 2 and |kurtosis|< 7 were found in both experimental and control classes,
which means the data of pre-test the control class form a normal distribution.

As can be seen from Table 3, the scores of the experimental class had a higher mean
(75.72) and a smaller standard deviation (5.887) compared with the scores of the control
class, which had a mean of 65.41 and a larger standard deviation of 10.121. According to the
statistics, the skewness of experimental class is −0.432. The negative value indicates a left-
skewed distribution, meaning the tail is extended towards the left side of the distribution.
The kurtosis of the experimental class is 0.286. The positive value indicates heavier tails
compared to a normal distribution. The value is close to zero, suggesting a distribution
similar to a normal distribution. The skewness of control class is −0.044, which is close to
zero, indicating a nearly symmetrical distribution for control class. The kurtosis of control
class is 0.263. The value is close to zero, suggesting a distribution similar to a normal
distribution. |skewness| is less than 2 and |kurtosis| is less than 7 for the statistics of
both experimental class and control class in the post-test, which means the data of post-test
in the experimental class and control class form a normal distribution.

3.2. Quantitative Analysis Results and Findings

The quantitative analysis of students’ achievements was conducted based on the
quantitative data collected by tests. Scores of both the pre-test and the post-test in the
controlled class and experimental class were analyzed by SPSS 26.0. Different statistical
methods were used in the two phases to obtain the results, with the aim of elucidating the
research questions and verifying the hypotheses.

The quasi-experiment was designed to find out the effect of the “SPOC and Flipped
classroom”-based blended teaching strategy on students’ achievements through a com-
parison with the effect of the face-to-face classroom teaching strategy; therefore, it should
elucidate whether there was a significant difference between the independent variables
(“SPOC and Flipped classroom”-based blended teaching strategy vs. traditional face-to
face classroom teaching strategy) and the dependent variable (students’ achievements).
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In this case, the statistical analysis methods such as the independent sample t-test and
the paired sample t-test were conducted on students’ scores in pre- and post-tests to examine
the effects of the two blended teaching strategies on students’ achievements. In addition,
the moderating effects of gender and regional background on students’ achievements
also were examined under the conditions of different teaching strategies being applied in
EFL instruction.

3.2.1. Results and Findings for Verifying H1, H2, H3, H4, H5, and H6 involving Research
Question 1

The results and findings from the quantitative data analysis of the quasi-experiment
were derived in order to answer the first research question and to verify the research
hypotheses 1–6.

The dependent variables involved in the analysis were students’ achievements in five
English language skills, including listening, reading, translating, writing and speaking. The
independent variables were two different teaching strategies —the “SPOC and Flipped
classroom”-based blended teaching strategy and the face-to-face classroom teaching strategy.

In order to ensure that there was no significant difference between the control group
and the experimental group regarding their language learning skills at the beginning of the
research, the pre-test was conducted synchronously in both experimental class and control
class, and then an independent sample t-test was performed on the scores. The results are
provided in Table 4.

Table 4. Results from independent sample t-test on pre-test scores.

Pre-test

EC (n = 32) CC (n = 32)

M SD. M SD Sig. (2-tailed) MD t

67.47 6.258 68.19 6.631 0.657 −0.72 −0.446

Through the independent sample t-test on the scores collected from the pre-test in
the two classes, it was found that they were not any significant differences among the
students of the both classes in terms of their achievements in five language skills (listening,
reading, translating, writing and speaking) (t = −0.446, p > 0.05). Inspections of the means
indicate that the average pre-test scores of students in the two classes were at an almost at
the similar level.

After the intervention sessions, the students in both classes took part in a post-test. The
major purpose of this step was figuring out that there was significant difference between
the two classes after the intervention in the experimental class; therefore, the independent
sample t-test was performed to analyze the scores collected from the two classes from the
post-test. The statistics including a valid number of samples, mean, standard deviation,
and the inferential statistics, are provided in Table 5.

Table 5. Results from independent sample t-test on post-test scores.

Post-test

EC (n = 32) CC (n = 32)

M SD M SD Sig. (2-tailed) MD t

75.72 5.887 65.41 10.121 0.000 * 10.31 4.982

* p < 0.05.

The results in Table 5 show that the “SPOC and Flipped classroom”-based blended
teaching strategy had a significantly positive effect on the participating first-year English-
major students’ achievements compared with the traditional face-to-face classroom teach-
ing strategy. Inspections of the two classes means indicated that the average post-test
score of students learning in blended teaching designed based on the “SPOC and Flipped
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classroom”-based blended teaching strategy is significantly higher than the score of stu-
dents learning in face-to-face classroom teaching designed on the basis of the face-to-face
classroom teaching strategy (EC(M) = 75.72, CC(M) = 65.41, p < 0.05). From the results, Hy-
pothesis 1 is accepted. The result is consistent with the findings of Bilgin [6] and Oweis [31]:
blended teaching could be helpful in improving students’ English language skills.

The effective size of the pre- and post- test in both of the the control class and the
experimental class was tested using the Cohen’s d. See Table 6.

Table 6. Independent sample effect size.

Normalized
Quantitya

Point
Estimation

95% Confidence Interval

Minimum Maximum

pre-test CC-EC

Cohen d 6.447 0.111 −0.379 0.601

Hedges revised 6.526 0.110 −0.375 0.594

Glass Delta 6.258 0.115 −0.377 0.605

post-test CC-EC

Cohen d 8.280 −1.246 −1.778 −0.705

Hedges revised 8.381 −1.230 −1.756 −0.696

Glass Delta 5.887 −1.752 −2.398 −1.089

Denominator used when estimating the size of the effect. Cohen d convergence standard deviation. Hedges: The
correction uses the convergence standard deviation plus the correction factor. Glass Delta: The sample standard
deviation of the control group was used.

The results in in Table 6 show that the effective size of the pre-test in both the control
and the experimental classes, as measured by Cohen’s d shown, is d = 0.111, indicating
a low effect. The effective size of the post-tests among the two classes, as measured by
Cohen’s d, is d = 1.246, indicating a high effect.

Furthermore, in order to determine whether there is significant difference in students’
achievements before and after the intervention session within the same class (in the ex-
perimental class and in the control class, respectively), two paired-sample t-tests were
conducted on the pre-test and post-test scores collected from the both the classes. The
results can be seen in Table 7.

Table 7. Paired-sample t-test of control and experimental classes.

Students’
Achievements

Pre-test of CC (n = 32) Post-test of CC (n = 32)

M SD M SD Sig. (2-tailed) MD t

68.19 6.631 65.41 10.121 0.117 2.78 1.611

Pre-test of EC (n = 32) Post-test of EC (n = 32)

M SD. M SD Sig. (2-tailed) MD t

67.47 6.258 75.72 5.887 0.000 * −8.25 −6.955

* p < 0.05.

The results in Table 7 show that there is no significant difference in students’ achieve-
ments between pre-test and post-test in the control class (t = 1.611, p > 0.05). Inspections
of the two tests’ means indicated that the average score of students’ achievements had
no significant improvement before and after the intervention of face-to-face classroom
teaching strategy. The results show that students’ achievements in the pre-test is signifi-
cantly different from the students’ achievements in the post-test in the experimental class
(p < 0.05). Inspections of the two tests’ means indicate that the average score of students’
achievements in the pre-test was significantly lower than that in the post-test. This means
that students’ achievements was improved after the intervention with the “SPOC and
Flipped classroom”-based blended teaching strategy. The results shown in Tables 4 and 5
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verify H1: the “SPOC and Flipped classroom”-based blended teaching strategy has a
significantly positive effect on the first-year English-major students’ achievements. This
finding is consistent with that of Bañados’ (2006) study on the improvement of Chilean
undergraduate students’ EFL language skills in a blended teaching environment [32].

In order to eliminate the influence of confounding factors (covariates of pre-test) on
the analysis index and identify whether there were any statistically significant correlations
between the independent and dependent variables following the intervention, results from
the pre-test and post-test of students’ achievements in the experimental class were also
evaluated by a mixed-design ANCOVA (analysis of covariance). The results are shown in
Table 8.

Table 8. ANCOVA on data of experimental class.

Source Type III Sum of Squares df Mean Square F Sig.

Corrected Model 2728.797 a 3 909.599 16.934 0.000

Intercept 1226.839 1 1226.839 22.839 0.000

Teaching Strategy
“1blend2facetoface” 1633.151 1 1633.151 30.404 0.000 *

Pretest 457.726 1 457.726 8.521 0.005

Error 3222.953 60 53.716

Total 324,612.000 64

Corrected Total 5951.750 63

* p < 0.05. a: R Squared = 0.458 (Adjusted R Squared = 0.431).

The analysis of covariance in Table 8 shows that the significance of the “Teaching
Strategy” variable was less than 0.05. This suggested the presence of a significant difference
(α = 0.05) among the means of the achievement post-test results in the items of the overall
achievement test in the five English language skills; these differences can be attributed to
the teaching strategy variable (“SPOC and Flipped classroom”-based blended teaching
strategy versus traditional face-to-face teaching strategy). This indicates the presence of
an effect for the blended teaching strategy on the achievement of first-year English-major
students’ five English language skills.

In order to conduct an in-depth exploration of the findings about the effects of the
blended teaching strategy on students’ achievements in different English language skills
to verify H2, H3, H4, H5, and H6, further statistical analysis on the data was performed.
The descriptive statistics and inferential statistics of the independent sample t-test were
conducted on the scores of the listening, reading, translating, writing, and speaking pre-
test and post-test for the experimental and control classes. The results are provided in
Tables 9 and 10.

The purpose of the independent sample t-test of the the pre-test results was to ensure
that there was no significant difference in students’ achievements of the five English
language skills between the control and experimental classes before the intervention of
teaching strategies. The results of Levene’s test of the pre-test scores of each skill among the
control and experimental classes demonstrated that the variables satisfied the homogeneity
of variance.

As is shown in Table 9, there are no significant differences in students’ achievements
of five English language skills between the control class and the experimental class in the
pre-test (listening: t = −1.60, p > 0.05; reading: t = 0.170, p > 0.05; translating: t = 1.179,
p > 0.05; writing: t = 1.434, p > 0.05; speaking: t = 0.242, p > 0.05). This means that before
the interventions with the two strategies, students’ English language skills in listening,
reading, translating, writing and speaking were at a similar level in both the control class
and the experimental class.
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Table 9. Independent sample t-test on pre-test results.

Groups N Mean SD
Sig.

(2-Tailed)
MD t

Listening
CC 32 5.81 2.235

0.113 −0.94 −1.609
EC 32 6.75 2.423

Reading
CC 32 12.88 2.959

0.865 0.13 0.170
EC 32 12.75 2.907

Translating
CC 32 13.75 2.410

0.243 0.72 1.179
EC 32 13.03 2.469

Writing
CC 32 14.94 2.047

0.156 0.69 1.434
EC 32 14.25 1.778

Speaking
CC 32 20.81 2.494

0.809 0.12 0.242
EC 32 20.69 1.512

Table 10. Independent sample t-test on post-test results.

Groups N Mean SD
Sig.

(2-Tailed)
MD t

Listening
CC 32 4.25 2.627

0.010 * −1.63 −2.648
EC 32 5.88 2.268

Reading
CC 32 12.38 3.883

0.007 * −2.43 −2.780
EC 32 14.81 3.084

Translating
CC 32 13.63 3.998

0.000 * −3.06 −3.854
EC 32 16.69 2.055

Writing
CC 32 12.66 3.288

0.000 * −3.12 −4.905
EC 32 15.78 1.475

Speaking
CC 32 22.50 2.258

0.912 −0.06 −0.111
EC 32 22.56 2.257

* p < 0.05.

The results in Table 10 show that the “SPOC and Flipped classroom”-based blended
teaching strategy has a significantly positive effect on the first-year English-major students’
achievements in listening compared with the traditional face-to-face classroom teaching
strategy, (EC(M) = 5.88, CC(M) = 4.25, p < 0.05). From this finding, Hypothesis 2 is accepted,
and this is consistent with the findings of Aji [33] in the research.

As for reading skills, the results in Table 10 show that the “SPOC and Flipped
classroom”-based blended teaching strategy had a significantly positive effect on the first-
year English-major students’ achievements in reading compared with the traditional face-to-
face classroom teaching strategy (p < 0.05, EC(M) = 14.81, CC(M) = 12.38). From the finding,
Hypothesis 3 was accepted and this is consistent with the findings of Bolandifar [34],
Ghazizadeh and Fatemipour [35] and Yudhana [36].

As can be seen from Table 10, statistics shows that the “SPOC and Flipped classroom”-
based blended teaching strategy had a significantly positive effect on the first-year English-
major students’ achievements in translating compared with the traditional face-to-face
classroom teaching strategy (p < 0.05, EC(M) = 16.69, CC(M) = 13.63). From this finding,
Hypothesis 4 was accepted.

Results in Table 10 show that “SPOC and Flipped classroom”-based blended teach-
ing strategy has a significantly positive effect on the first-year English-major students’
achievements in writing compared with the traditional face-to-face classroom teaching
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strategy (p < 0.05, EC(M) = 15.78, CC(M) = 12.66). From this finding, Hypothesis 5 was
accepted, and the finding is also corroborated the findings of Hamouda that students of
the blended learning group significantly outperformed the control group in their writing
performance [37].

As is shown in Table 10, the results show that the “SPOC and Flipped classroom”-based
blended teaching strategy had no significantly positive effect on the first-year English-major
students’ achievements in speaking compared with the traditional face-to-face classroom
teaching strategy (p > 0.05). From this finding, Hypothesis 6 was rejected. This finding is
opposite to the findings of Ginaya et al. [38], who found that the students participating
in a blended teaching and learning model significantly improved in their speaking ability
compared with those participating in a conventional face-to-face classroom teaching model.

3.2.2. Results and Findings for Verifying H7 Involving Research Question 2

The independent variables of the research were the two different teaching strategies—
“SPOC and Flipped classroom”-based blended teaching strategy and the traditional face-to-
face classroom teaching strategy. The dependent variable to be tested in the first research
question was students’ overall achievements in five English language skills. In addition,
gender and regional background were involved in the research as moderating variables. In
order to verify the seventh hypothesis, an independent sample t-test was performed twice
to identify the effects of the moderating variable of genders on students’ achievements. The
statistics of both classes from the pre-test and post-test, in relation to gender, are shown in
Table 11.

Table 11. Students’ Achievements between Genders.

Students’
Achievements in

Pre-test (EC)

M of EC (n = 6) F of EC (n = 26)

M SD. M SD Sig. (2-tailed) MD t

68.83 6.616 67.50 6.320 0.647 1.333 0.462

Students’
Achievements in

Post-test (EC)

M of EC (n = 6) F of EC (n = 26)

M SD. M SD Sig. (2-tailed) MD t

78.67 7.737 75.04 5.333 0.178 3.628 1.380

M = male students; F = female students.

The independent sample t-test was performed to ensure that the results after the
intervention would not be a product of the differences between the mean scores of the
classes before conducting the experiment. As was shown in Table 11, the results show
that male students did not have significantly higher achievements than female students
before and after participating in the “SPOC and Flipped classroom”-based blended teaching
strategy (p > 0.05). From this finding, Hypothesis 7 was rejected, and it is consistent with
the finding of BENHADJ (2021) [39], that no significant gender differences in students’
achievements were observed in blended teaching. Moreover, due to the difference in the
number of male and female students, the effective size of the independent sample was
tested. Results in in Table 12 show that the effective size of the independent sample, as
measured by Cohen’s d, is d = 0.625, indicating a medium effect [40].

3.2.3. Results and Findings for Verifying H8 Involving Research Question 3

Regional background was also considered in the research as a moderating variable
to evaluate students’ achievements before and after intervention through the “SPOC and
Flipped classroom”-based blended teaching strategy in the experimental class for verifying
the eighth hypothesis.

The scores of the pre-test and the post-test were analyzed using an independent sample
t-test through SPSS 26.0, and the results are shown in Table 13.
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Table 12. Independent sample effect size.

Normalized
Quantity

Point
Estimation

95% Confidence Interval

Minimum Maximum

Pre-test

Cohen d 6.361 −0.026 −0.914 0.862

Hedges revised 6.526 −0.026 −0.891 0.840

Glass Delta 6.320 −0.026 −0.914 0.862

Post-test

Cohen d 5.803 0.625 −0.281 1.522

Hedges revised 5.953 0.609 −0.274 1.483

Glass Delta 5.333 0.680 −0.233 1.581

Denominator used when estimating the size of the effect. Cohen d convergence standard deviation. Hedges: The
correction uses the convergence standard deviation plus the correction factor. Glass Delta: The sample standard
deviation of the control group was used.

Table 13. Students’ Achievements between Regional Backgrounds.

Students’
Achievements in

Pre-test (EC)

Urban (n = 7) Rural (n = 25)

M SD. M SD Sig. (2-tailed) MD t

67.71 5.376 67.40 6.583 0.909 0.31 0.314

Students’
Achievements in

Post-test (EC)

Urban (n = 7) Rural (n = 25)

M SD. M SD Sig. (2-tailed) MD t

79.71 4.386 74.60 5.831 0.040 * 5.114 2.146

* p < 0.05.

This independent sample t-test conducted on the pre-test is to ensure that the results
before the intervention would not be attributed to the differences between the mean scores
of the classes before conducting the experiment. From the statistics shown in Table 13, the
scores of students from urban areas showed no significant differences when compared with
those of the students from rural areas in the pre-test (p > 0.05). The results of post-test scores
show that students from urban areas have significantly higher achievements than those
of students from rural areas participating in the “SPOC and Flipped classroom”-based
blended teaching strategy (p < 0.05, urban (M) = 79.71, rural (M) = 74.60). From this finding,
Hypothesis 8 is accepted.

Due to the difference in the number of students from urban areas and students from
rural areas, the effective sizes of the independent sample data in the pre-test and the
post-test were tested. The results are shown in Table 14.

Table 14. Independent sample effect size.

Normalized
Quantity

Point Estimation
95% Confidence Interval

Minimum Maximum

Pre-test

Cohen d 6.360 0.049 −0.789 0.887

Hedges revised 6.525 0.048 −0.769 0.865

Glass Delta 6.583 0.048 −0.791 0.885

Post-test

Cohen d 5.572 0.918 0.041 1.780

Hedges revised 5.716 0.895 0.040 1.735

Glass Delta 5.831 0.877 −0.005 1.742

Denominator used when estimating the size of the effect. Cohen d convergence standard deviation. Hedges: The
correction uses the convergence standard deviation plus the correction factor. Glass Delta: The sample standard
deviation of the control group was used.
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As is seen in Table 14, the effective size of the independent sample, as measured by
Cohen’s d, is d = 0.918, indicating a high effect [40].

4. Discussion

The results of the quantitative data emphasized the effects of the “SPOC and Flipped
classroom”-based blended teaching strategy implemented in EFL instruction on the achieve-
ments of first-year English-major students. The following major findings were derived.

4.1. The “SPOC and Flipped Classroom”-Based Blended Teaching Strategy Was Effective in
Improving Students’ Overall Achievements

The effects of the “SPOC and Flipped classroom”-based blended teaching strategy on
the first-year English-major students’ achievements were tested through a comparison with
the effects among students participating in a traditional face-to-face classroom teaching
strategy. The results of students’ overall achievements in English language skills indicate
that the adoption of the “SPOC and Flipped classroom”-based blended teaching strategy
as scaffolding led to an increase in English language achievements among the first-year
English-major learners compared with those using the traditional face-to-face classroom
teaching strategy. The result implies that the “SPOC and Flipped classroom”-based blended
teaching strategy is more advantageous in helping Chinese EFL learners acquire both
English language knowledge and improve English language skills in comparison with
traditional face-to-face classroom teaching.

In order to eliminate the pretest differences in performance and identify the statistical
significance of the difference according to the variable of teaching strategies, the analysis
of covariance was used. The analysis of covariance suggested that the presence of a
significant difference between the means from the achievement post-test in the items of
the achievement test in English language skills was attributable to the teaching strategy
variable (blended teaching versus face-to-face). This indicates the presence of an impact for
the blended teaching strategy on the achievement of the first-year English-major students.

Therefore, when English language instruction was decoded using blended strategies as
the scaffolding in EFL teaching and learning, language learning became easier for learners.
The success of the “SPOC and Flipped classroom”-based blended teaching strategy was due
to two remarkable reasons: firstly, its effectiveness in conducting the leaning process of EFL;
its role in creating a different and more effective blended learning environment for students’
learning context, collaboration, conversation, and meaning construction in comparison
with the traditional face-to-face classroom teaching strategy, both for the learners and the
teachers. The “SPOC and Flipped classroom” approach was used as scaffolding in the
blended teaching of Integrated English (I), which created an effective learning environment
and enabled the students to better access skills of meaning construction. Studies have
shown that a good learning environment can provide learners with a variety of learning
styles, rich course resources, convenient communication channels, and timely feedback and
evaluation; these factors can motivate learners to be more actively involved in the course,
and further promote their learning achievements and satisfaction [41].

4.2. “SPOC and Flipped Classroom”-Based Blended Teaching Strategy Has Significant Positive
Effects on First-Year English-Major Students’ English Language Skills of Listening, Reading,
Translating, and Writing

The findings of the further data analysis on achievements in the five English language
skills have different implications for the current blended teaching approach.

The significant difference observed from the statistical analysis results of listening,
reading, translating and writing between the experimental and control class show that
the first-year English-major students have significantly better performance in the English
language abilities of listening, reading, translating, and writing from participating in the
“SPOC and Flipped-classroom”-based blended teaching strategy in comparison with the
traditional face-to-face classroom teaching strategy. From the significant results of higher
scores of the four language skills in the experimental class, we can derive that the “SPOC
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and Flipped classroom”-based blended teaching strategy, used as the scaffolding in blended
teaching, had significantly positive effects in improving students’ English language skills
of listening, reading, translating, and writing.

Alnoori and Obaid (2017) note that blended learning appears to be more effective
than traditional methods because it has the flexibility to combine a range of techniques.
In addition, the technology used in blended learning environments can be promoted and
moderated by teachers in the classroom to prevent the technology from being misused or
used in ineffective ways [42]. Based on the “SPOC and Flipped classroom”-based blended
teaching strategy, as soon as the learning aims and tasks were assigned to students before
each class, support becomes available for students in their online autonomous learning,
through online learning materials such as audio and video materials provided by the
teacher. Then, the in-class activities were carried out as problem-solving and evaluating
stages in the face-to-face classroom teaching periods. Additionally, this strategy enables
cooperation between the teacher and the students, as well as among students themselves.
Finally, the evaluation of students’ outcomes and performance of each listening practice is
delivered in the form of evaluation and feedback after face-to-face class interactions. In this
way, students’ subjective initiative can adjust for exploratory study and learning, and they
build an overall grasp of what they have learned.

4.3. The “SPOC and Flipped Classroom”-Based Blended Teaching Strategy Has No Significantly
Positive Effects on First-Year English-Major Students’ Achievements in EFL Speaking

According to the results of students’ achievements in the speaking skill, no significant
difference was found between the experimental class and the control class (p > 0.05). This
finding indicated that the “SPOC and Flipped classroom”-based blended teaching strategy
had no significant effect on the first-year English-major students’ achievements of speaking
in EFL blended learning.

The finding in this research was not consistent with the findings of some previous
studies. Kirgoz (2011) found that there was a significant improvement in oral commu-
nication skills of the student teachers of English after a blended strategy and they had a
positive perception of the application of the blended learning [43]. Similar findings have
been reported by Yang et al. (2013) [44], Hung (2015) [45], and Alshumaimeri and Almasri
(2012) [46], who found that blended learning had a significant effect on students’ English
listening and speaking, learning outcomes, and reading comprehension. The findings of
Ginaya et al.’s research (2018) revealed that the students participating in the treatment
of blended teaching significantly improved in their English-speaking abilities, and the
improvement was also supported by their increased learning motivation and interest [37].
There are various reasons that can lead to different developments in students’ EFL speak-
ing abilities. The finding of the present study is contrary to the findings of Ginaya et al.
(2018) [37], who found that the students participating in the blended teaching strategy
were significantly improved in terms of their English-speaking ability compared with
those participating in the conventional teaching model. Tang (2005) [47] suggested that
the instrumental motivation and duration of oral English studies could influence students’
speaking performance, and that the method of phonetic and oral teaching had an impor-
tant influence on the motivation of oral learning. Wang (2007) also referred to students’
learning motivation as one of the main factors affecting the improvement of oral English
ability [48]. In addition, the language learning environment was found to be an influencing
factor that affected students’ speaking learning, because the traditional “teacher-centered”
teaching environment affected and inhibited students’ active participation in speaking
learning activities. Zhang (2017) [49] used an oral English teaching practice that utilized
blended learning—combining a web-based teaching method with traditional face-to-face
teaching modes, integrated a variety of teaching equipment, and made language teaching
more convenient. In addition to the possible reasons mentioned in the previous studies,
the different results that were generated in the present study could be explained by the
following factors: One factor is the different samples in studies. The samples in the previ-
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ous studies were non-English-major students, while in this research they were first-year
English-major students. The differences in the duration of English-speaking learning, and
the environment between English-major and non-English major students, could lead to
their different levels of speaking improvements. The other factor is the different strategies
used in English-speaking blended teaching. Although researchers in China and other
countries have conducted numerous studies on the effects of blended teaching in EFL
instruction, “blended teaching” is still different, utilizing different strategies, which could
cause different results in different studies.

4.4. Gender Has No Significantly Moderating Effect on the First-Year English-Major Students’
Achievements in Their EFL Blended Learning

Statistical analysis on the scores of female and male students from the experimen-
tal class was conducted to examine students’ achievements after the intervention of the
“SPOC and Flipped classroom”-based blended teaching strategy and to find out whether
there was significant difference between the achievements of male and female students.
The results indicated that although male students outperformed female students in their
achievements test (m(M) = 78.67, m(F) = 75.04, MD = 75.04), no significant difference was
observed (p > 0.05). The finding of the data analysis showed that the “SPOC and Flipped
classroom”-based blended teaching strategy had no significantly different effects on the
achievements of male and female students in their blended learning process. This finding
was not consistent with the findings of Al-Haq and Al-Sobh (2010); their study on the effects
of a Web-based Writing Instructional EFL Program among Jordanian secondary students’
English writing performance showed that there were statistically significant differences
(p < 0.05) due to gender in favor of female students compared with males [50].

In the early 19th century, linguists found that there were significant differences between
men and women in English learning. Since the 1960s, a lot of research has been conducted
on the gender differences in sentence patterns, phonemes, and words between men and
women and their causes, which has laid a theoretical foundation for English teaching.
Although there have been a few studies that have systematically investigated the rate of
second language acquisition (SLA) among females versus males, it is a generally accepted
fact in language acquisition knowledge that females have a state advantage, initially at
least. Some researchers have studied the influence of gender in students’ SLAs and have
reported that gender-related differences were incidental to their main focus. Farhady (1982)
found in his study of 800 university students who were obliged to take a placement test that
female students significantly outperformed male students in a listening comprehension
test [51]. Eisenstein (1986) also indicated that female students significantly outperformed
male studemts in a dialect identification task and in the extent to which they could recognize
dialects of greater or lesser prestige [52]. Some other researchers found possible factors for
the differences between genders in EFL learning. Ding et al. (2014) pointed that physical
factors, learning motivation and will, learning interest, character difference, and learning
strategy differences between male and female students were the causes of their different
performances in EFL learning [53]. In this case, the finding that male students performed
as well as female students in this research could be explained based on the following
facts. Firstly, as the intrinsic motivation was slightly stronger, and the English learning
motivation was closely related to the English score. The higher the intrinsic motivation, the
better the English score [54]. The blended teaching approach implemented in this research
has proved to be an effective way of motivating students in EFL learning, since “SPOC
and Flipped classroom” were used as two effective teaching strategies in blended teaching
to raise students’ motivation; therefore, male students’ motivation could be stimulated,
and their achievements were consequently improved. Thus, the gap of achievements
with female students was gradually narrowed down. Secondly, the use of “SPOC and
Flipped classroom” techniques gave full play to the function of teacher-guided inquiry
teaching mode, in which the integration of online and offline teaching resources, learning
activities, teacher–student–peer interactions, and the informative evaluation approach led
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to a “students-centered” EFL teaching concept. In this way, EFL instruction for the first-year
English-major students could follow the principle of “teaching students in accordance with
their aptitude”, eliminating disadvantages caused by differences in students’ learning
interests and characters between genders. Therefore, the finding of this research did not
find gender: as a moderating variable, to have any significant effect on the differences in
achievements between male and female students.

4.5. Regional Background Has Significantly Moderating Effect on the First-Year English-Major
Students’ Achievements in Their EFL Blended Learning

It has been thought that a student’s family background, especially their family’s
socioeconomic background and their academic performance has a considerable impact.
The hypothesis that regional background would be a moderating variable in examining the
differences in students’ academic performances was derived from the consideration of the
different academic performances brought by different information literacy levels among
students from urban and rural areas in blended learning. In blended teaching and learning
environments, costs should be taken into consideration, since the basic equipment for the
online part of blended teaching includes a computer (desktop or laptop), internet access,
and other facilities. The researchers supposed that the conditions of a blended teaching
environment would be different among students from urban areas and from rural areas;
this led to the theory that students from urban areas would have more positive blended
learning conditions due to their regional background, that could enable them to better
participate in computer-assisted learning or internet learning approaches from a younger
age; meanwhile, students from rural areas might not have such good blended learning
conditions, and their participation in computer-assisted learning or online learning would
have begun at a later age than students from urban areas.

The statistical analysis method of an independent sample t-test was carried out on the
scores of students from urban areas and from rural areas in the experimental class to verify
the hypothesis. The results showed that there was a significant difference between the
scores of students from urban areas and those of students from rural areas, and students
from urban areas outperformed students from rural areas in their achievements. This
finding indicated that the “SPOC and Flipped classroom”-based blended teaching strategy
had significantly different effects on the achievements of students from urban areas and
students from rural areas, and students from urban areas could obtain better achievements
in blended learning. This finding verified the hypothesis that was set in the moderating
effects of students’ regional backgrounds on their achievements.

Tan and Liu found in their study that a family’s economic conditions had a significant
impact on a students’ academic performance. Both high-income and middle–upper-income
students have significantly higher academic performances than low-income students [55].
The reasons were determined to be mainly the following: First of all, the high economic
income and the family’s living standard could provide a strong material guarantee for
children to receive a better education. Secondly, parents from families with poor economic
conditions are usually busy making a living and have less time to take care of and su-
pervise their children. In addition, some scholars have shown that a family’s economic
capital and social capital can help them to choose advantageous educational resources
which would, in turn, benefit their children and assist them in achieving better academic
results. Hanushek [56] found that the educational level of parents had a significant positive
effect on the academic achievement output of their children: the higher the educational
level of parents, the better the academic achievement of their children. The International
Assessment of Student Ability (PISA) stated that the higher the social and economic status
of a student’s family was, the better their academic performance was. However, for a long
time, scholars have mainly studied students at the basic education stage when analyzing
the impact of students’ socioeconomic background on their academic performance; few
scholars have studied this issue exclusively at the higher education stage. This is especially
the case in the new concept of “blended teaching”. In conclusion, the differences existing

113



Sustainability 2023, 15, 15349

in the students’ regional background between urban and rural areas had a significantly
moderating effect on the first-year English-major students’ achievements of English lan-
guage skills in the EFL blended teaching using the “SPOC and Flipped classroom”-based
blended teaching strategy. This could be attributed to potential reasons of economic levels
that could support students’ cost of blended learning, parents’ educational levels that could
influence students’ information literacy, or levels of online education development in the
regions where students grew up, among other possible reasons.

From the main findings and discussion, in the present study, we have provided
referential evidence surrounding the use of the current EFL blended teaching approach
for first-year English-major students. The findings here also benefit the understanding of
the blended teaching practice of teaching other disciplines. It is important for teachers
and educators in different disciplines to reflect on blended teaching during the exploration
of achieving optimal results in their approaches to blended teaching through employing
appropriate strategies within the scope of different courses, areas, samples, educational
levels, and educational policies.

5. Conclusions

The discussion on the findings of the research questions provides pedagogical and
theoretical implications for future EFL blended teaching practices among the first-year
English-major students. Furthermore, the discussion led to the identification of some
important designing principles that needed to be taken into consideration during the devel-
opment of EFL blended teaching strategies. In this regard, pedagogical implications could
be clarified through four perspectives: learners, teacher, course, and technology. Firstly,
blended teaching should be designed in accordance with to individual students’ differences
and learning needs. Secondly, teachers’ blended teaching ability and information-based
teaching literacy should be improved. Thirdly, it is necessary to enrich online teaching
resources and refine curriculum evaluation methods in EFL blended teaching. Finally,
it is important to strengthen the techniques used to integrate face-to-face teaching and
online instruction.

Because of certain delimitations in the scope of the study, some limitations included
the samples participating in the research, the raters who assisted the researcher in con-
ducting the study, and the real-time nature of data collection. The major limitation of
the samples was that they were small for both the quasi-experiment and the survey. The
samples in the survey were not randomly selected but purposefully selected according
to the purpose of study. Additionally, the proportions of the genders and regional back-
grounds among students were not balanced. The small size and imbalanced proportions
of genders and regional background among the sample shed limit the universal validity
and generalizability of the findings. A study with more participants must be conducted to
gain more reliable and generalizable outcomes. Secondly, for scoring the tests that students
took before and after the quasi-experiment, five raters were selected from among the EFL
instructors who were teaching English-major courses at the university. The raters did not
receive strict training before rating, but only had a rating standard for each section of the
tests. Finally, it is challenging to gain deeper insights into the factors influencing students’
achievements from the perspective of a quasi-experiment; the tests did not reflect the causes
of the difference in achievements. Therefore, another survey needs to be conducted to
explore the influencing factors of students’ achievements in blended teaching.
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Abstract: In the ever-evolving era of technological advancements, generative artificial intelligence
(GAI) emerges as a transformative force, revolutionizing education. This review paper, guided by
the PRISMA framework, presents a comprehensive analysis of GAI in education, synthesizing key
insights from a selection of 207 research papers to identify research gaps and future directions in
the field. This study begins with a content analysis that explores GAI’s transformative impact in
specific educational domains, including medical education and engineering education. The versatile
applications of GAI encompass assessment, personalized learning support, and intelligent tutoring
systems. Ethical considerations, interdisciplinary collaboration, and responsible technology use are
highlighted, emphasizing the need for transparent GAI models and addressing biases. Subsequently, a
bibliometric analysis of GAI in education is conducted, examining prominent AI tools, research focus,
geographic distribution, and interdisciplinary collaboration. ChatGPT emerges as a dominant GAI
tool, and the analysis reveals significant and exponential growth in GAI research in 2023. Moreover,
this paper identifies promising future research directions, such as GAI-enhanced curriculum design
and longitudinal studies tracking its long-term impact on learning outcomes. These findings provide
a comprehensive understanding of GAI’s potential in reshaping education and offer valuable insights
to researchers, educators, and policymakers interested in the intersection of GAI and education.

Keywords: education; generative artificial intelligence; educational technology; ChatGPT; ethics;
review

1. Introduction

In an era where technological advancements are redefining human existence, there is
one revolutionary force that stands out among the rest: artificial intelligence (AI). AI has
permeated every corner of our lives, quietly and profoundly transforming the way we work,
communicate, and navigate the world. The rise of AI was sparked in November 2022, when
U.S. company OpenAI (San Francisco, CA, USA) released ChatGPT [1], an AI program
that draws upon a large language database to generate responses from text-based inputs
entered by humans [2]. Since its launch, it has skyrocketed in popularity, becoming one of
the fastest-growing consumer applications ever with an estimated 100 million active users
every month [3]. Following the successful release of ChatGPT, other tech companies have
come out with their own AI-powered products, such as Google’s Bard [4] and GitHub’s
Copilot [5].

AI has infused various domains of our lives, revolutionizing industries such as finance,
education, engineering, healthcare, and many more. According to Hadi et al. [6], AI has
transformed practices in the financial sector, such as algorithmic trading, market prediction,
and financial reporting. Hadi et al. [6] further argue that education has seen the integration
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of AI in automated essay grading, intelligent tutoring systems, and personalized learning.
In engineering, AI drives advancements in code generation, software testing, and document
generation. In addition, in the healthcare sector, AI assists in radiologic decision-making,
patient care, and medical education. These various use cases demonstrate the extensive
reach and transformative power that AI can deliver across these diverse domains.

More notably, the field of education is experiencing a transformative revolution, driven
by the emergence of GAI. According to Baidoo-Anu and Owusu Ansah [7], GAI is an unsu-
pervised or partially supervised machine learning framework that seamlessly generates
artificial creations by analyzing existing digital content like videos, images/graphics, text,
and audio. The impact of GAI has been felt across a diverse range of educational fields.
In education, GAI finds versatile applications in assessment and evaluation, student per-
formance prediction, intelligent tutoring systems, and learning management [8]. In the
medical field, the application of GAI, such as ChatGPT, extends to medical education,
where it offers realistic case scenarios and instantaneous feedback to medical students on
their diagnostic and treatment decisions [9]. Moreover, GAI proves instrumental in provid-
ing simplified explanations of complex medical and pharmaceutical concepts, facilitating
students’ understanding [9,10]. In the field of computer science, AI tools demonstrate
tremendous potential in coding education, as evidenced by GPT-3’s ability to generate
diverse code explanations [11].

AI’s impact has triggered a wide array of discussions encompassing diverse topics,
ranging from its potential in transforming learning and teaching methods [12] to its role
in aiding research endeavors and to the crucial considerations of ethics and academic
integrity in its implementation [13]. In the domain of teaching, GAI showcases promising
opportunities for lesson planning, personalized learning support, rapid assessment and
evaluation, and addressing learners’ queries [12]. Furthermore, Markel et al. [14] have
introduced a novel AI tool called “GPTeach”, which is specifically designed for teacher
training, enabling aspiring educators to practice teaching with simulated students powered
by GPT. As the transformative influence of AI in education continues to unfold, these
discussions will undoubtedly shape the future of how we impart knowledge and foster
learning in an ever-evolving educational landscape.

This transformative technology has opened up new avenues for personalized instruc-
tion, enhanced feedback, and tailored learning experiences, ultimately paving the way for
a more efficient, inclusive, and engaging educational environment. GAI is reshaping the
way we teach and learn by offering innovative solutions to longstanding challenges and
opening up new possibilities for improving educational experiences for learners of all ages.
As GAI continues to advance, it is crucial to investigate its applications, implications, and
the challenges it poses to further explore its role in shaping the future of education.

The scope of this review encompasses a wide range of topics, delving into the ap-
plications of GAI in various educational contexts, the tools and techniques utilized, the
effectiveness of GAI in supporting teaching and learning, the impact on student outcomes,
and the potential challenges and ethical considerations associated with its implementation.
By examining multiple dimensions of GAI in education, this review aims to provide a
holistic overview of the field. This paper aims to analyze and consolidate a compilation
of existing reviews on GAI in specific fields of education. By thoroughly examining a
diverse range of papers in this domain, this study offers a comprehensive and in-depth
understanding of the current state of research in this field. Through synthesizing and
summarizing key findings, methodologies, and recommendations from multiple papers,
this study provides a valuable resource for researchers, educators, and policymakers who
are keenly interested in exploring the transformative intersection of GAI and education.

This review paper contributes to the field in various ways. Firstly, it provides a compre-
hensive overview of the current state of research on GAI in education, allowing researchers
to identify the prevailing themes and research directions within the field. Secondly, it
synthesizes the findings and insights from multiple review papers, providing a holistic
perspective on the effectiveness and potential of GAI in educational contexts. Additionally,
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this review identifies research gaps and areas that require further investigation, guiding
future research endeavors. The subsequent sections of this paper will, therefore, present
the methodology employed in selecting and analyzing the research papers, followed by a
comprehensive content analysis and synthesis of the findings and insights. Key themes,
trends, and recommendations will be presented, allowing readers to gain a comprehensive
understanding of the existing knowledge base. Subsequently, a comprehensive bibliometric
analysis will be conducted, examining prominent AI tools, research focus, geographic
distribution, and interdisciplinary collaboration in detail. Finally, this review will conclude
by highlighting the implications of the synthesized findings and suggesting future research
directions to advance the field of GAI in education.

2. Methodology

The methodology employed in this research follows a systematic approach to gather
and analyze literature concerning the integration of GAI in education. It involves four key
steps, as described below:

a. Literature retrieval—This step entails selecting appropriate search terms and key-
words to comprehensively capture pertinent publications related to the intended
topic representing the initial and pivotal phase of the data collection process. We
retrieved a compilation of pre-existing articles and publications in the domain of
GAI in education from the Scopus database. By utilizing a combination of the follow-
ing keywords, “Education”, “GAI”, “Generative Artificial Intelligence”, “GPT-4”,
“ChatGPT”, “AlphaCode”, “GitHub Copilot”, and “Bard”, the authors conducted a
targeted search across titles, abstracts, and keyword fields. This process resulted in
the enlistment of a total of 437 papers, spanning the years 2018 to 2023.

b. Literature screening—The literature screening process for this study drew inspiration
from the PRISMA statement, which is widely recognized as a rigorous and trans-
parent approach for conducting systematic reviews and meta-analyses (Figure 1).
PRISMA provides a structured framework to ensure the systematic identification,
selection, and evaluation of the relevant literature, promoting the reliability and
reproducibility of the review process [15]. Initially, a total of 437 papers were re-
trieved. Following the removal of duplicates, 312 papers remained. After observingly
reviewing each publication, all articles that were deemed irrelevant to our research
focus were discarded. We narrowed the list down to 217 reviews, papers, and publi-
cations that spanned from the years 2018 to 2023. The chronological growth of the
papers (in the context of the topic) in the above-mentioned spanned years is depicted
in Figure 2.

The figure above depicts a substantial number of papers available from our compiled
list, specifically published in the year 2023. Notably, there is a significant and exponential
growth in the field of GAI from 2018 to 2023, indicating a growing amount of research
interest in the topic. This surge in research can be attributed to the recent emergence
of popular GAI tools, such as ChatGPT, which have garnered considerable attention and
sparked innovation within the education domain. The increasing research activity, therefore,
suggests that GAI is perceived as a promising area for innovation in education and that
researchers and educators are increasingly recognizing the potential benefits of integrating
AI technologies into educational settings.

c. Content analysis—This step entails carefully studying a large amount of informa-
tion, like research publications, and organizing it in a meaningful way. This helps
researchers see common themes and patterns in the information. In this case, the
content analysis focused on how GAI is being used in education. The methodology
involved categorizing and classifying the research papers into different themes and
sub-themes. This organization helps researchers understand the different ways GAI
is impacting education, making it easier to draw conclusions and insights from the
collected information.
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d. Bibliometric analysis—It serves the purpose of systematically evaluating academic
literature, typically through analyzing citations and references in research papers. This
methodology helps researchers understand the influence, trends, and relationships
among different academic works. By examining patterns of citations, co-authorships,
and keywords, bibliometric analysis allows for the identification of key authors,
influential papers, emerging areas of study, and collaborative networks within a
particular field. This approach aids researchers in gaining insights into the evolution
of research topics, identifying leading scholars.
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Figure 1. Literature screening approach.
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The remaining part of this paper presents a content analysis and a bibliometric analysis
while adhering to the methodological steps described in this section.

3. Content Analysis

The integration of GAI in education has become a subject of considerable interest,
opening up new possibilities and challenges for educational practices. GAI models, such as
ChatGPT, have been extensively explored across various academic disciplines, presenting
transformative opportunities in teaching, learning, and research. This section seeks to
provide a thorough content analysis of the use of GAI in education.

3.1. Application of GAI in Computer Science

This study explores a collection of research papers focusing on the intersection of GAI
and computer science education and assesses various aspects of GAI technologies and their
implications for teaching and learning programming concepts (Table 1).

Table 1. The applications of GAI in computer science.

Themes Authors Focus

Implications and
potential of GAI code

generation tools in
programming education

Jonsson and Tholander (2022) [16]

Highlights the transformative potential of generative
machine learning in creative programming education,
fostering both programming proficiency and creativity
through students’ exploration of the tool’s
inconsistent behavior.

Finnie-Ansley et al. (2022) [17]

Investigates the performance and implications of Codex, a
deep learning model, in introductory programming,
showcasing its ability to outperform students in
problem-solving while raising considerations for
computing education.

MacNeil et al. (2022) [11]

Explores the potential of large language models (LLMs) in
providing explanations for programming concepts,
contributing to the understanding of LLMs’ role in
enhancing learning experiences.

Denny et al. (2023) [18]

Investigates Copilot, an AI-powered code generation tool,
emphasizing its problem-solving capabilities and discussing
prompt engineering as a means to enhance computational
thinking skills.

Kazemitabaar et al. (2023) [19]

Demonstrates the positive influence of AI code generators,
like OpenAI Codex, on novice programmers, highlighting
improvements in performance, computational thinking
skills, and motivation.

Exploration and
utilization of AI tools for
programming education

Savelka et al. (2023) [20]

Investigates the effectiveness of generative pre-trained
transformer (GPT) models in answering code-related
multiple-choice questions, highlighting the challenges faced
by GPT models in code analysis and reasoning.

Wermelinger (2023) [21]

Focuses on GitHub Copilot, an AI-powered programming
assistant, evaluating its performance and limitations in code
generation, explanation provision, test generation, and
bug fixing.
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Table 1. Cont.

Themes Authors Focus

Ethical considerations
and pedagogical
approaches in AI

education

Becker et al. (2023) [22]

Emphasizes the need for collaborative efforts to explore the
implications and effectiveness of AI-driven code generation
tools in computing education, highlighting the importance
of shaping their trajectory.

Jacques (2023) [23]

Challenges the notion that AI-generated coding tools render
human programming obsolete, advocating for a
reevaluation of teaching methods that foster
problem-solving, critical thinking, and
communication skills.

Raji et al. (2021) [24]

Delves into the ethical considerations in AI education and
proposes a shift toward a collaborative and holistic
pedagogy that bridges the gap between computer science
and humanities and social sciences.

Integration of AI
technologies in

programming education

Yilmaz and Yilmaz (2023) [25]

Explores the incorporation of ChatGPT into programming
education and highlights its positive impact on
computational thinking skills, programming self-efficacy,
and student motivation.

Cortinas-Lorenzo and Lacey (2023) [26]

Addresses the need for transparency and interpretability in
affective computing systems, highlighting the challenges
associated with multimodal data, context integration, and
interaction capturing.

The findings from the above publications reveal several key insights. Firstly, re-
searchers highlight the transformative potential of generative machine learning in creative
programming education, indicating that GAI can significantly impact how programming
concepts are taught and learned. Secondly, crucial considerations are raised regarding
AI-generated code, pointing to the need for careful examination of the quality and relia-
bility of code produced by AI systems. Moreover, the potential of large language models
(LLMs) in providing explanations for programming concepts is showcased, suggesting
that AI can enhance the understanding of complex programming principles. Additionally,
practical insights are offered into the implications of AI-powered code generation tools,
like Copilot, shedding light on the benefits and challenges of using such technologies in
educational settings.

These findings, therefore, provide valuable insights into GAI in computer science
education, highlighting a lack of in-depth exploration of drawbacks and ethical concerns.
While the spotlight is often on the positive outcomes of AI-generated code, it is crucial to ac-
knowledge the possible drawbacks, like an excessive dependence on automated coding and
its potential to undermine students’ algorithmic comprehension. Furthermore, the studies
focus on short-term improvements in performance and motivation without fully consid-
ering long-term effects on problem-solving skills and holistic learning. Future research
should, therefore, balance the positive and negative aspects of GAI integration, address-
ing academic integrity, assessment challenges, and innovative methods for incorporating
AI-generated code into programming curricula.

3.2. Application of GAI in Engineering Education

This section delves into a collection of research papers that explore the impact of GAI
in various disciplines within engineering education. The papers are, therefore, categorized
into three groups, as shown in Table 2.
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Table 2. The application of GAI in engineering education.

Themes Authors Focus

Transformative role of
AI in education and

learning

Marquez et al. (2023) [27]

Emphasizes the potential of integrating product-based
learning strategies and AI text generation models in
biobased materials education, showcasing how this
approach promotes active participation, problem-solving
skills, and the generation of sustainable solutions.

Humphry and Fuller (2023) [28]

Demonstrates the utility of ChatGPT in revolutionizing
chemistry education by effectively generating discussion
sections for laboratory reports, highlighting its potential to
improve student learning experiences and streamline the
report writing process.

Sánchez-Ruiz et al. (2023) [29]

Investigates ChatGPT’s impact on blended learning in
engineering education, particularly mathematics. The study
reveals that the integration of ChatGPT positively influences
students’ critical thinking abilities, problem-solving skills,
and collaborative work. However, it also raises concerns
about potential effects on the development of lateral
competencies, highlighting the need for adaptive teaching
strategies in blended learning environments.

Nikolic et al. (2023) [30] Analyzes the impact of ChatGPT on assessment practices in
engineering education.

AI in design and
collaboration

Gmeiner et al. (2023) [31]

Identifies challenges faced by designers when collaborating
with AI-based design tools, including difficulties in
understanding and adjusting AI-generated outputs and
effectively communicating design objectives.

Chen et al. (2020) [32]
Sheds light on the transformative influence of AI in
engineering design education, enabling the realization of
previously unattainable solutions and concepts.

Galdon et al. (2021) [33]

Presents an operational framework that harnesses abductive
reasoning and probabilistic knowledge to enrich design and
engineering education. The study showcases the
framework’s potential in fostering creative engagement
with knowledge and generating impactful solutions,
emphasizing the necessity of reframing probabilistic
knowledge and embracing transformative approaches to
address real-world uncertainties and challenges.

Innovative applications
of social robots Elfaki et al. (2023) [34]

Introduces a cloud-based framework aimed at augmenting
the intelligence and autonomy of social robots in
engineering education. The study showcases the feasibility
and potential of this framework, empowering social robots
to showcase heightened capabilities through the utilization
of cloud computing and clustering.

GAI presents transformative benefits in engineering education, as evident from various
studies. Indeed, its integration enhances active learning and problem-solving skills and
streamlines educational processes through advanced chatbots and text generation models.
The potential to foster creative engagement in design and collaboration further empowers
students to generate innovative solutions. Cloud-based frameworks amplify social robots’
intelligence and accessibility in engineering education, providing new opportunities for
interactive learning experiences.

Taking a critical view of these studies, while they undoubtedly showcase the positive
implications of GAI for fostering active learning, honing problem-solving skills, and stream-
lining design processes, they also unveil crucial issues that demand careful consideration.
These concerns encompass the potential erosion of lateral competencies due to overreliance
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on GAI, challenges in human–AI collaboration, and the necessity for a pedagogical frame-
work that seamlessly incorporates GAI tools without diluting the essence of education.
While these research papers accentuate the transformative potential of GAI in revolutioniz-
ing the educational landscape, they simultaneously underscore the urgency for judicious
implementation, particularly within dynamic domains, like design and social robots. To
address these issues, future work must refine GAI integration and assess long-term impacts
to ensure its benefits are maximized while mitigating potential challenges.

3.3. Application of GAI in Higher Education

This section explores the potential, applications, challenges, and implications of GAI
tools in specifically higher education. Table 3 shows the classification of these papers and
their main focus.

Table 3. The application of GAI in higher education.

Publications Authors Focus

The integration of GAI
tools such as ChatGPT in

higher education

Konecki et al. (2023) [35]
Conducts a comprehensive examination of ChatGPT’s role
as an educational aid, providing insights into its benefits
and limitations.

Eager and Brunton (2023) [36]

Focuses on the broader implications of LLMs and
conversational-style GAI on pedagogy. They emphasize the
importance of implementing effective plagiarism detection
mechanisms, fostering supportive learning environments,
and offering faculty development programs to ensure the
responsible integration of AI in teaching and learning.

Chaudhry et al. (2023) [37]

Intensively examines the impact of ChatGPT on learning
outcomes and academic integrity in undergraduate degree
programs. The study evaluates ChatGPT’s performance in
handling assignments and compares it to high-achieving
students. Additionally, the effectiveness of plagiarism
detection tools is assessed in the context of ChatGPT usage.
The findings highlight the limitations of ChatGPT in its
ability to fully replace human performance and underscore
the need for a reevaluation of student evaluation
approaches in light of AI-based tools.

Students’ acceptance and
use of GAI technology in

higher education

Iskender (2023) [38]

Addresses the ethical and pedagogical considerations of
GAI in higher education and conducted an interview with
ChatGPT to delve into its impact on the realm of higher
education and academic publishing. The interview sheds
light on ChatGPT’s potential in grading and supporting
students, acknowledging its usefulness in certain
educational contexts. However, it also raises crucial
concerns about potential risks, such as the possibility of
diminishing critical thinking skills and exacerbating
educational inequalities.

Strzelecki (2023) [39]

Delves into the adoption and use of ChatGPT among higher
education students, developing a model based on
technology adoption theory. The study identifies key
predictors such as habit, performance expectancy, and
hedonic motivation in determining students’ acceptance
and usage of ChatGPT.
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Table 3. Cont.

Publications Authors Focus

Stojanov (2023) [40]

Presents an autoethnographic study exploring the
utilization of ChatGPT as a learning aid. The study
underscores the potential benefits of ChatGPT while
acknowledging its limitations, including occasional
superficiality and inconsistency in generated answers. It
emphasizes the need for caution and further research to
fully understand the implications of incorporating ChatGPT
in educational contexts.

The applications of AI
and ML in higher

education
Pinto et al. (2023) [41]

Conducts a systematic literature review to shed light on the
diverse uses of ML in higher eduction. The review
highlights the prediction of academic performance and
employability as the most extensively studied application of
ML in higher education.

The studies in this section offer insights into various aspects of GAI integration
in higher education. They delve into the integration of GAI tools, such as ChatGPT
and large language models, exploring their potential impact on teaching and learning
practices. Student acceptance and usage of GAI technology are examined, revealing factors
that influence their adoption. The applications of AI and machine learning in higher
education are explored, particularly in predicting academic performance and employability.
Furthermore, the impact of ChatGPT on learning outcomes and academic integrity is
assessed, prompting discussions on assessment methodologies. Ethical and pedagogical
considerations of GAI are discussed, highlighting both potential benefits and concerns
related to originality and critical thinking.

These studies provide valuable insights into the potential of GAI tools in enhancing
higher education. However, there are certain areas that could be more comprehensive,
whereby the tendency to highlight the positive aspects of GAI integration could benefit
from a more balanced exploration of potential challenges and unintended consequences.
For instance, while the impact of tools like ChatGPT on student learning is explored, a
deeper investigation into how such tools might affect critical thinking skills and originality
in academic work could provide a more holistic understanding. Additionally, while the
studies touch on students’ acceptance of GAI technology, a deeper analysis of the socio-
cultural factors influencing students’ attitudes and perceptions is warranted. By addressing
these critical perspectives, future research in this area can provide a more nuanced and
comprehensive understanding of the role and impact of GAI in higher education.

3.4. Application of GAI in Medical Education

This section aims to provide an overview of research papers that discuss the integration
of GAI tools in healthcare, as shown in Table 4.

Table 4. The application of GAI in medical education.

Publications Authors Focus

The integration of
GAI tools in
healthcare

Sallam et al. (2023) [9]

Investigates the potential benefits and limitations of
incorporating ChatGPT into medical fields. The study
reveals the promising advantages of ChatGPT, such as
personalized learning, clinical reasoning support, and better
comprehension of complex concepts in medical education.
It highlights concerns related to data privacy, potential bias
in generated content, and possible negative effects on
critical thinking and communication skills.
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Table 4. Cont.

Publications Authors Focus

Waisberg et al. (2023) [42]

Investigates the potential applications of GPT-4 in
neurosurgery, revealing its ability to enhance precision and
effectiveness in neurosurgical practices, leading to
improved patient outcomes and advancements in the field.

Sevgi et al. (2023) [43]

Assesses the reliability of ChatGPT in neurosurgical
education, pointing out that while it provides interesting
responses, its credibility is compromised by the lack of
citations for scientific queries, suggesting caution in relying
solely on ChatGPT as an educational resource.

Šlapeta (2023) [44]

Explores the advantages of integrating large language
models, including ChatGPT, in parasitology education,
highlighting their potential to improve learning outcomes
and facilitate knowledge acquisition in the field.

Huh (2023) [45]

Compares ChatGPT’s knowledge and interpretive abilities
with those of medical students in Korea in parasitology,
revealing its inferior performance and indicating the need
for further refinement in specialized medical contexts.

Dolezal et al. (2023) [46]

Investigates the use of deep neural networks and
conditional generative adversarial networks (cGANs) to
generate synthetic histology for tumor classification,
showcasing its value as an educational tool for enhancing
understanding of tumor biology.

Skalidis et al. (2023) [47]

Examines ChatGPT’s performance in answering questions
from a post-graduate exam in core cardiology,
demonstrating its impressive success in handling
higher-level examination content and raising discussions on
its potential applications in diverse educational contexts
within cardiology.

The applications of
GAI in clinical
education and

practices

Corsello and Santangelo (2023) [48]

Discusses the potential impact of ChatGPT on future
pediatric research, highlighting positive effects such as
improved clinical decision-making and enhanced medical
education. However, the study also addresses concerns
about bias, fairness, and ethical considerations associated
with GAI utilization.

Lyu et al. (2023) [49]

Investigates the feasibility of utilizing ChatGPT for
translating radiology reports into plain language, revealing
its effective translation capabilities while noting occasional
occurrences of random or oversimplified responses that
require attention.

Abdel-Messih and Kamel Boulos (2023) [50]

Demonstrates ChatGPT’s ability to successfully pass the
United States Medical Licensing Examination (USMLE) by
effectively answering queries related to clinical toxicology,
showcasing its potential in this domain.

Oh et al. (2023) [51]

Explores the feasibility of integrating ChatGPT into surgical
education and training, acknowledging its successful
translation outcomes in radiology reports while also
recognizing the need to address occasional occurrences of
random or oversimplified responses.

Lee et al. (2023) [52]

Discusses the implications of GPT-4 for a chatbot specifically
tailored for the field of medicine. The study examines the
potential impacts of this well-educated chatbot on the
practice of medicine.
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Table 4. Cont.

Publications Authors Focus

The potential of GAI
in health education

and social interaction

Yang et al. (2023) [53]

Focuses on the utilization of ChatGPT in assisting children
with Down syndrome, conducting a literature review to
explore its advantages and limitations in various domains
for individuals with this condition. It highlights the
significance of ChatGPT as a valuable tool for promoting
cognitive development, education, and social interaction,
catering to the unique requirements of children with
Down syndrome.

Wang et al. (2023) [54]

Explores the role of GAI in pandemic response and future
medicine and conducts a comprehensive review of the
potential applications of AI and GAI in the prevention and
treatment of the COVID-19 pandemic.

The ethical
considerations and
responsible use of
GAI in healthcare

Cascella et al. (2023) [55]

Investigates the potential applications and limitations of
ChatGPT in healthcare, emphasizing the need to educate
stakeholders about the appropriate utilization of AI-based
language models in medicine while addressing the ethical
challenges they may present.

Gupta et al. (2023) [56]

Examines the use of ChatGPT in generating innovative
ideas in plastic surgery, highlighting its potential to
contribute to research and support various aspects of patient
care. However, ethical considerations must be taken into
account to ensure its responsible and beneficial application.

Masters (2023) [57]

Addresses concerns about the improper utilization of
ChatGPT by students and academics, emphasizing the
importance of addressing this issue to prevent misuse and
mitigate potential negative consequences.

The research papers in this section reveal a range of findings regarding the integration
of GAI tools in medical education and practice. Notably, ChatGPT and GPT-4 showcase
potential benefits, including personalized learning, improved comprehension of medical
concepts, and effective translation of radiology reports. However, concerns about data
privacy, potential bias, and impacts on critical thinking are brought to light. In clinical
education, these tools exhibit promise in enhancing decision-making and supporting
surgical training, although occasional random or oversimplified responses are identified
as areas of caution. Specialized medical fields, such as neurosurgery and parasitology,
show potential for GAI integration, but validation and context-specific refinement are
crucial. The application of GAI in health education for individuals with Down syndrome
highlights its significance in cognitive development and social interaction. Moreover,
GAI’s role in pandemic response and shaping future medicine proves noteworthy, with
AI models contributing to mitigating COVID-19 spread and suggesting new research
directions. Ethical considerations emerge as a common theme, emphasizing responsible
usage and preventing misuse of GAI tools in healthcare.

A critical perspective reveals that these papers sometimes tend to overlook significant
concerns such as data privacy, biases, and the risk of undermining critical thinking. Con-
sequently, future work should prioritize establishing ethical guidelines and governance
frameworks to address data privacy, bias, and transparency. Rigorous validation processes
are essential to ensure the accuracy and reliability of GAI-generated information. Contin-
uous research and development efforts are needed to enhance GAI capabilities for more
complex medical scenarios. Interdisciplinary collaboration can promote responsible and
effective integration of GAI in medical practices and education.
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3.5. Application of GAI in Nursing Education

In this section, we explore a few research papers that delve into the implications of
ChatGPT in nursing education (Table 5).

Table 5. The application of GAI in nursing education.

Publications Authors Focus

Potential and
implications
of ChatGPT

Choi et al.’s (2023) [58]

Examines the effects of ChatGPT on nurse education,
highlighting the importance of striking a balance between
AI integration and human interaction to ensure
comprehensive learning experiences.

Irwin et al. (2023) [59]

Discusses the broader implications of ChatGPT in nursing
and midwifery practice, stressing the potential benefits it
brings alongside the challenges in implementing this
transformative technology.

Ethical considerations of
using ChatGPT in
nursing education

Abdulai and Hung (2023) [60]

Delves into the ethical considerations of using ChatGPT in
nursing education, emphasizing the significance of aligning
AI integration with nursing’s core values to maintain the
profession’s unique identity.

Fostering critical
thinking skills among

nursing students.

Seney et al. (2023) [61]

Sheds light on ChatGPT’s role in enhancing clinical
judgment in nursing education and proposes a thoughtful
teaching strategy to address its limitations in generating
NCLEX-style questions.

Ahmed (2023) [62]

Takes a closer look at ChatGPT’s transformative impact on
personalized learning and clinical decision-making for
nurses while addressing the ethical considerations
surrounding its use.

Lo (2023) [63]

Introduces the CLEAR Framework, a valuable tool for
equipping nursing students with critical thinking skills,
enabling them to engage effectively with AI language
models and promoting responsible AI use in
nursing education.

The research papers in this section focus on the potential benefits of integrating GAI
into nursing education. These studies explore how AI can enhance patient care, information
literacy, and critical thinking skills among nursing students. The papers emphasize the
importance of balancing AI integration with human interaction for comprehensive learning
experiences and address ethical considerations. They delve into topics such as AI’s impact
on clinical judgment, broader implications in nursing practice, personalized learning, and
clinical decision-making. Frameworks are introduced to equip nursing students with
critical thinking skills for responsible AI engagement.

Future work in this domain is needed to address critical issues such as data privacy,
biases, and the potential threat of compromising human-centered nursing practices. This
can be achieved by establishing robust ethical guidelines and governance frameworks for
the integration of AI in nursing education. Additionally, rigorous validation processes are
essential to ensure the accuracy and reliability of AI-generated content.

3.6. Application of GAI in Communication

In this section, we explore a collection of research papers that delve into the applica-
tions and implications of GAI in communication education. These studies shed light on
how GAI models are revolutionizing research, education, journalism, and social media in
the context of communication, as shown in Table 6.
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Table 6. The application of GAI in communication.

Publications Authors Focus

GAI models are
revolutionizing in

the context of
communication.

Wang (2022) [64]

Focuses on machine translation, specifically examining the
use of generative adversarial network-based neural
machine translation models to improve Chinese–English
translation accuracy and naturalness.

Santandreu-Calonge et al. (2023) [65]

Investigates the advantages of natural language processing
tools, like ChatGPT, in addressing challenges such as jargon
and coordination issues. The authors emphasize the
importance of combining AI technologies with human
expertise to achieve effective communication and enhanced
patient outcomes.

GAI models are
revolutionizing

journalism

Pavlik (2023) [66]

Critically analyzes ChatGPT and discusses its implications.
The analysis highlights the transformative capacity of GAI
in shaping the future of journalism and media, highlighting
both the opportunities and challenges that arise from the
integration of AI in these fields.

Feng et al. (2023) [67]

Conducts a data-driven analysis using Twitter and Reddit.
Their research uncovers the profound influence of ChatGPT
on streaming media and highlights the potential of
integrating ChatGPT with visual generative models.

These studies showcase the effectiveness of GAI in improving machine translation
accuracy and its transformative potential in journalism and media education. Furthermore,
the impact of AI on streaming media is explored, providing an understanding of GAI’s role
in communication education.

The small number of papers provide a restricted view of the challenges and ethical
issues linked to biases and human interaction. These papers predominantly accentuate
the positive impacts of GAI. This highlights the need for further research to gain a holistic
understanding of GAI’s impacts on communication and strike a balance between tech-
nological advancements and maintaining authentic human engagement. Future research
could focus on developing and assessing AI-powered tools for communication skills, as
well as examining ethical implications and potential biases in GAI model implementation
in communication and journalism.

3.7. Application of GAI in Academia

This section examines a collection of research papers focusing on GAI’s impact on
research and its potential applications in different fields, as summarized in Table 7 below.

This section highlights the transformative impact of GAI in academia, showcasing
its potential benefits for higher education, research, and library services. The discussion
covers the advantages of AI technologies, natural language processing techniques, and
large language models in various domains. However, it also stresses the need to address
ethical concerns, algorithmic biases, and maintain academic integrity. Strategies to ensure
integrity and accuracy are explored to address these challenges. Additionally, the section
sheds light on the implications of GAI in library science.

Moving forward, future research should take a critical and interdisciplinary approach
to GAI integration in academia, considering a wide array of potential benefits and risks. It
is imperative to delve deeper into the ethical implications, potential biases, and algorithmic
transparency associated with GAI tools. Moreover, a more in-depth investigation into
the long-term effects of GAI on academic integrity, learning experiences, and research
methodologies is warranted.
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Table 7. The application of GAI in academia.

Publications Authors Focus

GAI and ethical
considerations in academia

Alqahtani et al. (2023) [68]

Highlights the transformative impact of (GAI) models, such
as GPT-4 and BARD, in higher education and research. They
explore the potential benefits of these technologies,
including text generation, data analysis, literature review,
and educational support. However, the authors also
emphasize the importance of addressing ethical concerns
and algorithmic biases to ensure responsible and effective
utilization of GAI in academia.

Cotton et al. (2023) [69]

Sheds light on the benefits and challenges associated with
the use of ChatGPT in higher education. The authors
emphasize the advantages of increased student engagement
and accessibility while addressing concerns related to
academic dishonesty. Strategies to detect and prevent
cheating are explored, highlighting the need for a proactive
and ethical approach to integrating AI tools.

Currie (2023) [70]

Focuses on the impact of ChatGPT on academic integrity in
nuclear medicine and radiology, acknowledging its
potential while highlighting limitations, such as errors and
fabrications. Emphasizes the ethical and responsible
integration of ChatGPT.

Dergaa et al. (2023) [71]
Examines the prospects and potential threats of ChatGPT in
academic writing, emphasizing the need to redefine norms
and adjust information expectations for ethical utilization.

Perkins (2023) [72]

Explores the implications of AI tools like ChatGPT on
academic integrity during formal assessments, addressing
concerns about undetectable original content generation.
The importance of transparent student use and updates to
academic integrity policies in higher education institutions
are emphasized throughout these papers.

GAI in library science

Inamdar (2023) [73]

Conducts a comprehensive investigation into the impact of
artificial intelligence text generators (AITGs) on library
services, resources, and staff roles, highlighting their
potential to enhance various aspects of library operations
and accessibility.

Frederick (2023) [74]

Focuses on information environments and explores the role
of ChatGPT in libraries, analyzing current discussions and
historical developments. The paper uncovers the potential
risks and benefits associated with ChatGPT, providing
valuable guidance for librarians to navigate the implications
of this technology and emphasizing the importance of
librarians acquiring knowledge about AI to adapt to
changing information landscapes.

3.8. Application of GAI in General Education

In this section, we delve into the general applications of GAI in education. While
earlier sections have explored the use of GAI in specific domains, such as medical education,
higher education, engineering education, and more, this section broadens the scope to
encompass the wider applications of GAI in education. To provide a structured analysis of
this topic, the content is divided into several subsections. This section, therefore, covers a
review of a wide range of applications and considerations regarding the integration of GAI
in education, as discussed in Table 8 below:
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Table 8. Application of GAI in general education.

GAI Application Authors Focus

Technology
Adoption and
Integration in

Education

Al Ghatrifi et al. (2023) [75],
Geerling (2023) [76],
Skavronskaya et al. (2023) [77],
Elnozahy and El Khayat (2023) [78],
Aydın and Ayhan Erdem (2022) [79],
Cooper (2023) [80],
Su and Yang (2023) [81],
Murugesan and Cherukuri (2023) [82],
Hsu and Ching (2023) [83],
Mørch and Andersen (2023) [84],
Gentile et al. (2023) [85],
Jangjarat et al. (2023) [86],
Tlili et al. (2023) [87],
Lodge et al. (2023) [88],
Chen et al. (2020) [89],
Luo et al. (2023) [90],
Kasneci et al. (2023) [91],
Golovianko et al. (2023) [92],
Ye and Bors (2022) [93].

• AI, blockchain, and big data analysis applicability in accounting
education systems.

• ChatGPT and AI as tools for sophisticated evaluation methods.
• Ethical integration of AI in tourism education.
• AI decision-making support across various languages

and contexts.
• AI technologies in different linguistic and cultural settings.
• Benefits and drawbacks of integrating LLMs, like ChatGPT,

in education.
• Educative AI framework that highlights personalized learning

experiences and efficient feedback.
• Responsible GAI implementation while optimizing the advantages

of GAI in an ethical manner.
• Uses, benefits, and concerns of GAI in education.
• Human-centered AI approach in education to balance technology

integration with pedagogical principles and learner needs.
• Manifesto to guide educators through the AI transformation;

focuses on proactive measures to integrate AI into
teaching practices.

• Public’s acceptance of ChatGPT and the importance of considering
human interaction factors.

• Importance of responsible integration and the need for further
research to ensure safe and ethical use of AI in education.

• Impact of GAI on tertiary education.
• Review of artificial intelligence in education.
• ChatGPT’s roles and challenges in early childhood education.
• Opportunities and challenges of large language models, including

ChatGPT, in education.
• Pi-Mind agent, a cognitive digital clone designed to emulate

human decision-making processes.
• Teacher–student network framework that combines GAN and

Variational Autoencoder (VAE) to enable lifelong learning.

Classroom Design
and Learning
Environment

Karadag et al. (2022) [94],
Vartiainen and Tedre (2023) [95],
Zhai et al. (2023) [96],
Sarr et al. (2020) [97].

• Education AI model for generating adaptable and functional
classroom layouts.

• Using text-to-image GAI in craft education.
• MACHE-Bot, an AI dialogue system, enhances the learning

experience through humor and empathy.
• Djehuty, an AI-powered educational gamified environment that

addresses literacy challenges in resource-constrained settings.

Assessment
Practices and

Academic
Integrity

Geerling (2023) [76],
Bauer et al. (2023) [98],
Farrokhnia et al. (2023) [99],
Howell and Potgieter (2023) [100],
Huang and Khan (2023) [101],
Ibrahim et al. (2023) [102],
Sung et al. (2019) [103],
Lo (2023) [104],
Ajevski et al. (2023) [105],
Johinke et al. (2023) [106].

• Questioning traditional assessment methods and highlighting AI’s
potential in education.

• A comprehensive framework to enhance peer-feedback processes.
• ChatGPT’s strengths in generating credible responses and

personalized learning experiences and limitations in
comprehension and potential biases.

• Concerns about the authenticity and credibility of AI-generated
student work.

• AI and machine learning techniques for assessing complex
competencies in education.

• Evaluating ChatGPT’s efficacy in university-level courses.
• Short answer grading using transformer-based pre-training.
• Updating assessment methods, implementing policies, and

educating instructors and students on ChatGPT’s implications.
• Adapted assessment strategies and responsible integration of AI.
• Importance of upholding educational values while incorporating

AI-powered writing generators, like ChatGPT.
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Table 8. Cont.

GAI Application Authors Focus

Language
Instruction

Kovačević (2023) [107],
Zhao and Song (2022) [108],
Tang and Deng (2022) [109],
O’Leary (2023) [110],
Yan (2023) [111].

• The potential of ChatGPT in English for Specific Purpose (ESP)
teaching and learning and how it enhances lesson planning,
execution, and assessment of written assignments.

• AI-assisted feedback system for English language classes.
• AI-based expert system to enhance students’ interest, learning

strategies, and English language abilities.
• Comparative analysis of language chatbots.
• ChatGPT’s potential to enhance writing efficiency and workflow in

Language 2 (L2) writing classrooms, concerns about academic
integrity, and the need for policies and pedagogical guidance for
responsible usage.

Ethics and
Responsible

GAI Use

Kooli (2023) [13],
Bearman and Ajjawi (2023) [112],
Fernandez (2023) [113],
Bahrini et al. (2023) [3],
Ray (2023) [114],
Singh and Singh (2023) [115],
Danry et al. (2022) [116],
Ali et al. (2021) [117].

• The need for adaptation, heightened awareness, and thoughtful
ethical considerations to harness AI’s positive impact.

• A pedagogical approach to equip learners with skills to navigate
AI systems.

• Understanding societal boundaries and ethical standards to foster
critical engagement.

• Opportunities, threats, and limitations of ChatGPT, and the
importance of human expertise.

• Balance between AI-assisted innovation and human expertise.
• The need for multidisciplinary research to understand and harness

its potential.
• Positive applications and ethical implications of AI-generated

characters, including design considerations and potential impact
in entertainment, education, and therapy.

• Understanding GAI techniques and assessing the societal
implications of misinformation through a curriculum for middle
school students.

Subject-Specific
Education and

Skills
Development

Adams et al. (2023) [118],
Bearman and Ajjawi (2023) [112],
Emenike and Emenike (2023) [119],
Agathokleous et al. (2023) [120],
Kooli (2023) [13],
Hallsworth et al. (2023) [121],
Megahed et al. (2023) [122],
Ivanov and Soliman (2023) [123],
Fergus et al. (2023) [124],
Siche and Siche (2023) [125],
Uddin et al. (2023) [126],
Wolfert et al. (2022) [127].

• Enriching curricula with sustainable development goals (SDGs)
through improved keyword analysis.

• Equipping learners with skills to navigate AI systems and
understand ethical standards associated with AI in a
relational context.

• Implications of AI programs, like ChatGPT, in
chemistry education.

• Potential advantages of ChatGPT and similar AI technologies in
biology and environmental science.

• Effective regulations and ethical values to safeguard
educational integrity.

• The role of theory-based approaches in biology, the importance of
human engagement in scientific innovation, and the value of
non-mainstream research.

• Application of ChatGPT in the domain of statistical process
control (SPC).

• Implications of ChatGPT in tourism education and research.
• Application of ChatGPT in addressing chemistry

assessment queries.
• Potential applications of ChatGPT in the agricultural and

livestock industry.
• Effectiveness of ChatGPT in enhancing hazard recognition

capabilities among construction students.
• Integrating Building Information Models (BIM) with diverse

information systems in construction projects by introducing the
novel concept of Open Design Learning (ODL).
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Table 8. Cont.

GAI Application Authors Focus

Learning
Outcomes and

Student
Engagement

Wu and Yu (2023) [128],
Muñoz et al. (2023) [129],
Crawford et al. (2023) [130],
Shoufan (2023) [131],
Gardner and Giordano (2023) [132],
Hemachandran et al. (2022) [133],
Limo et al. (2023) [134],
Alnaqbi and Fouda (2023) [135],
Jeon and Lee (2023) [136],
Dijkstra et al.(2023) [137],
Pataranutaporn et al. (2022) [138].

• Human-like avatars, gamification elements, and emotional
intelligence in chatbot design to further enhance
learning outcomes.

• Enhanced learning outcomes through the integration of ChatGPT
into education.

• ChatGPT for character development and authentic assessments in
higher education.

• Senior computer engineering students’ perceptions of using
ChatGPT in learning activities.

• The importance of communication and teamwork skills is
highlighted by the value of oral exams in physical
chemistry classrooms.

• The need for improved communication and information exchange
within the classroom.

• Influence of factors such as students’ perception, satisfaction, and
engagement on the utilization of ChatGPT for
personalized tutoring.

• Utilization of ChatGPT and social media for collecting real-time
student feedback on teaching styles in higher education.

• Collaborative nature of teacher–AI interaction and the importance
of teachers’ pedagogical expertise.

• EduQuiz, an all-encompassing quiz generator that utilizes a
fine-tuned GPT-3 model.

• Influence of learning from an AI-generated virtual instructor
resembling an admired individual.

Challenges and
Considerations in

AI Integration

Shu et al. (2021) [139],
Wardat et al. (2023) [140],
Halaweh (2023) [141],
Lim et al. (2023) [142],
Hwang and Chen (2023) [143],
Yu and Guo (2023) [144],
Dwivedi et al. (2023) [145].

• Vulnerability of STEM learners to AI-generated misinformation.
• Perspectives of students and educators on using AI.
• Analyzed the concerns expressed by educators regarding the

integration of ChatGPT in educational settings.
• A comprehensive framework for the future coexistence of GAI

and education.
• GAI applications, challenges, and future research directions.
• GAI and ChatGPT’s current status, issues, and prospects in

educational settings.
• Opportunities, challenges, and implications of generative

conversational AI for research, practice, and policy.

Pedagogical
Approaches and

Teaching Methods

Javed et al. (2022) [146],
Bauer et al. (2023) [98],
Karaali (2023) [147],
Lawrie (2023) [148],
Robertson and Muirhead (2022) [149],
Álvarez-Álvarez and
Falcon (2023) [150].

• Proposed the BAG model (Build, Assess, and Govern) as a
teaching paradigm.

• A comprehensive framework to enhance peer feedback processes.
• Challenges of teaching quantitative literacy and reasoning

alongside language-based AI systems, like ChatGPT.
• Teachers’ adaptability and creativity in incorporating AI tools into

their instructional approaches.
• Gaps in curriculum and educational policies, emphasizing the

need for interdisciplinary approaches.
• Students’ preferences regarding university teaching methods.

The remaining part of this section synthesizes and discusses the applications of GAI
in general education across each subcategory of papers outlined in Table 8.

Technology Adoption and Integration in Education—The findings demonstrate im-
proved learning outcomes, enhanced student engagement, and the potential for person-
alized learning experiences. However, ethical considerations, responsible usage, and
addressing limitations are crucial. Future work necessitates a more critical perspective
in developing nuanced guidelines and policies, cautiously navigating interdisciplinary
collaboration and fostering genuinely informed critical thinking skills. This is imperative
to ensure that AI integration in education addresses complex challenges effectively and eth-
ically. Additionally, an in-depth exploration of the lasting repercussions of AI technologies
on education is crucial, surpassing superficial assessments and delving into their potential
to reshape fundamental educational dynamics.
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Classroom Design and Learning Environment—The papers in this category highlight
the significance of incorporating technology and GAI in creating effective learning envi-
ronments. The research demonstrates the potential of AI models to automate classroom
design, optimize learning spaces, and enhance the learning experience through interactive
dialogue systems and gamified environments. However, it is crucial to acknowledge the
potential pitfalls, like algorithmic biases and copyright concerns. Moving forward, there is a
pressing need to prioritize the promotion of AI interactions that are inclusive and culturally
sensitive. Moreover, the development of AI-powered solutions tailored to resource-limited
educational contexts should be a key focus of future endeavors.

Assessment Practices and Academic Integrity—The research highlights the superior
performance of AI chatbots, such as ChatGPT, in subject-specific exams and the potential
of natural language processing techniques to enhance peer feedback processes. However,
concerns regarding authenticity, credibility, systematic errors, and the risk of plagiarism
are raised, underscoring the need for caution and the responsible integration of AI tools in
educational assessments. While the papers touch on the importance of updating assessment
strategies, policy implementation, instructor training, and student awareness about AI’s
impact on evaluations, a more in-depth analysis of these measures’ efficacy is warranted.
To advance, it is crucial to fine-tune AI models for assessment precision, tackle biases and
accuracy concerns, and establish robust guidelines and ethical standards to govern AI’s
role in educational assessments.

Language Instruction—The publications demonstrate how integrating AI chatbots into
language instruction can offer personalized support, optimize learning experiences, and
address diverse language proficiencies. However, a more critical viewpoint uncovers the
apprehensions surrounding the preservation of academic integrity and equitable learning
experiences. While the potential gains are evident, the unexplored territory of AI’s potential
biases and fairness concerns necessitates not only policy frameworks but also a deep
reevaluation of instructional strategies.

Ethics and Responsible GAI Use—These papers highlight the importance of ethical
considerations and the responsible use of AI systems, particularly chatbots like ChatGPT,
in education and research. These works shed light on the merits, shortcomings, obstacles,
and debates surrounding such technologies. Looking ahead, it is imperative that forthcom-
ing efforts concentrate on interdisciplinary investigations to confront ethical difficulties,
integrate conscientious AI education into academic curricula, and promote collaborative
endeavors aimed at formulating comprehensive regulations and principled directives.

Subject-Specific Education and Skills Development—The reviewed research papers
shed light on the potential applications of GAI in specific educational domains, including
sustainability education, digital skills development, chemistry education, biology and envi-
ronmental science, and construction education. The findings indicate that GAI technologies,
such as ChatGPT, have the ability to simplify complex tasks, expedite education and re-
search processes, enhance hazard recognition capabilities, promote safety management
practices, and facilitate interdisciplinary approaches. However, the papers also acknowl-
edge the limitations and potential risks associated with the utilization of GAI, such as
concerns about data privacy, biases, and the need for human engagement. Moving forward,
future work should focus on the seamless integration of sustainability education into AI
learning frameworks, a dedicated commitment to addressing issues of equity and accessi-
bility to ensure that the benefits of GAI are universally accessible, and a diligent pursuit of
strategies to maximize the advantages that GAI offers while concurrently taking proactive
steps to mitigate the inherent risks that come with its implementation.

Learning Outcomes and Student Engagement—The papers highlight the positive im-
pact of GAI, such as AI chatbots and virtual instructors, on students’ learning outcomes and
engagement. The findings demonstrate improvements in learning outcomes, motivation,
and engagement when utilizing AI chatbots, like ChatGPT. However, a more discerning
analysis beckons for heightened scrutiny in various aspects. This includes the imperative
refinement of AI chatbot design, probing into alternative assessment strategies, enhancing
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the interaction between AI and educators, and undertaking an in-depth exploration into
the long-term impact of AI on student motivation and engagement.

Challenges and Considerations in AI Integration—The related papers shed light on
the obstacles and considerations associated with integrating GAI, such as ChatGPT, into
education. These studies emphasize the importance of addressing concerns related to
AI-generated misinformation, ensuring the secure integration of AI in education, and
promoting responsible implementation practices. The findings underscore the need for
raising learners’ awareness about the potential influence of AI on their learning and fur-
ther research to ensure the conscientious and secure integration of AI technologies, like
ChatGPT, in educational settings. The future trajectory in this field involves developing
comprehensive strategies and guidelines to address challenges while conducting further re-
search on AI integration’s impact on student learning outcomes. This avenue of exploration
aims to formulate effective approaches to counter challenges and rigorously investigate
how AI integration influences students’ academic achievements.

Pedagogical Approaches and Teaching Methods—The papers shed light on innovative
instructional practices and frameworks that integrate AI technologies into education. The
findings offer insights into teaching ethics in AI courses, enhancing peer feedback pro-
cesses through natural language processing techniques, addressing challenges in teaching
quantitative literacy alongside language-based AI systems, and showcasing the integration
of AI to support student learning. The papers also emphasize the importance of interdisci-
plinary collaboration. Future endeavors could dedicate their focus to meticulously refining
and substantially expanding the currently presented pedagogical methodologies. Delving
deeper, a crucial area of investigation could encompass understanding the enduring ef-
fects of AI integration on the overall learning achievements of students, shedding light on
potential shifts in learning dynamics, cognitive development, and critical thinking skills
over the long term. Furthermore, it becomes imperative to navigate the intricate field of
ethical considerations, delving into the multifaceted implications of AI technologies within
educational contexts.

To sum-up the findings in this section, Figure 3 provides a comprehensive visualization
and categorization of the diverse applications of GAI in the field of education. This spider
graph employs a two-tier structure to present the information effectively. The initial tier
highlights the primary themes that have been central to a majority of applications. The
proportional sizing of the circles reflects the prevalence of these themes, representing the
number of applications and associated publications in each domain. Furthermore, within
each thematic category, a secondary layer delineates specific keywords, encapsulating the
nuances of each area. The size of these sub-circles corresponds to the prominence of these
keywords, which are characterized by their density and the number of related research
publications. This elaborate spider graph succinctly encapsulates the breadth and depth of
GAI’s influence in education, providing an illuminating snapshot of the ongoing research
endeavors and practical implementations in this field.
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Figure 3. Summary of GAI research and applications in education.

4. Bibliometric Analysis

In this section, we embark on a comprehensive bibliometric analysis that delves
into the field of GAI within the context of education. By examining a vast collection of
existing articles and publications retrieved from the Scopus database, we seek to provide a
deeper understanding of the current state of research and innovation in this evolving field.
Through systematic literature screening and data analysis, we aim to uncover valuable
insights, trends, and implications surrounding GAI’s integration and impact on teaching
and learning in educational settings. This exploration will shed light, for example, on the
interdisciplinary nature of GAI research, key AI tools employed, the geographic distribution
of contributions, and the diverse fields within education where GAI finds its applications.
As we navigate through the findings and visualizations, we uncover the growth trajectory of
GAI research, observe patterns of co-occurrence between terms, and ascertain the prominent
applications of GAI tools, like ChatGPT, in educational settings.

To provide an in-depth analysis of the current state of GAI in education, we utilized
VOSviewer to generate five types of visualization maps. These maps are designed to
provide a comprehensive analysis of the topic. Each map consists of circles that represent
different items such as publications, researchers, or terms. The size of the circle and the
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font within it indicate the level of activity associated with that item. A larger circle and a
bigger font size indicate a higher level of activity, whereas a smaller circle and a smaller
font size suggest less activity. The distance between any two terms in the diagram reflects
the degree of association between them. A shorter distance signifies a stronger correlation,
whereas a longer distance indicates a weaker correlation [151].

4.1. Co-Occurrence Map Based on Text Data

The relevant and frequently occurring terms were identified by analyzing the text data
of the 217 selected publications. The analysis of text data looks to extract relevant terms from
the titles and abstracts of the selected articles and constructs a network of co-occurrence
links between them [151]. This analysis enables us to detect any emerging developments
and identify impactful terms within the field of GAI in education. A total of 4408 terms
were generated, out of which 102 terms meet the minimum threshold of 10 occurrences. To
further narrow down the selection of terms, VOSviewer calculated a relevance score for
each term, and the top 60% most relevant terms were selected, resulting in the 61 terms that
were displayed in the network seen in Figure 4. Terms with a high relevance score represent
more specific topics covered by the text data, while terms with a low relevance score tend
to be of a general nature [151]. A thesaurus was created and uploaded to VOSviewer for
the standardization of keywords and the elimination of duplicate terms [152].

Figure 4. Co-occurrence map of text data.

The findings in Figure 4 demonstrate the diverse range of research and exploration
within the field of GAI in education. The interconnected web of key terms suggests that
the research on GAI has encompassed the areas of assessment, teaching, research, higher
education, academic integrity, and ethics. The findings also highlight GAI’s revolution-
ary potential with the appearance of terms such as “opportunity” and “effectiveness”.
Additionally, the terms that are directly linked with GAI are shown in Figure 5.
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Figure 5. Terms directly connected with “Generative Artificial Intelligence”.

The findings in Figure 5 indicate a strong relationship between GAI and “Generative
Pre-training Transformers” (GPT), which are a type of large language model (LLM). GPTs,
such as ChatGPT, have emerged as foundational technologies in GAI and have demon-
strated their capabilities in various applications. The integration of GPTs in educational
contexts, particularly in the development of AI chatbots, has the potential to enhance
learning experiences through personalized interactions, intelligent feedback, and adaptive
learning pathways. This raises questions about the impact of GAI on student engagement,
motivation, and learning outcomes. Additionally, the association between GAI and terms
such as opportunity, question, response, and assessment highlight the diverse applica-
tions of GAI in educational contexts. GAI has the potential to support various aspects of
teaching and learning, including generating questions, providing responses, and assessing
student performance. The use of GAI in assessments raises concerns about the fairness and
reliability of automated grading systems. It is crucial to examine the validity and equity
of GAI-based assessment methods to ensure that they align with established educational
standards and principles of fairness.

The ten most frequently occurring terms and their number of occurrences can be
seen listed below in Table 9. Also listed in the table is the relevance score for each term.
The relevance score for each term is calculated by VOSviewer. For each term, VOSviewer
determines the distribution of (second order) co-occurrences over all terms and then com-
pares it to the overall distribution of co-occurrences over terms. The larger the difference
between the two distributions (measured using the Kullback–Leibler distance), the higher
the relevance of a term [153]. Table 9 provides an insightful analysis of the key terms
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frequently encountered in the context of GAI in education. These terms shed light on
the diverse aspects of GAI’s integration into educational practices. The term “System”
suggests the broader framework within which GAI operates, emphasizing the need for
systematic implementations. “Response” indicates the generation of AI-driven outputs,
while “Question” signifies GAI’s potential to create queries and foster interactive learning
environments. “Concern” highlights the importance of addressing ethical and practical
considerations when employing GAI in education. “Opportunity” underscores the posi-
tive prospects that GAI offers in enhancing educational experiences and outcomes. The
prominence of “Generative Pre-training Transformers (GPT)” demonstrates the pivotal
role of advanced language models, like ChatGPT, in driving GAI applications. Terms like
“Assessment” and “Capability” indicate GAI’s relevance in evaluating student performance
and its potential to augment educational capabilities. This analysis unveils the nuanced
facets of GAI in education, encompassing both its capabilities and the essential aspects that
demand attention for responsible implementation.

Table 9. Top 10 terms by occurrences.

Rank Term Occurrences Relevance Score

1 System 39 0.8012
2 Response 38 1.4718
3 Concern 35 0.8416
4 Question 34 1.1378
5 Opportunity 30 0.8361
6 GPT 28 1.0504
7 Information 27 1.4886
8 Assessment 26 0.6512
9 Way 25 1.134
10 Capability 25 0.5872

4.2. Co-Occurrences Map Based on Keywords

The keywords that occur frequently were identified by analyzing the bibliographic
data of the 217 selected publications. A total of 1204 keywords were found, out of which
50 were selected, where the minimum number of occurrences of those terms was limited
to 6 (Figure 6). A thesaurus was also used in VOSviewer to standardize keywords and
eliminate redundant duplicate terms. This analysis looks at all keywords, including both
author keywords and index keywords. Author keywords are specific keywords chosen and
provided by the authors of the articles themselves, while index keywords are keywords
that have been assigned by indexers or databases to classify and categorize the articles for
the purpose of information retrieval and indexing.

Some of the most common keywords identified include “Artificial intelligence”, “Chat-
GPT”, “Education”, and “Human”. A list of the ten most frequently used keywords,
their occurrences, and their total link strength can be found in Table 10. The total link
strength indicates the total strength of the co-occurrence links of a given keyword with
other keywords [151].

Table 10 presents a comprehensive analysis of the most frequently occurring keywords
in the domain of GAI in education, offering valuable insights into the prominent themes
and research areas. The top ten keywords are indicative of the central focus and key aspects
of GAI’s integration into educational contexts. “Artificial intelligence” emerges as the most
prevalent keyword, reflecting the overarching role of AI technologies in transforming edu-
cational practices. “ChatGPT” follows closely, showcasing the widespread recognition and
utilization of this AI chatbot in educational applications. “Education” and “Human” hold
significant positions, highlighting the significance of GAI in shaping learning experiences
and considering human aspects in the educational process. “Education computing” signi-
fies the intersection of computing technologies and education, while “Machine learning”
underscores the pivotal role of ML algorithms in GAI applications. “Medical education”
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and “Natural language processing” reveal GAI’s potential in healthcare education and
language-based learning environments. Lastly, “Students” emphasizes the focus on learners
and their experiences, reflecting the student-centric approach that GAI-driven educational
interventions strive to achieve. These keywords depict the breadth and depth of GAI
research in education, with an emphasis on AI-driven technologies, human-centric design,
and transformative potential in diverse educational settings.

Figure 6. Co-occurrence map of all keywords.

Table 10. Top 10 keywords by occurrences.

Rank Keyword Occurrences Total Link Strength

1 Artificial intelligence 111 97
2 ChatGPT 88 69
3 Education 41 37
4 Education computing 19 18
5 Human 41 41
6 Humans 26 26
7 Machine learning 21 18
8 Medical education 19 19
9 Natural language processing 19 18
10 Students 24 21

To further the analysis, two additional keyword maps were generated. Firstly, a map
of the most common author keywords was generated. The keywords were limited to a
minimum of five occurrences, which resulted in a total of twenty-five author keywords in
the network visualization (Figure 7). Similarly, a map of the most common index keywords
was created. The keywords were also limited to a minimum of five occurrences, which
resulted in a total of thirty-nine index keywords in the map (Figure 8).
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Figure 7. Co-occurrence map of author keywords.

Figure 8. Co-occurrence map of index keywords.

The analysis of keywords reveals the central focus of GAI research in education, with
terms such as artificial intelligence, ChatGPT, and education featuring prominently. This
emphasizes the significance of AI technologies in transforming educational practices and
the need for collaborations between AI experts and educators. The inclusion of medical
education-related keywords suggests potential applications of GAI in healthcare education.
GAI has the potential to support medical training, enhance diagnostic processes, and
improve patient care.

4.3. Co-Occurrence Map Based on Country of Co-Authorship

Furthermore, the data analysis enabled us to examine the geographic distribution of
these publications. The visualization map was generated for the countries of co-authorship
by setting the minimum number of documents of a country to five. Of the 69 countries
with publications, 20 met the threshold, and the results are depicted in Figure 9.
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Figure 9. Country of co-authorships.

Most publications appeared from English-speaking countries (USA, Australia, and the
UK), followed by India, Germany, and China. The ten countries with the strongest links on
the map are listed in Table 11.

Table 11. Top 10 countries by link strength.

Rank Country Documents Citations Total Link Strength

1 United States 73 334 59
2 Australia 26 102 31
3 United Kingdom 15 89 29
4 New Zealand 8 67 27
5 India 15 98 20
6 Germany 11 75 19
7 Hong Kong 7 211 19
8 Italy 7 63 17
9 Saudi Arabia 6 40 17

10 Switzerland 5 45 16

Table 11 presents the top 10 countries based on their contributions to GAI research in
education. The United States leads the list, indicating its central role in GAI-related studies.
Australia and the United Kingdom follow closely, showcasing their active engagement in
the field. New Zealand, India, Germany, Hong Kong, Italy, Saudi Arabia, and Switzerland
also feature, reflecting their emerging roles in GAI research within the educational context.

The geographical distribution of publications demonstrates widespread global interest
and collaboration in exploring the potential of GAI in education. Moreover, the distribution
indicates the dominance of English-speaking countries such as the United States, Australia,
and the United Kingdom. This aligns with the global prominence of these countries
in educational research and technological advancements. However, it is worth noting
the increasing contributions from countries like India, Germany, and China, suggesting
a broader global interest in GAI in education. Collaboration and knowledge sharing
across countries and regions can further propel advancements and foster cross-cultural
perspectives in GAI research.

4.4. Co-Occurrence Map Based on Authorship

A further analysis looks at investigating the authorship relations across the multitude
of authors of the publications. The network visualization map was limited to authors with
a minimum of five citations. Out of the 682 authors, 144 met the threshold, and the largest
set of connected authors included 23 authors. The resulting network visualization, depicted
in Figure 10, presents a complex web of links connecting these 23 authors.
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Figure 10. Co-occurrence map of authors.

The network visualization consists of a large network of links connecting the authors,
which showcases the collaborative and interdisciplinary nature of the research being
conducted within the field of GAI in education. Moreover, it demonstrates how researchers
from diverse backgrounds and institutions come together to advance knowledge and
innovation in this area. By highlighting these connections, the visualization fosters a better
understanding of the knowledge-sharing dynamics and the collective effort behind the
advancements in GAI in education. This insight can prove invaluable in identifying key
contributors, potential research trends, and opportunities for further collaboration and
development within the field.

The top 10 authors in terms of documents produced and citations can be seen in
Tables 12 and 13, respectively. The total link strength in each table indicates the total
strength of the co-occurrence links of a given author with other authors [151].

Table 12 depicts the key contributors of research in the domain of GAI in education.
The relatively high number of documents, citations, and total link strength demonstrates
the great influence and contribution of the authors.

Table 12. Top 10 authors by documents produced.

Rank Author Documents Citations Total Link Strength

1 Ali S. 4 23 13
2 Breazeal C. 4 23 13
3 Denny P. 4 30 12
4 Fischer F. 3 30 22
5 Becker B.A. 3 29 12
6 Dipaola D. 3 23 12
7 Finnie-Ansley J. 3 29 12
8 Luxton-Reilly A. 3 29 12
9 Prather J. 3 29 12

10 Cowling M. 3 9 3
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Table 13. Top 10 authors by citations.

Rank Author Documents Citations Total Link Strength

1 Hwang G.-J. 2 162 3
2 Chen X. 1 162 3
3 Xie H. 1 162 3
4 Zou D. 1 162 3
5 Thorp H.H. 1 116 0
6 Stokel-Walker C. 1 51 0
7 Chartash D. 1 47 6
8 Chi L. 1 47 6
9 Gilson A. 1 47 6

10 Huang T. 1 47 6

Similarly, Table 13 identifies key contributors who have been influential through their
publications within this domain. Notably, the top four authors, namely Hwang G.-J., Chen
X., Xie H. and Zou D., all have an impressive citation count of 162. This exceptional citation
count comes from their highly influential research paper titled “Application and theory
gaps during the rise of Artificial Intelligence in Education”, which played a vital role in
exploring the applications of AI in education in 2020, contributing significantly to the early
development of the field [89].

4.5. Data Analysis on Article Sources

To investigate the different sources of the 217 publications, a list of all unique sources
was created and then ordered from the highest number of articles to the lowest. A total
of 152 unique sources were found. The sources with the highest number of publications
were “Computers and Education: Artificial Intelligence” and the “Journal of University
Teaching and Learning Practice”, with five publications each. A bar graph showcasing the
top 10 sources by number of publications can be found in Figure 11.

 

Figure 11. Bar graph of the top 10 sources by number of publications.

The analysis of article sources, therefore, presents a compelling picture of the interdis-
ciplinary nature of GAI research in education, drawing insights from various fields such
as computer science, education, and even the medical field. The convergence of expertise
from diverse disciplines underscores the significance of collaborative efforts in addressing
the complex challenges associated with GAI implementation in education.
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4.6. Data Analysis on Document Type, Fields, GAI Tools Used, and Research Types

In this section, we classified the 217 publications based on their type, field of study, GAI
tools used, and paper types. Figure 12 presents an analysis of the occurrences of various
document types from Scopus. Notably, the most common document type is “Article”,
which appears 99 times, highlighting its preeminent role as the primary form of publication
within the dataset. “Article” is followed by “Note”, with 23 occurrences, and “Conference
Paper” and “Review”, with 20 and 18 occurrences, respectively. Moderately represented
are “Letter” and “Editorial”, each occurring 17 and 11 times, respectively. Conversely,
“Short Survey” is the least common, appearing only once. The dominance of scholarly
articles in the dataset aligns with the typical composition of academic databases like Scopus,
emphasizing their pivotal role as reliable sources of scientific information.
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Figure 12. Occurrences of document types.

Additionally, the analysis delves further into the field, revealing 21 distinct disciplines
within the dataset, with the top 10 most prevalent fields illustrated in Figure 13. It is crucial
to acknowledge that papers falling into multiple categories, such as higher education and
academia, were individually counted as separate occurrences.

As depicted in Figure 13, the majority of the papers encompass a broad scope of
education and fall under the “general education” category, comprising 104 occurrences.
Additionally, our analysis reveals the integration of GAI in various educational frame-
works across different fields. Particularly noteworthy is the significant number of papers
originating from the medical field, with 43 occurrences, indicating the growing adoption
of GAI in both medical and educational contexts. Academia-related papers account for
21 occurrences, further highlighting the relevance of GAI in academic research. More-
over, we observed GAI’s intersection with specific disciplines, such as computer science
education, nursing education, and engineering education, with thirteen, nine, and nine
occurrences, respectively. Lastly, it is worth mentioning the representation of GAI in other
fields, including higher education and communication education, with eight and six occur-
rences, respectively, showcasing the diverse applications and potential of this technology
in various educational domains.
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Figure 13. Occurrences of unique fields in education.

Moving forward, we conducted an analysis of the AI tools utilized in each paper,
providing valuable insights into the tool landscape within the field of GAI in education
(Figure 14). It is important to note that some papers utilize multiple AI tools, with each tool
recorded as a distinct occurrence. Particularly noteworthy is the dominance of ChatGPT,
which features in a significant number of papers, with a staggering 151 occurrences. This
remarkable prevalence highlights the widespread recognition and adoption of ChatGPT
within educational contexts, underlining its efficacy in generating coherent and contextually
relevant responses for educational applications.
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Figure 14. Occurrences of AI tools.

AI-powered Chatbots, such as BlenderBot and LaMDA, and AI text generators (AITG)
appear in the dataset, albeit with lower frequencies [73,110]. Tools such as Codex and
GitHub Copilot, which translate natural language to code, appear in a limited number of
papers [5,154]. BERT, a method of pre-training language representations, and Conditional
GAN, a type of GAN that involves the conditional generation of images by a generator
model, appear a few times in the dataset. Other unique tools with a low number of
occurrences include EDU-AI, a model for generating adaptable and functional classroom
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layouts [94], MACHE—bot, an AI dialogue system [96], and Djehuty (AI), an AI-powered
educational gamified environment [97]. Furthermore, several papers do not specify a
particular tool and instead use more general terms, like “GAI” and “AI”, to describe the
approaches they employed.

Then, we outlined the types of research in the context of GAI in education to gain
valuable insights into the nature and focus of the scholarly work conducted in this field
(Figure 15).
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Figure 15. Occurrences of research types in education.

The most prevalent type of research is “General”, with 70 occurrences. This suggests a
broad range of papers that cover a wide array of topics, methodologies, and perspectives
within the domain of GAI in education. Following general papers, “Analysis” emerges as
the second most common type, appearing in 47 papers. This indicates a significant emphasis
on examining and interpreting data, models, or educational contexts through analytical
lenses, allowing for a deeper understanding of the implications and applications of GAI.
“Assistance” is the third most frequent type, featured in 37 papers. This underscores the
relevance of research aimed at developing AI systems that provide support and guidance
to learners or educators. It suggests a strong interest in exploring how GAI can serve
as an intelligent assistant in educational settings. “Learning”, “Teaching”, and “Testing”
papers follow with 21, 18, and 17 occurrences, respectively. These types highlight the
focus on investigating how GAI can enhance and optimize various aspects of the learning
and assessment processes within educational environments. Moreover, “GAI Threats”,
“Tutoring”, “Research”, and “Interaction” types make appearances in a more limited
number of papers. These occurrences highlight specific areas of interest, such as addressing
potential threats associated with GAI in education, exploring the use of AI systems in
tutoring scenarios, conducting research studies, and examining interaction dynamics.
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5. Conclusions and Future Research

AI has emerged as a revolutionary force in the era of rapid technological advancements,
profoundly transforming various aspects of human life. In the field of education, the
emergence of GAI has sparked a transformative revolution, influencing areas such as
medical and engineering education. GAI’s versatile applications include assessment,
personalized learning support, and intelligent tutoring systems. The integration of GAI
in education has prompted discussions on ethics, academic integrity, and its potential to
reshape teaching and learning methods. As GAI continues to advance, thorough research
on its applications, implications, and challenges becomes essential in shaping the future of
education. This review paper comprehensively analyzed the research on GAI in education,
synthesized key findings and insights from 207 publications, and identified research gaps
and future directions in the field.

The first step of this work was to conduct a comprehensive examination of the utiliza-
tion of GAI in education through an in-depth study and content analysis of the literature in
the field.

The content analysis has provided significant findings that highlight the transforma-
tive impact of GAI in education. Across various domains and contexts, the integration
of GAI, including AI chatbots and virtual instructors, offers substantial opportunities for
enhancing educational practices and improving learning outcomes. In computer science
education, GAI has proven to be a powerful tool in teaching and learning programming
concepts. The research papers revealed the potential benefits of AI technologies for creative
programming education and the use of AI-powered code generation tools, like Copilot.
Engineering education also benefits greatly from GAI’s integration, empowering students
to generate innovative solutions through advanced chatbots and text-generation models.
Cloud-based frameworks and social robots enhance interactive learning experiences, creat-
ing a technologically advanced and effective engineering education landscape. Medical
education sees promising applications of GAI in fields like medicine, dentistry, pharmacy,
and public health education. Nursing education benefits from ChatGPT in enhancing pa-
tient care and fostering critical thinking skills among nursing students. In communication
education, GAI models showcase potential in journalism, media education, and healthcare
communication. The studies demonstrate GAI’s effectiveness in enhancing translation
accuracy, emphasizing the importance of educating students about responsible AI use
and ethical considerations. In academia, GAI offers potential benefits in various academic
fields, such as using AI technologies, natural language processing techniques, and LLMs
for research. Furthermore, the subsection on “General Education” provided a comprehen-
sive overview of GAI’s wider applications in the educational landscape. Diverse research
papers explored technology adoption, classroom design, assessment practices, language
instruction, ethics, subject-specific education, learning outcomes, student engagement,
challenges in AI integration, and innovative pedagogical approaches.

After conducting the content analysis, the next step involved a bibliometric analysis of
GAI within the context of education. It included an examination of a total of 437 pre-existing
articles and publications retrieved from the Scopus database. After conducting a literature
screening and removing duplicates, the analysis comprised a list of 217 publications that
focused on GAI in education.

The comprehensive bibliometric analysis of GAI in education yielded several key
findings. The research on GAI experienced significant and exponential growth from
2018 to 2023, with a notable surge in papers published in 2023, which was likely due
to the popularity and innovation sparked by tools like ChatGPT. In addition, ChatGPT
emerged as the dominant AI tool in GAI research within educational contexts, indicating
its widespread adoption for intelligent interactions and contextually relevant responses.
The interdisciplinary nature of GAI research in education, spanning computer science,
engineering education, and medical education, highlights the need for collaboration in
addressing complex challenges and potential applications.
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While highlighting the promising contributions of GAI integration in education, this
review also delved into potential concerns associated with its implementation. This pa-
per navigated the landscape of ethical implications, responsible GAI use, data privacy
safeguards, biases, and academic integrity when exploring the assimilation of GAI within
educational settings. These multifaceted concerns were considered in various sections of
this review paper.

Based on the findings from this review paper, several future research directions can be
suggested to advance the field of GAI in educational settings:

• Exploring Transparency: Future research should focus on enhancing the transparency
of GAI models. Understanding how AI-generated outputs are generated and provid-
ing transparent explanations to users can increase user trust and acceptance of GAI
tools in educational settings;

• Addressing Biases and Fairness: As GAI models learn from existing data, they may
inherit biases present in the data, potentially leading to biased outputs. Future re-
search should focus on addressing and mitigating biases in GAI tools, especially in
educational contexts, to not perpetuate stereotypes or discriminate against certain
groups of learners;

• Designing AI-Enhanced Curriculum: Researchers can explore the potential of GAI in
generating adaptive and dynamic learning materials that cater to individual learners’
needs. AI-powered curriculum design can foster personalized and engaging learning
experiences, promoting lifelong learning and skill development;

• GAI in Teacher Professional Development: Research can investigate how GAI tools can
assist educators in improving their teaching practices, developing tailored instructional
materials, and providing real-time feedback on their performance;

• Collaborative AI in Education: Research the potential of collaborative AI systems in
education, where humans and AI work together to achieve educational goals;

• Longitudinal Studies: Conduct longitudinal studies to track the long-term effects of
GAI integration in education. These studies can provide insights into the sustained
impact of GAI on learning outcomes, retention rates, and academic performance over
extended periods;

• Privacy and Data Security: Research should focus on developing robust data protection
measures and ensuring that student data is handled responsibly and securely;

• Long-term Impact on Learning Outcomes: Investigate the long-term impact of GAI
integration on learning outcomes, academic achievement, and students’ problem-
solving skills;

• Ethical Considerations and Responsible AI: Further explore the ethical implications of
using GAI in education, addressing concerns related to plagiarism, academic integrity,
and the potential impact on students’ critical thinking skills. Develop guidelines
and policies to ensure the responsible and ethical use of GAI technologies in educa-
tional settings;

• Student Acceptance and Adoption: Conduct research on students’ acceptance and
adoption of GAI technology in the learning process. Understand factors influencing
their attitudes toward AI-powered tools and identify strategies to enhance student
engagement and acceptance;

• Interdisciplinary Collaborations: Foster interdisciplinary collaborations between edu-
cators, AI researchers, and policymakers to develop comprehensive frameworks for
integrating GAI into education;

• Inclusivity and Accessibility: Explore ways to make GAI-powered educational tools
more accessible to diverse learners, including those with disabilities or language barriers;

• AI in Assessment and Evaluation: Investigate the effectiveness of GAI in assessment
practices, including essay grading, problem-solving evaluation, and personalized feedback;

• AI and Pedagogy: Investigate the implications of GAI for pedagogical practices,
examining how it can complement and enhance traditional teaching methods.
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This literature review revealed the immense potential of GAI in reshaping educa-
tion across various disciplines. While GAI presents exciting opportunities for improving
teaching, learning, and educational processes, responsible and ethical usage, as well as
addressing potential biases and academic integrity, are crucial aspects that demand atten-
tion. The continued exploration of GAI’s potential, along with developing comprehensive
guidelines and fostering critical thinking skills, will pave the way for a technologically
advanced, inclusive, and effective educational landscape.
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Abstract: Teacher–student interactions are critical for effective mathematics teaching and learning.
Certain technologies, especially dynamic geometry software (DGS), can have a great impact on
interactions between teachers and students. In Chinese mathematics educational environments,
we selected three mathematics teachers as examples to analyze how DGS impacts their method of
teaching and feedback and what role it plays in their interactions with students. Based on the data,
we found mathematics to be the main focus for Chinese teachers, even though DGS was widely used
in their lessons. DGS was mainly used as a projector to present geometric properties. This implies
that the interactivity of the DGS was simply used for pressing buttons on the screen during lessons.
Although teachers may have used DGS for many years, they still lack sufficient skills to integrate this
software into mathematics teaching.

Keywords: teacher–student interactions; dynamic geometry software; Chinese mathematics lessons; technology

1. Introduction

Teacher–student interactions form a critical part of classroom teaching through posing
questions and giving feedback, affecting students’ learning processes [1]. For a teacher, a
student’s answers to questions indicate their understanding and knowledge surrounding a
certain topic [2]. Additionally, it is also important that teachers ask suitable questions in
learning environments with the aid of technology to help students learn mathematics [3].
Technology gives students more opportunities to develop their mathematical skills [4]
via their interactions with teachers. For example, the use of technology might encourage
students to ask worthwhile questions that may not be posed by teachers [5]. Additionally,
answers to these questions can be a catalyst for improving students’ problem-solving
strategies when their original strategies are unsuitable [6].

Dynamic geometry software (DGS) is the most commonly used technology in math-
ematics teaching and learning. Its main function, the dragging mode [7], is frequently
used by teachers to explain geometry. Studies on this software often focus on the design of
different tasks for teachers that use DGS [8,9]. However, few studies focus on what kinds of
questions teachers pose to students via the use of dynamic geometry software [3]. Within
the situation created by DGS, teachers need to think about designing suitable questions
in order to allow students to improve their mathematical knowledge. In this study, we
focused on both questions and feedback regarding the interactions between teachers and
students using DGS in the classroom.

2. Literature Review

2.1. Dynamic Geometry Software in Mathematics Education

Currently, teachers use different kinds of software to support their teaching process.
These kinds of software are designed to teach mathematics as clearly as possible and show
the results of mathematical processes [10]. They all have these basic features, such as
primitive objects (points, lines, circles, etc.), basic construction tools (parallel, perpendic-
ular, etc.), transformations, and measuring and dragging capabilities [3]. DGS has been
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used for almost three decades, and many studies have demonstrated its contribution to
improving learning and teaching mathematics [11–13] via its dragging mode, which is a
problem-solving tool with a number of applications, including construction, searching for
commonalities, conjecturing, and proving and refuting conjectures [14,15]. When students
drag geometric objects with DGS, the geometrical properties of the figure defined in its
construction are preserved.

Consequently, teachers must develop new methods for this new learning environ-
ment, in which students can have direct interactions with DGS. Previously, teachers had
to directly teach students mathematical concepts [16], whereas, with DGS, teachers can
let students independently explore and experiment [17]. Despite this, in most lessons,
teachers always reveal answers using DGS without letting students explore solutions inde-
pendently [18]. Students can only observe the outcomes found by teachers using DGS and
have no opportunities to question whether the teachers are actually correct [19].

Because of the complex processes of interaction with this software, a teacher may
find that students’ experiences of interacting with this software can lead to unexpected
outcomes [7].

2.2. Framework
2.2.1. Roles of DGS in Mathematics Teaching and Learning: Amplifier and Reorganizer

In this paper, we aimed to explore the roles that DGS plays during the interactions
between teachers and students in geometry tasks. Pea [20] found two distinct roles of DGS
in mathematics teaching: amplification and reorganization. According to Pea, technologies
are always seen as an amplifier that can help users to solve tasks more efficiently. However,
this is not sufficient for mathematical learning and teaching. Therefore, users need to make
changes when solving tasks with DGS [21]. Over the years, the use of DGS has begun to
change from being a visual amplifier to a reorganizer of the conceptual understanding of
learners [22]. Based on these two roles, some researchers have proposed four different roles
that DGS plays in mathematics tasks [8,9]:

1. DGS is used to facilitate the material aspects of a task without changing it conceptually.
For example, a triangle is constructed using the midpoints of its sides and then
its medians.

2. Alternatively, DGS is used as a visual amplifier in the task of identifying properties. It
is easier to observe that three midlines of one triangle always intersect at one point
via dragging with DGS than by using a pencil and paper.

These two roles can be seen as amplifiers in mathematics tasks. DGS also offers new
tasks with new and improved standard geometric knowledge that cannot be achieved
without its use.

3. DGS can modify the solving strategies of a task because of its powerful functions,
which may make the tasks more difficult, similar to creating a parallelogram without
using parallel line tools in DGS.

4. The task itself takes its meaning or its ‘raison d’être’ from Cabri. These two roles show
that DGS can be used to generate new tasks in mathematics.

2.2.2. Initial Categories of Focusing Questions

Teachers, students, and mathematics are the foundations of mathematics classes [3,23,24],
but in the 21st century, technology is becoming an increasingly important aspect of our
daily lives. The emergence of technology compels us to reconsider the relationship between
these elements. Tall [10] proposed a tetrahedron model, placing technology as one of the
most important elements in mathematical teaching and learning (Figure 1). This model
indicates that teachers may either focus on technology and give students a little opportunity
for mathematical learning, or they may focus mostly on mathematics and not provide any
technological instructions at all [25,26].

159



Sustainability 2023, 15, 7660

Figure 1. Didactic tetrahedron.

Because of the change in teaching methods caused by DGS, teacher–student interac-
tions can show a different format. We can use Table 1 to describe the interactions between
teachers, students, mathematics, and DGS in our lessons.

Table 1. Four initial foci of questions.

Focus Description Example Questions Coding Diagram

Focus on technology. Teacher’s question or feedback
is only about the technology.

Try to drag and click the circle
button and draw a circle on

your screen.

Focus on technology to
notice mathematics.

Teacher’s question or feedback
is related to a technological
action, which is related to a

mathematical idea.

If you select the center of the
circle you have drawn and
move it, what do you see?

Focus on mathematics with
the use of technology.

Teacher’s question or feedback
is about mathematics, and they
assume that students need to

use technology to
find answers.

Can you make a circle that
circumscribes the triangle

given on your screen?

Focus on mathematics.

Teacher’s question or feedback
are only about mathematics.
Additionally, students can

answer them without the help
of technology.

Try to conclude ways to prove
the drawn triangles.

From this table, four different routes can be identified to show how teachers inter-
act with their students based on mathematics and technology [3]. The route of teacher–
mathematics–student means that teachers think that mathematics knowledge is the most
important and overlook the technology. In the route of teacher–technology–student, teach-
ers may need to explain the function of the technology they use, and at those times, they
do not pay attention to the mathematics. Because of the development of technology,
in the routes of teacher–technology–mathematics–students, and teacher–mathematics–
technology–students, teachers consider ways to integrate technology to help their students
learn mathematics effectively. Sometimes they may want their students to understand how
to use technology, so they may pose some mathematics questions as examples to teach.
In other cases, teachers may want students to know how to solve mathematical problems
with the help of technology.
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3. Research Questions

In this study, we addressed the following questions:

1. What technology-specific actions do mathematics teachers focus on when using DGS
in mathematics lessons during teacher–student interactions?

2. What roles does DGS play as an amplifier and reorganizer during teacher–student interactions?

4. Methodology

In this section, we describe the criteria for selecting the teachers; their basic information,
resources, and tasks; and further explain the data collection and analysis process.

To address RQ1, we paid attention to lesson videos, analyzing the kinds of questions
that teachers posed to their students and the feedback given after students answered
the questions.

To address RQ2, we focused on how DGS appears as a technological resource to
support teachers’ interactions with students during lessons.

4.1. Participants

Considering the multiple factors impacting teachers’ use of DGS in the classroom, the
following criteria were considered: (1) teachers’ experience (both experienced and novice
teachers); (2) teachers’ willingness to use DGS in their lessons; and (3) teachers’ experience
of using DGS. Based on these criteria and to address our research questions, we decided
to choose three Chinese mathematics teachers with different teaching experiences of DGS
(two experienced teachers and one novice teacher), who were all willing to use DGS and
other technological resources.

Teachers ZH and J were the two most experienced teachers from the same school and
the leading mathematics teachers in their respective grades. Tables 2 and 3 present the
tasks used by the teachers during this study.

Table 2. The task used by Mr. ZH.

Task

Mr. ZH designed one diagram of a triangle whose side lengths AC and
BC were determined (AC = 4, BC = 6). Point A could be moved, while
points B and C were stable. From the diagram, the trace of point A is
similar to a circle. The main question: please find the relationship
between the three sides of the triangle. (Here the lowercase letters a, b,
and c mean side BC, side AC, and side AB)

Table 3. The task used by Madame J.

Task

In the picture, there is a right triangle ABC, ∠ACB = 90◦, point D is the
midpoint of AB, point E is on segment BC, AE = BE, point M is the
midpoint of AE, point G is on segment CM, and point N is on segment
BC, which makes ∠GDN = ∠AEB
Question 1: as in picture 1, if point G coincides with point M, this
proves that quadrilateral DMEN is a diamond.
Question 2: as in picture 2, when point G does not coincide with point
M and point C, prove GD = DN

Figure for question 1

Figure for question 2

161



Sustainability 2023, 15, 7660

Teacher Y was a novice teacher from another school who needed support from col-
leagues to help her use DGS in the classroom. The task used in her lesson is shown in
Table 4. All the lessons observed in this research were held with grade 7 students.

Table 4. The task used by Mrs. Y.

Task

Task 1: DGS is used to construct a new triangle, which is
congruent with the given triangle ABC, in which AB = 7, AC = 4,
BC = 6.
In this triangle, point A and B can be dragged, while point C is
stable. When point A is dragged, the whole triangle moves
without changing its type and size. When point B is dragged,
point A does not move. The trajectory of point B is a circle
whose center is point A and radius is the length of AB.

4.2. Data Collection and Analysis

According to the research objective, some details from the pictures and interviews
may be ignored. The first author observed all three teachers’ lessons with DGS and made
lesson videos (40 min for each lesson). The following were the main elements that we
focused on: the types of tasks (with DGS); the teacher’s interactions with students [27]; the
organization and configuration of classes; and potential comments made by both teachers
and students [28].

Due to the research objective and for ethical reasons, the videos were focused on the
teachers, and only the teachers’ faces were shown in order to protect their privacy.

These videos were reanalyzed based on the role of DGS and the focus on teachers’ ques-
tions and feedback. We first cut each lesson video into short teaching episodes according to
the different mathematics tasks used in the lessons.

Then, the interactions between the teachers and students were analyzed to determine
the focus of the teachers when using DGS in the classroom. (1) If the question or piece
of feedback focused on the technology, then it could be classified as the route “teacher–
technology–student”. (2) If the question or piece of feedback focused on mathematics, then
it could be classified as the “teacher–mathematics–student” route. (3) If the question or
feedback focused on how students use technology to solve mathematics tasks, it could be
classified as the “teacher–mathematics–technology–student” route. (4) If the question or
feedback focused on using mathematics contents to present the function of the technology,
it could be classified as the “teacher–technology–mathematics–student” route.

To answer RQ2, we analyzed the video recordings according to the different roles that
DGS plays in teacher–student interactions (amplifier or generator), and we examined the
interviews with these teachers to determine their uses of and opinions on DGS in teaching
mathematics. The audio from all the interviews was recorded. First, we transcribed all the
audio recordings and cut them into small sections according to the interview questions.
Then, all the teachers’ answers were analyzed sentence by sentence. We focused on the
keywords that applied to teaching methods involving DGS (one example is presented in
Appendix A).

5. Results

In this section, we present the interactions involved in the above task to analyze which
teachers’ questions and feedback points focused on when DGS was used in the classroom
and the roles that DGS played in these interactions.

5.1. Stories from Mr. ZH’s Class

Based on the task situation (Table 2), Mr. ZH posed the following questions for discussion:

1. What is the maximum length of side c? What is the relationship between sides a, b,
and c? What shape is it now?
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2. What is the minimum length of side c? What is the relationship between sides a, b,
and c? What shape is it now?

3. Based on the conclusions of questions 1 and 2, what you can find?

The students needed to find the mathematical relationships between the three sides of
the triangles. Mr. ZH did not expect students to use the software to find the answers; the
students just observed what occurred on the screen when the software was running.

Before the discussion, Mr. ZH let the students watch the screen and use DGS as a
projector to present the task and diagram. During the discussion, Mr. ZH did not directly
interact with his students but acted as a listener. After students finished their work, Mr.
ZH continued the lesson with the following question, as presented in Table 5: “OK, the first
one, what is the maximum of side C?”

Table 5. Teacher–student interactions in Mr. ZH’s lesson.

Questions and Feedback Focus

T: “OK, the first one, what is the maximum of side c?” Only focused on mathematics.

St 1: “The maximum is 10”
T: “OK, maximum is 10. I have said in the video, so the maximum is 10”

The teacher’s feedback just repeated what the student answered. The
answer only focused on mathematics.

T: “Now what is the relation?” Only focused on mathematics.

St 1:” They are all on the same line.”
T: “Good, he said on the same line.”

The teacher’s feedback just repeated what the student answered. The
answer only focused on mathematics

T: “Let us see, this is position. OK, now c is 10 and they are all on the
same line.”

The teacher moved the point on the screen at that time. The feedback
focused on technology to notice mathematics.

T: “But what is the mathematical relation between the three sides?” Only focused on mathematics.

St 1: “b + c = a”
T: “b + c = a, good, sit down. b + c = a, we can also say a − b = c.”

The teacher’s feedback just repeated what the student answered. The
answer only focused on mathematics.

One student (St1) was asked to answer the question. From Table 5, both Mr. ZH’s
questions and the student’s answers focused more on mathematics. Sometimes, Mr. ZH
tried to let the students observe the mathematical content with the help of DGS, but DGS
was only used by Mr. ZH (Figure 2) and not his students. This implies that DGS was more
like an amplifier that was used to enlarge the geometry properties and support the teachers’
explanations. During this time, the students still did not truly explore knowledge with
the help of DGS. When the teachers let the students solve the task together or discuss the
questions that they posed, the teachers acted as listeners and often did not participate in
the students’ discussions. Additionally, although they may have used DGS to teach, it did
not play an important role during discussions.

 

Figure 2. Mr. ZH operated DGS during teacher–student interactions. In this figure, the Chinese terms
mean: question 1, please find what is the smallest value of a + b; question 2, please find what is the
largest value of a + b; and question 3, what conclusion can you make?
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The interaction process was supported by Mr. ZH’s preference for using DGS in
mathematics education. In the interview, Mr. ZH told us he generally always used DGS
to explain complex tasks; for him, it was a personal preference. Because of examinations,
Mr. ZH could not allocate the students too much time to use DGS for exploring mathe-
matical concepts. As he stated, in China, students need to pass exams without the help of
any software.

5.2. Stories from Madame J’s Class

Here, we describe another teacher’s classroom interactions through the use of DGS. As
mentioned above, Madame J was familiar with DGS in mathematics education. Sometimes,
she searched for different tasks on the internet or in some books to learn how to effec-
tively use DGS in the classroom. We chose two examples of teacher–student interactions
(Tables 6 and 7) according to the same task (Table 3). One example shows that a student
had the incorrect answers and the other one shows that the student had the correct answer.

Table 6. Teacher–student interactions in Madame J’s lesson.

Questions and Feedback Focus

T: “You need to justify what type is the quadrilateral.” Focused on mathematics.

St1: “It is diamond.”
T: “Diamond. How can you know it?”

The teacher’s feedback repeated what this student answered.
Additionally, the question let this student justify why they

believed that quadrilateral DMEN was a diamond. Therefore,
the feedback point and question focused on mathematics.

St1: “First point G and M are coincided.”
T: “Yes”

The teacher gave positive feedback. They did not focus on
mathematics or technology.

St1: “Then, DM, point D is the midpoint of AB, point M is the
midpoint of AE, so DM the median line of this triangle.”

T: “DM is the median line of triangle ABE. You know it is
median line, then”

The teacher repeated the conclusion this student made. It still
focused on mathematics.

St1:” Then DM is parallel to BE
T: DM is parallel to BE”

The teacher repeated the conclusion this student made. It still
focused on mathematics.

St1: “So angle MDN is add angle END is 180”
T: “It is this angle, angle MDN and angle END, angle MDN plus

angle END is 180”

The teacher wrote down some marks through DGS on the
screen. The feedback focused on technology to

notice mathematics

St1: “Then, it said, angle GEN is equal to angle MDN and AEB”
T: “Angle MDN is equal to this angle, angle GEN. It means this

angle is equal to angle GEN.”

The teacher wrote down some marks through DGS on the
screen. The feedback focused on technology to

teach mathematics

St1: “So angle END plus angle GEN is 180, then DN is parallel
to ME”

T: “Why you justify DN is parallel to ME?
St1: So NDME is parallelogram”

This question only focused on mathematics.

In her lessons, Madame J always used an iPad as one of her resources, making her
lessons a little different than those of other Chinese teachers. As shown in Table 6, Madame
J did not pose many questions; instead, she repeated the student’s answers or gave feedback
such as “ok”, and “yes” to let the student continue their explanation. From some critical
terms in her questions, such as “diamond” and “parallel”, we can see that these questions
were more focused on mathematics. Therefore, DGS, similar to the situation in Mr. ZH’s
lesson, was used to project and display diagrams for the students to observe. They did not
need to operate the software to help them find the correct answer (Figure 3).

The next interaction (Table 7) occurred when St1 failed to provide an answer to the
question. Madame J asked another question to continue the explanation.
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Table 7. Another teacher–student interaction in Madame J’s lesson.

Questions and Feedback Focus

St2: “In the conditions, AE is equal to BE
T: AE is equal to BE, what it means?” The teachers’ question focused on mathematics.

St2: “So we know MD is the median line. Then, MD is 1/2 BE”
T: “Ok, the median line can help us know not only this one.

However, also DM is equal to 1/2 BE.”

The teacher explained why this student arrived at their
conclusion. The feedback focused on mathematics.

St2: “Because point M and N, M is the midpoint of AE, then, so,
it is also useful, it means AM is equal to ME and 1/2AE

T: Equal to 1/2AE”
The feedback focused on mathematics

St2: “Then, AE is equal to BE, so MD is equal to ME”
T: “MD is equal to “

St2: “ME”
T: “So now, when AE is equal to BE, this condition is also useful,

AE is equal to BE, another one is ME is equal to, we need
another condition, it is ME is equal to 1/2 AE. Ok, from these
two conditions, we can find ME is equal to DM, then it can be

a diamond”

After this student finished their answer, the teacher made a
conclusion that focused on mathematics.

 
Figure 3. Students did not need to operate the software.

Compared with the first interaction, Madame J did not change her teaching strategies,
despite the fact that the first students failed to answer her question. She gave both of them
enough time to provide their own explanations without any interruptions. However, there
were no terms related to DGS mentioned during the interaction. The main focus was only
on mathematics. No explanation or method was presented during the interaction. Madame
J simply wrote the student’s answers on the screen or whiteboard (Figure 4).

 
Figure 4. Madame J wrote down students’ answers on the screen and whiteboard.

DGS was used to project images since Madame J preferred this technology. However,
she believed that using DGS requires teachers’ guidance and control in lessons.
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5.3. Stories from Mrs. Y’s Class

Mrs. Y did not have as much teaching experience with DGS compared to the other
teachers in this study. Therefore, it was interesting for us to analyze her interactions
with students using DGS. Additionally, it helped us to paint a clearer picture of teachers’
practices using DGS in mathematics education. The following interaction (Table 8) shows
how the students participated in the classroom when Mrs. Y operated DGS and explained
what happened.

Table 8. Teacher–student interaction in Mrs. Y’s lesson.

Questions and Feedback Focus

T:”Let’s draw another triangle whose sides are also 4, 7, and 6.
Then, we can overlap the two triangles and see whether the two
triangles coincided, if they coincided, then the two triangles are,

congruent. How to draw it?”

The teacher wanted the students to draw a triangle with the
help of DGS. Her question and statement focused on

mathematics with the use of technology.

St 1: “First draw one base side”
T: “First draw one base side. [teacher operated the computer,

choose the tool “segment”] We can find the tool “segments with
given length” in the tool “lines”. Then, here, we draw a segment,
7, right? Here we tap 7. [teacher clicked the tool, and tapped “7”]
Now you can see a segment and its length is 7. Ok, then, how to

draw this point on side AC, that is side DF?”

The teacher used DGS to show the students the whole
drawing process. Her question focused on mathematics with

use of technology.

St 2: “Use compass”
T: “Use compass, it means the radius of this circle is?”

The teacher’s feedback just repeated what the student
answered. It focused on mathematics.

All St: “4”
T: “4, which one is its center?” Focused on mathematics.

St 3: “D”
T: “D, ok, now we can find circle. [teacher operated the computer,
find the tool “circle”] Then, you can click it, it showed “one center
and one point”. We need to find the circle and radius, it means the
radius is determined, click it. [teacher clicked the tool “circle with
center and radius”, then looked at the students] Ok, now point D

is the center, click it. What is the radius?”

The teacher used DGS to show the students the whole
drawing process. Her statements focused on mathematics

with use of technology, while one question focused
on mathematics.

All St: “4”
T: “Then, here tap “4”, then you can see a circle. [teacher tapped
“4”, the screen showed one circle whose center is D and radius is

4] Ok, then is this side, its length is 6. Ok, its center is point E,
what is the radius? 6. [teacher clicked “circle with center and

radius”, tapped 6] Ok, now you can find the intersect point of the
two circle?”

The teacher used DGS to show the students the whole
drawing process. Her statements focused on mathematics

with use of technology, while the question focused
on mathematics.

St 4: “Two”
T: “Yes, two, it’s the same with the two points up or down” Focused on mathematics.

St 5: “Yes, it is same”
T: “Ok, same, here I just draw one, this point, which is the

intersect point?”
Focused on mathematics.

St 6:” F”
T: “F, it is F here, then, we can draw this triangle. [teacher clicked
the intersect point] Link these three points, DEF. [teacher operated
the mouse, linked point D, E, F] This triangle, ok, these lines are

supportive, we can delete them.”

The teacher used DGS to show the students the whole
drawing process. Her statements focused on mathematics

with the use of technology.

According to the task situation (Table 4), the students were asked to construct a triangle
with three given sides using DGS. This kind of task is seldom used in Chinese mathematics
lessons because Chinese students do not have that much time to directly operate DGS.
Therefore, Mrs. Y made a drastic change to the lesson; she let some of her students operate
DGS to solve the task.
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As shown in the table, we found that Mrs. Y posed some questions focusing on
mathematics: “Which one is the center of the circle? Which is the intersecting point?” DGS
was not important in these questions (there were no terms related to the software), and the
students did not need to use DGS to find the correct answers.

Unlike the other two teachers in our study, we noticed that Mrs. Y posed some
feedback that focused on teaching mathematics using technology by using terminology on
how to operate DGS, such as “click it”, “delete”, and “tap”. At this time, Mrs. Y wanted
the students to know how to use DGS (Figure 5), For her, DGS was a tool that could help
the students to solve mathematics tasks.

 
Figure 5. Mrs. Y tried to ask one student to use DGS to construct a triangle.

Based on her teaching experiences, Mrs. Y found that Chinese teachers always told
students the answers directly: “I think maybe Chinese teachers will not let the students
think by themselves.” This may mean that students may not understand the construction
method. Therefore, Mrs. Y wanted her students to operate DGS directly and explore the
differences between DGS and the use of a pencil and paper. In this way, DGS can help
students to develop a clear understanding of geometry.

6. Discussion and Conclusions

This study found that teacher–student interactions are often guided by the initiation–
response–evaluation pattern [29]. Additionally, questions and answers may not be derived
from students’ thought processes during lessons [4]. This implies that teachers may be
worried that their students are not familiar with situations in which technology can be used
or that they engage in off-task activities, which are discouraged by teachers [30].

Furthermore, although researchers have proposed that technology can create opportu-
nities for students to effectively learn mathematics [4], the teachers in this study seldom
linked their questions with DGS. In this study, using DGS did not mean that the teachers
changed their interactions with the students. Most of the questions focused only on mathe-
matics, which means that the students were able to answer them without DGS. Therefore,
there were not enough opportunities for the students to explore mathematics with the help
of DGS in the classroom. This implies that the teachers did not believe that DGS needed to
be included in the problem-solving processes of the students. Additionally, they wanted
the students to focus on the answers rather than how to explain them using DGS or to
consider the concepts of the mathematical tasks [31]. They used DGS as a projector or
an amplifier [8,9] without dragging or moving the diagrams. Additionally, the teachers
designed many step-by-step tasks for the students to use with technology, with fewer
opportunities for the students to engage in mathematical reasoning [4]. This means that the
teachers’ practices did not present DGS to the students to solve problems [14,15] or explore
mathematics [18], but they told the students the mathematical concepts directly [16]. The
students were more passive during lessons.

According to research, mathematical interactivity in technology-based classrooms
causes students to react to their environment in a mathematical sense. In this research, we
assumed that the students must observe these reactions and obtain information on their
actions using DGS [6]. This means that the students could use DGS to drag the objects
on the screen to explore or check the mathematical content. However, in these lessons,
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DGS was used more for presenting content. This implies that the dragging mode was
controlled by the teachers, not the students; therefore, the meaning of the interactivity of
DGS is ambiguous, and DGS was used just for clicking buttons or touching objects on the
screen [6]. Using DGS in this way does not impact students’ problem-solving processes
and does not modify student learning situations and teacher practices in geometry. With
DGS, teachers are also required to address new mathematical practices [32,33] and pay
more attention to how to design suitable teaching and learning activities [34]. However, the
results of this research also imply that the teachers may have lacked sufficient knowledge
to help the students via technology [3,35]. Another important factor might be that teachers
learned mathematics in a totally different environment to that of modern students; therefore,
it was difficult for the teachers to evaluate the students’ learning process [3]. In this research,
although we could find dynamic elements in each of the tasks used by the teachers, such as
moving points, the teachers still used DGS to present the final outcomes and not the entire
moving process. When designing some special tasks such as the construction of geometric
objects, the teachers chose to interact with the students in a new way [3].

These conclusions concerning the three teachers may not be generalized to other
Chinese situations. However, our research seems to present a detailed picture, showing
the teachers’ strategies regarding the use of DGS in mathematics education. In this regard,
further research is required to advance our understanding of how technology resources such
as DGS impact the teaching of mathematics. It would be essential to find out whether there
are other factors such as a limited class time, heavily didactical tasks, and examinations
that may also affect teachers’ practices and interactions with students.
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Appendix A. An Example of Analyzing Interview Data

Transcription:
Interviewer: what changes do you think DGS take in your lessons and how they can

help you during your teaching.
Mrs. J: Of course, it helps me a lot (1) I think technology helps us (2). Now I have used

technology for more than 20 years (3). I think I am more and more confident with them (4).
I think technology is a supporter (5).

Step 1: We divided this transcription into the following sentences:

Of course, it helps me a lot (1).
I think DGS can help us (2).
Now I have used DGS for more than 20 years (3).
I think I am more and more confident with them (4).
I think technology is a supporter (5).

Step 2: For each sentence, we determined the keywords and their meanings. From the
transcript, the first and second sentence had the same meanings. Mrs. J thought that DGS
could help her lessons a lot. The third sentence implies that Mrs. J was familiar with DGS.
The fourth one shows that Mrs. J was confident when using DGS in the lessons. In addition,
the last sentence means that for Mrs. J, DGS was more like a supporter.
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Step 3: Afterwards, we discussed each sentence to find out which of them could help us
explain how and why the teachers used DGS and interacted with students. For example,
in this transcription, because Mrs. J saw DGS as a supporter, she did not always let her
students operate DGS, and her questions or feedback always focused on mathematics.
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Abstract: Numerous studies have been conducted to investigate the potential effect of educational
robots, but what appears to be missing is an up-to-date and thorough review of the learning effec-
tiveness of educational robots and the various influencing factors. In this study, a meta-analysis
was conducted to systematically synthesize studies’ findings on the effects of educational robots
on students’ learning outcomes. After searching for randomized studies describing educational
robots interventions to improve learning outcomes, 34 effect sizes described in 17 articles met the
selection criteria. The results of our work evidence a moderate but significantly positive effect of
educational robots on learning outcomes (g = 0.57, 95% CI [0.49, 0.65], p < 0.00001). Moreover,
moderator analyses were conducted to investigate important factors relating to the variation of the
impact, including educational level and assessment type. Based on the findings of this study, we
provide researchers and practitioners with insights into what characteristics of educational robot
interventions appear to benefit students’ learning outcomes and how pedagogical approaches can be
applied in various educational settings to guide the design of future educational robot interventions.

Keywords: educational robots; effectiveness; learning outcomes; meta-analysis

1. Introduction

Technological advancements have fundamentally transformed how people, society,
and environments inter-relate. Mobilizing digital technology, such as robotics, could signif-
icantly facilitate the achievement of the Sustainable Development Goals (SDGs) [1]. As one
of the great creative inventions in the 20th century, robots are playing an increasingly im-
portant role in industrial intelligent manufacturing, mass production, and public services.
Robotics are likely to alter how the SDG are achieved, through replacing and supporting
human activities and fostering innovation [2]. In the 1970s, the first educational robot was
created in an artificial intelligence laboratory at the Massachusetts Institute of Technol-
ogy [3]. Early research on educational robots focused on the educational functions of robot
kits, including simple kits designed for the purpose of teaching a single function (such as
response to sound) as well as complex ones such as Lego Mindstroms that allowed users
to build and program [4]. In general, robotic kits are computer-programmed automated
machines that are able to perform a series of actions [5]. As more and more social assis-
tance robots (SARs)/social assistance humanoid robots (SAHRs) become available, users
will be able to interact with them using actions such as gestures, voice recognition, and
emotional expression. SARs are treated as pet animals, toys, or human beings in the form
of robots. Given the “uncanny valley” problem [6]. SAHRs are robots with non-threatening
appearance, such as Pepper and its precursor, NAO. Because of the ability to talk and show
facial expressions, these robots are able to participate in social interactions. For example,
they can be used to teach language courses and can even interact with students [7]. Studies
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concerning the appearance of education robots have examined the user’s perception and
the physical attributes of the robot (e.g., facial features) [8,9].

With the continuous improvement of robotics technology, educational robots have
received great attention from the educational community globally. For example, robotic
tutors with empathy have been used to assist elementary school students with learning
tasks [10,11]. In South Australia, two schools introduced NAO robots developed and pro-
duced by Aldebaran Robotics in France to assist teachers and students [12]. The motivation
behind these efforts is that robots can be used to address a variety of challenges faced with
education including teacher shortage [13] and teacher workload [14].

The application of educational robots is consistent with several contemporary learning
theories such as principles of active learning [15], social constructivism [16], and Papert’s
constructionism theory [17]. Some evidence is available that the use of robotics in education
has a positive impact on student behavior and development, especially in problem-solving
skills [18], collaboration [19], learning motivation [20], participation [21], and enjoyment
and engagement in the classroom [22,23].These studies drew mixed conclusions about the
effectiveness of robotics in education.

Researchers have been actively exploring the use of educational robots in a wide
range of courses [24,25]. For example, Hong and colleagues [26] reported that the use
of educational robots was beneficial for English learning. Similarly, Toh et al. [27] found
that the use of robots helped improve the knowledge of mathematical concepts. McDon-
ald and Howell [28] showed that educational robots could enhance students’ interest
in engineering and help them gain a better understanding of scientific processes. More
broadly, Mathers et al. [29] reported a study that the use of robots enhances knowledge of
physics-related topics.

Furthermore, review of literature shows that educational robots are a constantly evolv-
ing field with the potential to be implemented in education at all levels from kindergarten
to university. Chin et al. [30] indicated that educational robots can provide primary school
teachers with tools to increase student achievement. Chang et al. [31] regarded the educa-
tional robot as a tool to assist elementary school language teachers. Specifically, educational
robots (e.g., NAO) can assist staff in kindergarten by going through a nine-phase proce-
dure [32]. Moreover, NAO and Robovie have also been used to teach children language [33].
Benitti’s [34] study reported that the Lego robotics kit is recommended for children age 7
and up. Similarly, Nugent et al. [35] stated that educational robots can teach middle-school
students robot activities related to science and engineering processes by giving relatively
specific guidance.

Previous systematic review studies have reported the potential contribution of ed-
ucational robots in schools (e.g., Benitti [34]; Papadopoulos et al., [5]; Spolaôr and Woo
et al. [36]; Woo et al. [37]). However, there is a growing criticism from the robotics commu-
nity in recent years over the lack of empirical research on how robotics can be employed to
improve student academic performance [5]. In an earlier study, Benitti’s [34] result suggests
that few of the empirical studies reviewed support the significance of using educational
robots in classroom. Likewise, Woo et al. [37] systematically reviewed studies exploring
the possibility of using social robots in naturalistic school settings and identified multiple
technical and procedural problems that might affect the successful implementation of
such tools. Yet, when examining the overall effectiveness and parameters of successful
intervention aimed at the use of educational robots in schools, the above studies are not
without limits. For this reason, a meta-analysis was conducted to explore the effectiveness
of educational robots in formal learning environments in order to inform, motivate, and
guide the use of such tools in future projects. In particular, the study aims to answer the
following questions:

Q1. Does the use of educational robots in the classroom improve student learning outcomes?
Q2. Does the effect vary by

(a) The educational level (pre-school, primary school, secondary school, higher
education)?
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(b) The subject area (social science and humanities, science)?
(c) The treatment duration (0–4 weeks, 4–8 weeks, above 8 weeks)?
(d) The type of assessment (exam mark, skill-based measure, attitude)?
(e) The robotic type (robotic kits, zoomorphic social robot, humanoid robot)?

2. Method

2.1. Literature Search and Inclusion Criteria

The procedure for selecting studies was based on the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA) statement [38]. Our search process
included two parts. We first consulted the databases of Web of Science and Scopus by using
the following search parameters in titles and abstracts of the documents from 2005 to 2023:
(robot* OR educational robot*) AND (learning outcome* OR learning achievement* OR
academic performance*) AND (student* OR children* OR learner*). Then, we manually
screened Google Scholar and additional records identified through citation checking. A
study that qualifies for inclusion must examine the use of educational robots and meet the
following additional criteria: (1) investigate the effect of an educational robot on student
learning; (2) adopt a randomized experimental or quasi-experimental design; (3) include a
control group; (4) provide sufficient statistical information for calculating the effect size;
(5) be published in a peer-reviewed English language journal; (6) use courses enrolled in
a kindergarten, primary school, secondary school, and university or college; and (7) be
conducted in a natural school setting.

2.2. Coding Procedure

All records were uploaded to Mendeley. Two researchers independently coded the
studies and the following information was extracted for both the experimental group and
the control group: the descriptive statistics (i.e., mean, standard deviation, and sample size)
of each outcome, the courses involved, sample size, educational levels, robot types, type of
assessment, and length of intervention. The inter-coder agreement was evaluated based
on both Cohen’s Kappa [39] and Gwet’s benchmark [40]. All differences in codes were
discussed until a consensus was reached. Data were standardized before it was analyzed.
First, if studies provide only the p-values, sample size and means, Borenstein et al.’s [41]
methods were adopted to estimate standard deviations (SD). Second, in studies where pre-
test and post-test means were reported, data were combined to generate aggregated means.

When more than one effect size was reported in a study, dependent effect sizes in
the meta-analysis were processed according to the characteristic of its dependency to
avoid misestimation of standard errors. Various solutions have been proposed in the
meta-analysis literature to deal with effect size dependency (e.g., Hedges et al. [42]). For
example, one possible solution might be randomly choosing an effect size or taking a
mean effect size. However, one problem with this method is that it could result in the loss
of data and statistical power [43]. Another problem is that these outcome measures are
conceptually different and they may be statistically unrelated [44]. Therefore, if multiple
post-test results are reported according to different dimensions in a study, each effect size is
considered individually. If several independent sample groups are used, the effect size of
each sample group is separately included. In a similar way, in studies involving comparing
multiple controls against a single experimental group, the estimated effect size for each
pair was separately included. Finally, studies were subgrouped to investigate the possible
influence of moderating variables (e.g., the length of intervention). Following previous
research, random effects models were applied to investigate the variability of the results of
different studies [41].

2.3. Quality Assessment

After preliminary screening of the obtained documents and elimination of duplicate
documents and documents that do not match the course matter, the quality of these
documents was also examined. The six general sources of bias proposed by Higgins
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et al. [45] were adopted in the quality assessment including adequacy of allocation sequence
generation, allocation concealment, blinding procedures, incomplete result data, selective
result reports, and other sources of bias. These items were obtained from published reports,
and if more information was needed, we contacted the author. The methodological quality
of these items were also checked to determine the level of risk of bias. Low risk of bias is
assigned if specious bias might change the outcome; unclear risk of bias is assigned if some
suspicion arises; high-risk bias is assigned if paradoxical bias severely affected confidence
in the result.

2.4. Statistical Analysis

First, we obtained effect size (ES) data from studies included in the meta-analysis.
For studies with means and SDs, ESs were estimated using Review Manager 5.3 [46].
Following previous research (e.g., Tutal and Yazar [47]), we chose to incorporate all ESs
into the meta-analysis separately. The standardized mean difference index proposed by
Hedges [48] was adopted to calculate ESs: Hedges = M1 − M2/SDpooled, where M1 refers
to the mean score of the treatment group, M2 refers to the mean score of the control group,
and SDpooled refers to the weighted average of the SD value of both groups. ESs were
interpreted based on Cohen’s d, where 0.8 represents a large effect, 0.5 a medium effect, and
0.2 a small effect. A positive ES suggests that the experimental group outperformed the
control group. Since continuous data from different scales were extracted, the standardized
mean difference (SMD) of the effect size was calculated based on the sample size and 95%
confidence interval of each study, and the summary study used analysis of variance. A
significance level of 0.05 was set for all analyses (two tailed).

Following the suggestion of Borenstein et al. [41], in case of no heterogeneity, a fixed-
effect model was chosen to calculate mean effect size; otherwise a random-effect model was
used.To determine what part, if any, of the observed variation was real [41], the I2 index
was used to measure potential heterogeneity [49]. The I2 value of 25% indicates low level
of heterogeneity, 50% indicates moderate level, and 75% indicates high level [50].

2.5. Sensitivity Analysis and Moderator Analyses

The robustness of the results was examined using the leave-one-out method. That is,
if the removal of an individual study results in substantial changes, this is an indication
of poor homogeneity and therefore the results are unreliable [51]. In meta-analysis, het-
erogeneity often exists between studies. When multiple moderators are present, they may
amplify or attenuate each other’s influence on the treatment effectiveness. Hence, mod-
erator analyses were conducted to assess heterogeneity by comparing study subsets [52].
As discussed in the literature review section, several variables could potentially affect the
effectiveness of educational robots on student learning (e.g., educational level, discipline,
and robotic type).

3. Results

3.1. Search Results

As shown in Figure 1, the initial searches yielded 826 relevant articles. The number
was reduced to 269 after duplicates were removed. After examining the title and abstract,
another 223 residual references were removed. Full texts were retrieved for 46 articles. In
total, 17 articles were retained for further analysis.
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Figure 1. Flow diagram of included studies.

3.2. Characteristics of Included Studies

Table 1 overviews the studies included in the meta-analysis. In one article [53], two
studies were identified for inclusion and treated as separate studies. One article [54] had
two independent control groups and one experimental group with multiple outcomes, and
thus four effect sizes were computed. Four articles reported learning outcomes according
to different language skills including listening, speaking, reading, and writing, and thus
the effect size for each dimension was treated separately. Final coding led to the inclusion
of 34 (k = 34) independent effect sizes from 17 articles.

Table 1. Characteristics of the intervention for each study included in the review.

Study (Year) Sample Size (E/C) Discipline
Educational

Level
Treatment
Duration

Assessment Robotic Type

Ajlouni (2023)
[55] 25/25 Science Primary

education 8 weeks Intrinsic
motivation

LEGO WeDo
2.0 robotic

Alemi et al.
(2015) [56] 30/16 English Secondary

education 5 weeks Anxiety scores Humanoid
robot

Al Hakim et al.
(2020) [57] 24/26 Theater Secondary

education 6 weeks Official drama
performance Social robot

Casad and
Jawaharlal
(2012) [53]

174/86 Robotics
program

Primary
education 25 weeks

General
academic

performance

STEM robotic
kits

65/66 Robotics
program

Primary
education 6 months Attitudes

toward math
STEM robotic

kits

Chen et al.
(2013) [58] 30/30 English Primary

education 50 min Learning
achievement Social robot

Han et al. (2008)
[54] 30/30 English Primary

education 40 min Post-test only
achievement IROBI

30/30 English Primary
education 40 min Interest IROBI
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Table 1. Cont.

Study (Year) Sample Size (E/C) Discipline
Educational

Level
Treatment
Duration

Assessment Robotic Type

30/30 English Primary
education 40 min Learning

achievement IROBI

30/30 English Primary
education 40 min Interest IROBI

Hong et al.
(2016) [26] 25/27 English Primary

education 2 h Listening Humanoid
robot

25/27 English Primary
education 2 h Speaking Humanoid

robot

25/27 English Primary
education 2 h Reading Humanoid

robot

25/27 English Primary
education 2 h Writing Humanoid

robot

25/27 English Primary
education 2 h Learning

motivation
Humanoid

robot

Hsiao et al.
(2015) [59] 30/27 Chinese Pre-school

education 8 weeks Reading
literacy

Social robot
iRobiQ

Hsieh et al.
(2022) [60] 35/35 Computer

concepts
Higher

education 8 weeks
Computational

thinking
capabilities

Humanoid
robot

Hyun et al.
(2008) [61] 17/17

Korea
linguistic

ability

Pre-school
education 7 weeks Story making Social robot

iRobiQ

17/17
Korea

linguistic
ability

Pre-school
education 7 weeks Story

understanding
Social robot

iRobiQ

17/17
Korea

linguistic
ability

Pre-school
education 7 weeks Vocabulary Social robot

iRobiQ

17/17
Korea

linguistic
ability

Pre-school
education 7 weeks Word

recognition
Social robot

iRobiQ

Julià and Antolí
(2016) [62] 9/12 Mathematics Primary

education 8 weeks Spatial ability
average scores Lego

Korkmaz (2016)
[63] 27/26

Computer
program-

ming

Higher
education 8 weeks

Academic
achievement

test

Lego
Mindstorms

Ev3

La Paglia et al.
(2011) [64] 15/15 Mathematics Secondary

education 10 weeks Metacognitive
control Robotic kits

Lindh and
Holgersson
(2007) [65]

170/161
Programmable

construc-
tion

Primary
education 12 months Mathematical

problems Lego

184/160
Programmable

construc-
tion

Primary
education 12 months Logical

problems Lego
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Table 1. Cont.

Study (Year) Sample Size (E/C) Discipline
Educational

Level
Treatment
Duration

Assessment Robotic Type

Ortiz et al.
(2017) [66] 33/27

Computer
program-

ming

Higher
education 16 weeks

The structure of
the vehicle and
its components

Robotic kits

Wu et al. (2015)
[67] 31/33 English Primary

education 4 lecture hours Learning
outcomes

Humanoid
robot

31/33 English Primary
education 4 lecture hours

Learning
motivation and

interest

Humanoid
robot

Yang et al.
(2023) [68] 41/34

Information
manage-

ment

Higher
education 5 weeks Academic

achievement AR Bot

41/34
Information

manage-
ment

Higher
education 5 weeks Enjoyment AR Bot

41/34
Information

manage-
ment

Higher
education 5 weeks

Problem
decomposition

skill
AR Bot

41/34
Information

manage-
ment

Higher
education 5 weeks Algorithm

design skill AR Bot

41/34
Information

manage-
ment

Higher
education 5 weeks Algorithm

efficiency skill AR Bot

Studies examined the learning effectiveness of educational robots in different courses
of two broad categories. Nine articles investigated the use of educational robots in science,
technology, engineering, and math (STEM) courses (e.g., C programming) and eight articles
analyzed social science courses (e.g., English). Eight articles involved primary children, and
three studies had secondary school participants. Two studies had pre-school children and
four studies involved students in higher education respectively. The length of intervention
differed greatly, ranging from less than 1 h to 25 weeks. The selection included 11 effect sizes
for theoretical examination scores, 16 effect sizes for skill examination scores, and 7 effect
sizes for attitude towards the course. Seven articles measured the learning effectiveness
of robotic kits, five articles examined the learning effectiveness of humanoid robots, and
another five articles focused on the learning effectiveness of social robots.

3.3. Study Quality

The results of the risk bias assessment in Figure 2 show that most of the included
studies obtain satisfactory scores on the six areas, indicating a low risk of bias. Most
studies mentioned that a cluster randomized sampling was used or simply stated that
“randomization” was used. Selective reporting bias was also examined. Except for one
study with missing data, all the other studies fully reported study results.

3.4. Random-Effect Model Meta-Analysis
3.4.1. Main Effect

The primary goal of this study is to understand the nature of the effect of educational
robots on student learning. Figure 3 displays a forest plot of the included studies. The
forest plot shows the 95% CIs of the ESs of individual studies. Given a high heterogeneity
(I2 = 82%, p < 0.00001), a random-effects model was applied. A significant overall effect size
(g = 0.57, 95% CI [0.49, 0.65], p < 0.00001) indicates that teaching methods incorporating
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educational robots are conducive to learning outcomes. In general, teaching methods using
educational robots can improve learning outcomes by 0.57 SD, a moderate but significantly
positive effect according to Cohen and Lee [69]. In addition, the sensitivity analysis showed
the results were robust, and the effect size did not vary considerably when the leave-one-out
method was used. Regarding sensitivity analysis, the effect size did not vary considerably
neither when results were computed by using the leave-one-out method.

 

Figure 2. Risk of bias.

Figure 3. Forest plot of the effect sizes [26,53–68].
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The funnel plot is a common method for qualitatively measuring publication bias,
and it is based on the hypothetical design that the accuracy of the estimation of the effect
of intervention measures increases with the increase in the sample size. Figure 4 shows
the result of the funnel plot for the 17 articles (k = 34) and it suggests no significant
publication bias.

Figure 4. Funnel plot. Note: Each circle represents one effect size included in the meta-analysis.

3.4.2. Moderator Analyses

We conducted moderator analyses to determine the possible explanations for the high
heterogeneity among studies. The random-effect mode was chosen to explore the effect of
potential moderator variables identified in this study, including educational level, subject
area, treatment duration, assessment type, and robotic type.

Table 2 shows that the SMD of each subset was positive and exclusive of zero, indicat-
ing that students who used educational robots achieved higher learning effectiveness than
those who did not. In addition, educational level and assessment type were significantly
related to the variability in the learning effectiveness. However, three moderators were
not significant: the subject area, treatment duration, and the robotic type. The following
sections present the results for each moderator.

To examine if the influence of educational robot-based classroom instruction varies
across educational levels, studies were divided into four subsets based on research setting:
pre-school setting, primary school setting, secondary school setting, and higher education
setting. As indicated in Table 2, educational robots were found to have positive effects on
student learning at all educational levels. In terms of the strength of the effect, educational
robots had quite a strong effect on student learning at secondary school level (g = 1.69)
and higher education level (g = 1.42), and had a less strong effect at primary school level
(g = 0.78) and pre-school level (g = 0.55).
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Table 2. Results for the moderator analyses.

Moderator Variables k SMD Z I2 (%) p

Educational level 73.5 0.01 *
1. Pre-school 5 0.55 2.64
2. Primary school 18 0.78 5.13
3. Secondary school 3 1.69 2.14
4. Higher education 8 1.42 6.76

Subject area 0 0.69
1. Social science and
humanities 19 0.80 7.05

2. Science 15 0.87 3.46

Treatment duration 0 0.57
1. 0–4 weeks 12 0.92 6.17
2. 4–8 weeks 13 0.72 5.01
3. Above 8 weeks 9 0.79 3.43

Type of assessment 83.7 0.046 *
1. Exam mark 11 0.97 4.84
2. Skill-based measure 16 0.49 3.56
3. Attitude 7 1.23 8.08

Robotic type 0 0.54
1. Robotic kits 9 0.88 3.56
2. Zoomorphic social robot 11 0.71 5.36
3. Humanoid robot 14 0.91 4.53

Note: * p < 0.05.

The included studies involved a diverse range of courses. To examine whether the
use of educational robots in classroom instruction is more beneficial for some courses than
for others, we separated the courses into science courses (e.g., mathematics and computer
programming) and non-science courses (e.g., English and theater). Eligible studies were
equally distributed between the two subsets. We also compared the treatment duration
using moderator analysis. The results suggested that subject area (I2 = 0%, p > 0.05) and
treatment duration (I2 = 0%, p > 0.05) had no significant moderating influence on the
relationship between the use of educational robots and learning outcomes. In other words,
the effects of educational robots used in different disciplines were not different, and the
effects of implementing robotics-based educational tools from less than an hour to above
eight weeks were not significant.

The learning outcomes of educational robot-assisted learning were often assessed
using an examination score or some skill-based measure. Further, self-report questionnaires
were also used to elicit student attitudes toward the course. It was found that the effects
of educational robots in the classroom were totally different according to the type of
assessment (I2 = 83.7%, p < 0.05). The results show that the implementation of educational
robots in student attitudes (g = 1.23) were significantly better than in exam mark (g = 0.97)
or tests of skill (g = 0.49). Further, no significant heterogeneity value was found within each
robotic type (I2 = 0%, p > 0.05). The ESs produced by studies implementing robotic kits,
social robots, and humanoid robots were +0.88, +0.71, and +0.91, respectively.

4. Discussion

4.1. The Learning Effectiveness of Educational Robots

This study meta-analyzed 17 articles that examined the learning effectiveness of
educational robots. Educational robots were found to have a moderate but significantly
positive effect on student learning outcomes. This finding suggests that educational robot-
based classroom instruction tends to produce better learning outcomes than traditional
lecture-style teaching. This finding corroborates the positive results reported in previous
review studies [5,34,37]. Several possible explanations might contribute to why students
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who received robot-based classroom instruction had better learning outcomes than those
who were taught by traditional teaching methods.

First, some advantageous features of educational robots including the possibility
of performing repetitive tasks precisely [31] can be leveraged for teaching purposes if
they match the instructional goals. Woo et al. [37] found that social assistance humanoid
robots (e.g., Pepper and NAO) have been used to support classroom teaching by reducing
time-consuming and tedious repetitive activities. As a teaching tool, the repeatability of
educational robots would provide more in-class time for collaborative learning activities.
Thus, teachers are allowed more time to monitor student learning progress and provide
timely assistance when problems occur.

Another explanation for this finding may be that educational robots can facilitate
learning [70]. The use of educational robots can help to inspire curiosity and an enjoyable
learning environment via interesting activities and practical experiences [23]. In addition,
Alemi et al. [56] argued that the pleasure of the robot brought interesting interactions
and lowered students’ anxiety during the learning activities. The robot’s friendly attitude
towards children added an element of non-judgment and comfort to the interaction while
learning, which in turn lowered the fear of making mistakes.

Third, previous reviews (e.g., Cheung and Slavin [71]) suggested that a sample size of
250 or fewer can be treated as small. Small sample size is a common concern for nearly all
studied in the meta-analysis. Compared with those with large sample sizes, studies with
small sample sizes tend to be more strictly controlled and thus there is a higher chance of
obtaining positive results [72]. In addition, the file-drawer effect is more likely to occur in
studies with small sample sizes where null effects are found.

4.2. Moderators for Educational Robots on Learning Effectiveness

Five factors were included in the moderator analysis. With regard to the factor of
the educational level, results showed that the difference between the summated ESs of
educational levels was found to be statistically significant; however, given the small number
of studies included, interpretation of the ESs must be carried out with caution [73]. There
were quite strong effects for secondary school students (note that k = 3) and higher education
students (note k = 8), moderately strong effect for pre-school children, and strong effect
for primary school students. These divergent findings might not be easily interpreted
by a discerning pattern. However, one might tentatively speculate that robots are still
limited in their capacities to perceive the human world [74]. Moreover, robots are typically
used in situations where the lessons are short and well-structured, and delivered with
little adaptation to the needs of an individual learner or a curriculum [75]. Therefore,
the small effect of educational robots on student learning might be attributed to factors
such as the learning content, activity format, or course requirements at the pre-school and
primary levels.

In addition, Fernández-Llamas et al. [76] noted that younger students were more
familiar with robots and were also more likely to believe that robots could think [77].
However, findings of some studies suggest otherwise. For example, Serholt [78] found
that children expected that a robot could understand their intentions like a human teacher
does. When the robot failed to do so, children would perform the task on their own or
stop interacting with the robot. The study also pointed out that it is paradoxical to see that
robots with a humanoid appearance actively participated in a learning activity but they
were deficient in social interaction and cooperation skills were non-existent. Together, these
findings suggest that the adoption of educational robots at the pre-school and primary
levels requires a more careful instructional design. Moreover, looking ahead, we hope
that robots someday reach an adequate level of humanlike perception and communication
abilities to play such a role in interpreting their intentions, much like human teachers do.

Second, with regard to the type of assessment, the difference between the summated
ESs of the groups was found to be statistically significant. The meta-analysis revealed that
educational robots had a stronger impact on student attitude and were slightly weaker
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in improving theoretical and skill examination scores. Chin et al.’s [30] study found that
students’ attitude toward the educational robot was positive. In another study, Benitti [34]
reported that the young people with different interests could potentially benefit from
educational robot-based instruction. It is possible that interaction with robots can increase
student motivation, engagement, and attitude towards education. Given these findings,
future research on the application of educational robots should consider exploring how
these tools in school environments can be better employed to promote the learning of
knowledge and skills.

Third, statistically significant differences were not found among the moderators of
subject area and robotics type. This seems to be an unsurprising result. The effectiveness
of educational robots depends on various factors, and they must be adaptable in real
time [7]. In general, there appears to be no discrepancy in learning outcomes if the robot
chosen is suitable for the specific discipline. Prior studies showed that educational robots
can help improve student learning outcomes in mathematics and science courses [27,79].
Chang et al. [31] reported that socially assistive robots can promote English language skills.
However, to meet the learning purposes of incorporating robots in classroom settings,
they must be deployed and studied in the context of their primary use. For example, it is
unreasonable to use complex robots with pre-school children in a classroom setting. As
such, future research has a responsibility to explore the use of different of robotics in terms
of different learning activities.

Finally, the three categories of treatment duration are proved to be insignificant. This
finding is in line with results of recent reviews (e.g., Cheung and Slavin [71]) which have
consistently found that technology has no effect in improving student learning in the long
run. Moreover, another factor for the nonsignificant result might be learning intensity
because not every study reviewed in this meta-analysis indicated if students spent an equal
amount of time using educational robots.

5. Conclusions

Undoubtedly, educational robots will be expected to take on a more vital role in schools
in the future. Therefore, how educational robots can be best integrated into classroom
instruction is a question that deserves greater attention. Despite the proposed advantages
of incorporating educational robots in student learning [5,23,34,80], currently researchers
have not given particular attention to the overall effectiveness and parameters of successful
intervention aiming at the use of educational robots in school settings. To address this
gap, this study, therefore, conducted a meta-analysis of the effects of educational robots in
the classroom.

This study found supporting evidence for the positive effects of educational robot-
based interventions on student learning (mean ES = +0.57), suggesting that educational
robots can be leveraged to facilitate student learning. Moreover, the homogeneity test
indicated that there was a high level of heterogeneity among the effect sizes of the studies
reviewed in this meta-analysis. To further investigate this heterogeneity, five factors
including course type, education level, treatment duration, assessment type, and robot type
were quantitatively assessed using the moderator analysis. Our findings partially support
and enrich the existing research in various ways. Some of the findings provide guidance and
direction for the process of educational robot operation. In terms of treatment duration, the
usefulness of robotics-based instruction remains stable as the duration of implementation
is extended. What is clear from investigating the moderator effect of subject area and
treatment duration is that the choice of robot usually depends on practical considerations.

Overall, course designers and teachers can use these results in course design and
facilitation of learning to improve student’s learning in educational robot-based courses
as well as differentiating their practices according to course level (e.g., children and un-
dergraduate students), discipline, and robotic type. Finally, we hope that the results of
this study can further advance our understanding of implementing educational robots in
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formal learning settings, and enhance the quality of education for students engaged in
robot-based learning.

6. Limitations and Future Research

A first limitation was that this study only focused on several factors that might
affect the effects of educational robot interventions. It did not consider other factors
such as gender differences or socio-economic status which might also influence student
learning outcomes. Future research should consider how these and other factors might
be related to students’ academic performance involving the use of robotic technology in
education settings.

Another limitation was that most randomized-controlled studies included in the meta-
analysis were conducted with children aged 8 to 12 years old. Further research should be
conducted to explore how these findings can be applied to different age groups.

Finally, although it is central to analyze specific characteristics of the intervention’s
influence on the effect of educational robots in formal learning environments, in the future
it will be valuable to explore interaction effects among moderators, which can provide
valuable information to answer questions such as “do these intervention components
amplify or attenuate each other’s effectiveness?”
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Abstract: The loss of biodiversity and the accompanying “plant blindness” are major problems for
mankind. Biology classes in Germany deal with this topic with the aim of enabling students to
identify plants in their surroundings. Here, the process of plant identification plays a key role. To
render the process of plant identification, more student-oriented, new digital approaches are being
developed. Thus, teachers are now being confronted with digital tools for plant identification without
having exact knowledge of their added value. This intervention study was therefore conducted in
order to determine the effects on learning by means of a paper-based dichotomous identification key
(Eikes Baumschule) and a digital identification app (ID-Logics). The results show that both tools have
individual media-related differences that should be considered when designing learning strategies:
With the previously reduced, paper-based tool, students can identify plants more quickly and often
more correctly. However, the digital app has advantages in terms of enjoyment and learning about
individual characteristics of plants. The study shows the challenges and opportunities associated
with the (digital) medium. Furthermore, it sheds light on the process of species determination and
reveals further fields of research in science education.

Keywords: media in education; mobile learning; teaching/learning strategies; species identification

1. Introduction

The loss of biodiversity is one of the biggest challenges of the 21st century [1]. But it
seems that this problem is not a priority in the public eye. This low awareness can partially
be explained by the lack of species knowledge in society. Whereas large animal species
are still in the focus of social perception, the decline in inconspicuous animal species is
hardly registered. Empirical studies show that knowledge and interest about plants is
anything other than widespread. This phenomenon is called “plant blindness” [2]. Studies
have shown that this problem has been increasing in recent years [3,4]. Numerous studies
have attempted to combat plant blindness by investigating and developing new methods
for improving plant knowledge in schools, e.g., [5,6]. These studies have shown that
young students have a poor or very limited knowledge of species, and that conveying or
improving this knowledge is a difficult task for educators.

One recent hope for motivating students to take more interest in plants and their
identification lies in the development and use of digital identification tools. Many scientists
are advocating the digital approach towards the identification of plants, since they expect
an easier accessibility as well as better learning outcomes [7–9]. But only few empirical
studies have so far analysed the effects of digital identification tools on students. Stagg
and Donkin [10] conducted a comparison study in the United Kingdom using the usability
concept, in order to test the effectiveness of printed identification keys versus digital multi-
access keys. The results of the study were inconclusive as to which key was more usable.
But they also speculated that younger students may show a stronger preference for the
digital application. Jacquemart [11] tested a digital dichotomous identification key in
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basic level university courses by creating a distance learning environment. This setting
revealed that the digital presentation of plants can be useful for students to practice their
identification skills and gather knowledge about plants and their characteristics.

But there is still little known about the impact of digital tools at school level and
whether they can improve learning processes. In general, empirical information on the
impact of digital media on student learning is limited. So far, digital tools have often been
studied under lab conditions and results have been obtained that are difficult to transfer
to authentic field trip contexts in schools. Therefore, teachers and professionals know too
little about the impact of digital tools, particularly when they are used in authentic learning
environments. Nevertheless, they are obliged to use them, since some German federal
states such as Saxony-Anhalt included the identification of plants with digital tools in the
biology curriculum of the 9th grade [12].

But what potential do modern plant identification keys designed for schools really
offer, and how do they support the learning of plant identification and specific plant
characteristics? This question remains open in view of the inconclusive results and the
few studies available. To answer this question, we investigated the effects of two different
identification tools: a digital polytomous key and a reduced paper-based dichotomous key
for plant identification. In order to provide an authentic context for our study, data were
collected during a school field trip.

2. Theory

2.1. Plant Blindness and Species Knowledge

Bollnow [13] (p. 119) stated: ‘We see only those plants for which we have names’.
Accordingly, an aspect of plant blindness is a lack of knowledge about plants (species
knowledge) and another is the inability to recognise individual plant specimens by means
of species identification [14]. In a broader context, the knowledge of species is thus nec-
essary as a basis for understanding biodiversity. Only through species knowledge and
the appreciation of biodiversity can problems such as biodiversity loss be recognised by
students [15–18]. Hooykaas et al. [19] presented the concept of ‘species literacy’—a con-
cept of biodiversity which focuses on species—in order to tackle the loss of biodiversity.
Therein, the ability to identify species and thus the understanding of the species concept are
described as essential in order to increase people’s awareness of biodiversity and species
loss. Despite their great significance for life, plants have a very low priority for school
children [20,21]. In Germany, for example, the interest of young people in identifying plants
and in the subject area of botany halved from 40% to 20% between 1997 and 2003 [22].
International studies also indicate that plants play only a subordinate role in students’
interest [23]. Subsequently, it is not surprising that students only have a very rudimentary
knowledge of species [24]. Jäkel and Schaer [17] were able to show that primary school stu-
dents can name less than five species with certainty. Especially in the case of woody plants,
great deficits in species knowledge were revealed. Further studies demonstrate that stu-
dents recognise only a few species in general, such as dandelions and daisies [15,17,24–28].
Tunnicliffe [29] was able to demonstrate that primary school children strive to learn or
know the names of the plants presented to them in order to match what they see with their
own concepts. The studies from Lindemann-Matthies [30] or Jäkel and Schaer [17] also
showed that both interest and species knowledge can be positively influenced by intensive
engagement with the subject in school and out-of-school learning situations. Especially out-
of-school environments that cannot be replicated in the classroom seem to be an effective
way of increasing student interest and engagement in a subject [31]. As has already been
shown in other studies on interest in plants, a subject-specific difference between girls and
boys exists in this respect [27,32,33]. This gender difference also influences the ability to
recognise species. For example, various studies have shown that female students have a
better knowledge of plants than male students [30,34,35]. On the one hand, this manifests
itself in the general knowledge of species, and on the other, in the ability to recognise them.
Suggested possible influencing factors for this difference are a higher interest in animals
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and plants [15,17] or in biology lessons in general [21], as well as a higher appreciation for
plants [35]. It is this literature that roused our interest in the gender-specific effect of the
plant identification tools on species learning.

2.2. Identification Tools

Educational researchers have long been looking for opportunities to address the
problem of increasing plant blindness in students and to find the corresponding answers.
Contact with nature and plants should be encouraged in an early stage of child develop-
ment, such as in kindergarten and elementary school, e.g., [26]. Interest in plants, however,
often diminishes as personal development progresses, as plants and nature do not have
a prominent standing in our technically oriented world [23]. One reason for the growing
plant blindness among students seems to be that nowadays, students rarely experience
nature directly. Instead, digital media usually play a dominant role in students’ everyday
life. According to the Bitkom study [36], 67% of 10- to 11-year-olds and already 92% of 14-
to 15-year-old students own a smartphone. Consequently, it makes sense to address young
people through this medium. As a result, many applications and approaches have been
developed in recent years for plant identification. Some of these applications use pattern
recognition to virtually automatically identify plants based on digital image recognition.
Chaki et al. [37] developed a Neuro-fuzzy classifier that uses plant leaves, which proved
an 80–100% classification accuracy, depending on the respective species. Sekeroglu and
Inan [38] demonstrated that their neural network approach could recognise 97.2% of the
27 leaf types. Often, these programs use images of distinct plant features such as leaves or
blossoms to identify a species. All of these popular programmes take pictures and transmit
them online to a server for analysis, which performs the identification, so that in the end
the species can be identified by the program.

But botanical species expertise in school is not only focused on memorising the correct
names of species. Rather, a (blind) dependence on a purely server-based identification
should be counteracted. And a competence for a scientifically oriented education should
be built up among the students. The main objective here is to train students in one of the
oldest skills in biology: the ability for plant identification. For learning and identification in
the case of living beings, it is crucial to take students by the hand and train them to identify
essential biological characteristics. Through the ability to identify plants, students are en-
couraged to take a closer look at these, and discover the unique biological characteristics of
individual species, which could help reduce the students’ plant blindness. Also, enhancing
species knowledge is assumed to increase the awareness for biodiversity and its possible
loss [19]. Therefore, these identification tools that seem promising and appealing at first
sight, and work with an automatic identification algorithm were not considered in this
study, since the learning goals do not focus only on the species name. Thus, this study
focused on two identification keys specifically designed for school use.

Dichotomous paper-based identification key

Conventional identification tools such as the identification key ‘Rothmaler–Excursion
Flora of Germany’ [39] are built up dichotomously. This means that users must decide
between two descriptions of a certain identification character of the plant to move forward
in the process. The identification process is predetermined and does not consider season or
location. In order to use these tools, students require extensive knowledge about scientific
botanical terms, which are used to describe a certain characteristic of a plant and its different
appearances. Furthermore, certain characteristics are seasonal and may not be available at
the time of the identification process. This may lead to problems and result in the failure of
the process, which is accompanied by demotivation and loss of interest. Such identification
tools are mostly used by experts and are rarely applicable in schools. To give students
an easy access and the ability to determine plants in a specific area, different tools have
been developed in recent years. For instance, Feketitsch [40] developed an adaptable
dichotomous identification key based on a digital algorithm. This digital identification tool
allows teachers and educators to create a printable key before beginning the lesson with a
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reduced scope of species—specific for the shrubs and trees of a certain area. In order to
create a customised printable version for plant identification, an educator can select a subset
of species out of a total of 85 shrubs and trees in the tools list from Eikes Baumschule [41].
The identification process is guided and based on the graphical representation of the
important characteristics (Figure 1). It reduces the botanical terms and written descriptions
of the plant features to a minimum, so that laypersons can easily identify shrubs and trees
within a limited spectrum of species. Nevertheless, these advantages (easy access, the
limitation of species scope) mean that the tool cannot be used universally in every situation,
since a preselection of the species is required.

Polytomous multi-access key

A rather new possibility for identifying plants that opens up from digitisation is the
use of polytomous identification keys. The ID-Logics app (INITREE Software GmbH, Berlin,
Germany) used in this study was designed and developed specifically for students under
consideration of their problems in understanding written descriptions. The digitisation
provided developers with new ways of presenting plants and guiding students through
the identification process. Here, the dichotomous path was replaced by a polytomous
algorithm which presents more than two characteristics of a plant feature to the user in
the form of a graphic representation (Figure 1). For previously identified problems with
the recognition of plant characteristics, explanatory videos are offered that establish a
connection between form and function [42]. In addition, the app possesses a fault toler-
ance that helps students in the process of identification. In this way, the algorithm of the
ID-Logics app can determine the probability of remaining plants and quickly reduce the
number of species. Only specific characteristics are presented that usually lead to about
1–6 remaining final species. These species are presented as pictured and illustrated fact
sheets to help the students verify the plant in front of them. By using digital media with
access to the current date, the season is also taken into consideration for the identifica-
tion process. Thus, the ID-Logics app only offers features that are available during the
particular season.

Similarities and differences between the identification tools

Nowadays, teachers are faced with the question of which tools are suitable for identi-
fying plants, as they can choose from digital and analogue tools. The use of digital tools,
for example in plant identification, opens up new possibilities which, according to the
SAMR model [43], should go beyond a simple digitisation of an analogue structure, i.e.,
a simple replacement, in order to offer an added value process (Table 1). For example, a
digitally designed tool such as ID-Logics not only enables new approaches towards plant
identification, but also presents teachers with new opportunities and challenges in its use.
This leads to a redefinition of the learning process [43]. Therefore, the intention of this paper
is to investigate the impact of a new digital approach with a similar identification tool. As
already mentioned, the digital assessment process cannot be reproduced on paper, so that
this attempt also has its limitations. Nevertheless, an attempt was made to ensure a high
degree of comparability in the choice of tools. Thus, both keys were developed empirically
for the use by students to help identify plants [40,42]. Both tools focus on a graphical
representation during the identification process rather than on text-based descriptions.
During the development process of both tools, the developers (Affeld & Groß: ID-Logics;
Feketitsch & Lehnert: Eikes Baumschule) reported that novices indeed benefit from this
approach. But in some aspects, the tools differ: While Eikes Baumschule is a dichotomous,
paper-based identification tool that offers a pre-selected species spectrum, the ID-Logics
app is a polytomous multi-access key that works with the full range of species (n = 192) on
offline digital devices.
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Table 1. The SAMR model for assessing the integration of digital technologies in biology education
adapted from [43,44].

Level Definition Added Value

Enhancement
Substitution An analogue medium is digitally offered. No functional enhancement

Augmentation Digital technologies provide improvements
(e.g., audio, video and animation).

Low functional extension
(e.g., non-linear information access).

Transformation

Modification

Digital technologies bring about
fundamental changes in teaching (e.g.,

cooperative location-independent
work with etherpads).

Individualised, cooperative and
product-oriented-constructive

extension.

Redefinition
Use of digital technologies enables new

forms of teaching (e.g., non-dichotomous
identification of plants).

Teaching and learning opportunities
that cannot be implemented with

analogue media.

2.2.1. Usability of an Identification Key

Identification keys are important tools for laypersons and experts in order to identify
species and learn about nature [45]. These keys are also important for estimating biodi-
versity and, moreover, its loss. In 1992, the Global Biodiversity Assessment stated that
‘The range of available field guides, keys and other identifying aids is a major constraint to
the assessment of biodiversity’ [46] (p. 568). To study biodiversity with students despite
this constraint, identification keys with high usability should be used. This may motivate
students to use these tools in their everyday life as well as enhance their knowledge about
nature. The usability concept was defined by Lawrence and Norrish [47] with three param-
eters: efficiency, satisfaction and effectiveness. Efficiency is the minimised time and effort
required to identify a plant. Satisfaction is the enjoyment of using the guide. Effectiveness
is the ability of a user to make a successful identification. Since success is not the only
parameter for effectiveness in school, the concept was expanded in this study to include
species knowledge and characteristics learning.

2.2.2. Characteristics Learning—The ‘Leaf or Leaflet’ Problem

The study from Affeldt, Groß and Stahl [48] showed that students can generally
identify several tree characters, but tend to focus on the description of leaves. The ’leaf or
leaflet’ case chosen as an example illustrates the following educational challenges: Most
of the students’ conceptions of leaves differ from the scientific perspective. In the study
from Affeldt, Groß and Stahl [48] (teaching experiments, n = 28), students described all
kinds of leaves as ‘green’, ‘simple in shape’ and ‘with a stalk’. Botanists also use leaves as a
central character to identify trees. In doing so, they distinguish between simple, pinnate or
lobed leaves. The ability to differentiate between different types of leaves is a prerequisite
for conventional identification tools, but most students have problems in distinguishing
between simple leaves and the leaflets of pinnate leaves. The study demonstrated that
students were not aware of these differences and interpreted a leaflet as a simple leaf.
The authors pointed out that these students used their basic-level concepts of leaves [48].
These concepts reflect our everyday experiences and disregard complex issues of scientific
conceptions and therefore, most of the students do not apply the concept of pinnate leaves.
As a consequence, in the process of tree identification, students encounter situations in
which they need assistance. In the ID-Logics-app, two ways of meeting these challenges
were designed: Firstly, interventions with additional information were developed. In case
of the ’leaf-or-leaflet’ example, an explanatory video was used that explains how to identify
a single leaf: ‘You can identify a single leaf by looking at the connection of the base of
the leaf-stalk to the twig: it broadens and there is a bud directly above it.’ (ID-Logics).
Secondly, the database was enlarged with regard to the students’ perspectives. Trees with
pinnate leaves now contain the trait ‘simple’ in the feature library in the database. Based on
these changes, the process of tree identification is more likely to end with the scientifically
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correct naming of the species. In contrast to traditional identification tools, the diversity of
features and the quantity of identification steps during the process were reduced. Hence,
a programmatic logic with multifactorial reduction in characters was designed, which
uses information about the remaining species and available features. Eikes Baumschule
also aims at taking the pupils’ concepts into account in the identification key. Similar to
the ID-Logics app, it uses mainly symbolic representations of plant features. However, to
overcome misconceptions in the identification process, it rather relies on the teacher. In the
identification key, only graphic accents such as a red outline of features are offered.

Figure 1. The app ID-Logics (left) [49], dichotomous identification key Eikes Baumschule (right) [41].

2.3. Research Question and Hypotheses

The central question of the exploratory study was whether modern identification
media represent a more effective and efficient approach to the well-known problem of
plant blindness. In other words, to what extent does a digital plant identification key
help students learn plant identification and specific plant features? In order to empirically
investigate this rather broad question, the concept of usability [47] was adopted and the
question was divided into several hypotheses.

Hypothesis 1. Effectiveness of the tool.

We expect both the polytomous multi-access key (ID-Logics app) and the reduced
identification key (paper based) to positively influence the ability to identify plants. Fur-
thermore, the type of identification key also has an influence on the recognition of the leaflet.
Female students are expected to remember more species correctly than male students.

H1a. Due to the visual scaffolding we expect that the ID-Logics app should be more effective than
the reduced identification key.

H1b. Due to the graphical presentation and the assistance in the ID-Logics app designed to meet
learner’s needs, we assume that students will learn to recognise morphological features such as the
leaflet better with the ID-Logics app.

H1c. Female students can remember more species correctly when using the ID-Logics app, due to a
higher affinity for plants.

Hypothesis 2. Efficiency of the tool.

The type of plant identification key has an influence on the time required.

H2. Due to its limited number of species, we assume that the reduced identification key will lead to
a quicker identification process.
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Hypothesis 3. Satisfaction with the tool.

The type of plant identification key influences the reported enjoyment.

H3. Due to the graphical presentation, the individual support functions and the general enthusiasm
of the students for technology, we assume that the ID-Logics app will achieve a higher level of
enjoyment than the reduced identification key.

3. Materials and Methods

3.1. Participants and Procedure

This experimental study was carried out in collaboration with a high school in Saxony-
Anhalt, Germany. The intervention consisted of a one-day field-trip to a meadow with
typical shrubs and trees. All students were in the late 9th or early 10th grade and were
on average 14–16 years old (M = 14.8, SD = 0.628). The intervention was planned for
310 students from a total of twelve classes. Of these, 283 (52% male, 48% female) took part
in the study, spread over four field-trip days.

The respective sample size of the study varies depending on the research design and
question and is therefore shown separately in the presentation of the results. Missing values
that arose during the research are analysed in the Section 6.

The students were informed about the field-trip 14 days beforehand by the first author
and their biology teachers. Prior to the field-trip, the students had received no specific
training or preparation for identifying plants. The students went through the normal school
curriculum, which focused on plant and species identification in the 7th grade. Since the
field-trip was part of the regular biology class, all students were required to participate.

During the field-trip, the students visited eight learning stations that focused on
different aspects of the meadow’s ecosystem (e.g., water quality, calculation of the flow
velocity of the river Saale, soil analysis). Since the field-trip area was located on a small
island, the students assembled into groups of 10 people at maximum and walked freely
between the stations. To prevent agglomerations at the stations, the groups were advised
to move clockwise between the stations. Thus, each station was only visited by one
group at a time and no direct interaction between the groups was possible. One of the
learning stations was the plant identification station. Here, each student had to identify
five previously marked shrubs and tree species. Two of these species possessed compound
leaves comprising of leaflets, which the students had to consider during the identification.
To evaluate the usability of the assigned tools during the plant identification exercise,
an experimental setting was employed. The student groups were randomly assigned
to one of two tools (see Figure 2). They either received an iPad with the identification
software ID-Logics or a paper-based identification tool derived from Eikes Baumschule
(see Section 2.2). The paper tool was designed for the specific area and only included
25 local tree and shrubs species. After assigning the groups to the tools, standardised
instructions were given, specific to the tool used. Arriving at a tree, students were asked
to write down their assumption of the tree’s species name. Thereafter, they commenced
the identification process. Each time the students identified a plant, they were asked to
note their identification results. The students could decide on the order of the identification
process themselves and were allowed to move freely within the plant identification station
area. No time limit for the identification process was given. The time the students needed
to identify a tree species was recorded by a research assistant who helped with general
orientation in the area but was not allowed to intervene during the process. In order to
measure their satisfaction, the students were to fill out a questionnaire immediately before
and after they entered/left the identification area. The standardised questionnaire focused
on intrinsic motivation and contained an enjoyment scale.
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Figure 2. Study design.

3.2. Data Collection

To answer the research question, we determined the following variables: usability,
characteristic identification, and species learning. Data were collected before, during and
after the field-trip by means of observation as well as via pen-and-paper questionnaires
(see Figure 2).

3.2.1. Usability

Students were asked to note their final result after each identification process. To
evaluate the usability of the two keys, the effectiveness, efficiency and satisfaction were
measured according to Lawrence and Norrish [47]. In order to assess the effectiveness
of the identification tools, the students’ success rate was determined as the proportion of
correctly identified species with scores ranging from 0 to 1.

To measure the efficiency of the identification tools, the time needed for the identifica-
tion process was recorded. The students’ satisfaction with the key was measured using a
short questionnaire and the ‘enjoyment’ scale, provided after the identification procedure.
The ‘enjoyment’ scale was taken from the Intrinsic Motivation Short Scale (SIM), which
is based on the theories and templates on intrinsic motivation by Decy and Ryan [50].
The SIM was chosen because it is designed for school situations and has already been
translated into German [51]. Studies also showed that the scale ‘enjoyment’ can be deemed
reliable and valid (Table 2). The students were instructed to rate their agreement to the
respective statements on a 5-point-Likert-scale (ranging from 1 = I do not agree to 5 = I
agree completely). For further information see the results that will be published separately
in Finger, Bergmann-Gering and Groß [52].

Table 2. Background information on the used self-report scale ‘enjoyment’.

Scale Items Example Origin Cronbach’s α Based on Used by

enjoyment 3 I enjoyed identifying species using
the identification tool [50] 0.77 [50,53–55] [56–58]

3.2.2. Characteristic Identification Test—Leaf or Leaflet

In order to assess if the tools can support the learning of certain plant characteristics,
the students’ ability to learn and recognise an important characteristic was measured.
For this purpose, students were examined 14 days before (pre-test) and 14 days after the
field-trip (post-test) (Figure 2). During the test, they were asked to circle a single leaf of
each species presented. Of the 4 presented species, only one had the leaflet characteristic,
the others had leaves.

3.2.3. Species Learning

To test the effect of the tools on species learning, we evaluated the students’ ability to
remember the identified plants during the post-test 14 days after the field-trip (Figure 2).
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The students were required to write down the five shrubs and trees which had been
presented to them during the field-trip. The number of correctly named species (0 to 5) was
then recorded for each student.

3.3. Data Analysis

All data analyses were performed with IBM SPSS Statistics for Windows 25.0 (IBM
Corp., Armonk, NY, USA). We used different analytical approaches with regard to the
respective hypothesis. Assumptions (i.e., no significant outliers, normal distribution of
residuals) were checked in the case of all analyses by means of extensive descriptive
analyses. Unless explicitly stated in the Section 4, all assumptions were met.

Group-specific differences in effectiveness (rate of successful plant identification),
efficiency (time taken) and enjoyment (self-report scale) were each analysed with a One-
way Analysis of Variance (ANOVA) with the medium (digital or paper-based) as a fixed
effect (H1a, H2, H3).

In order to examine the relation between the medium used and the ability to identify a
leaflet before and after the intervention, a repeated-measurement ANOVA was conducted,
with time (pre/post intervention) as within-subject factor, medium as between- subject
factor, and expected interactions between both factors (H1b).

Differences in the students’ ability to learn species names (H1c) were analysed using a
two-way ANOVA with gender (male/female) and medium (digital/paper-based), as well
as their interaction as fixed effects. The pairwise comparisons of the subgroups for medium
and gender were performed using a post hoc test with Bonferroni correction of p-values.

4. Results

4.1. Usability

The results on effectiveness revealed a large and statistically significant difference
between the tools (F(1,217) = 56.32, p < 0.001, partial η2 = 0.206, Table 3). The efficiency
of the tools was determined by recording the individual identification time. It differed
statistically significantly with a large effect between the two tools (F(1,159)= 23.53, p < 0.001,
partial η2 = 0.275). Students who used the digital tool were engaged in the process for
about 6 min longer than the group with the reduced paper-based identification key. The
results on enjoyment showed a statistically significant, but small-sized effect between the
tools (F(1,250) = 6.748, p < 0.01, partial η2 = 0.026.

Table 3. ANOVA results for average success and efficiency of the plant identification.

Key Characteristic Variable

Reduced Paper-Based
Identification Key

Digital Identification
Key (ID-Logics App) F p N2 Partial η2

M1 SD M1 SD

effectiveness Proportion of correctly
identified species 0.76 0.27 0.49 0.27 56.32 <0.001 218 0.206

efficiency Total time of species
identification [min] 18.98 1.166 25.139 0.885 17.704 <0.001 160 0.275

enjoyment Enjoyment 3.15 0.088 3.48 0.091 6.748 0.01 251 0.026

M1 (mean), SD (standard deviation). N2 (sample size), partial η2 (effect size).

4.2. Characteristic Identification Test—Leaf or Leaflet

Table 4 shows the test results in relation to the learning outcomes when differentiating
between leaf and leaflet. To avoid falsification from a pre-test effect, the survey was carried
out in a pre- and post-test inquiry on different tree species and was statistically evaluated [59].
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Table 4. Descriptive statistic for leaf/leaflet recognition (% correct and false answers) (N = 197).

Pre-Test
Reduced paper-based identification key Digital identification key (ID-Logics app)

European
Beech

Sycamore
Maple

Common
Hazel Robinia European

Beech
Sycamore

Maple
Common

Hazel Robinia

Leaf/leaflet Leaf Leaf Leaf Leaflet Leaf Leaf Leaf Leaflet
Correct 100 99.21 100.00 18.25 100.00 100.00 100.00 13.60

False 0.00 0.79 0.00 81.75 0.00 0.00 0.00 86.40

Post-Test
Reduced paper-based identification key Digital identification key (ID-Logics app)

Pedunculate
Oak

Norway
Maple Hornbeam Common

Ash
Pedunculate

Oak
Norway
Maple Hornbeam Common

Ash

Leaf/leaflet Leaf Leaf Leaf Leaflet Leaf Leaf Leaf Leaflet
Correct 97.62 99.21 97.33 30.16 98.40 96.80 97.60 60.00

False 2.38 0.79 2.67 69.84 1.60 0.80 2.40 40.00

This learning outcome was statistically significantly different with a medium effect size
between the two tools used by the students only for the leaflet condition, F(2,195) = 21.3,
p < 0.000, partial η2 = 0.098). Figure 3 shows the proportion of correctly identified leaflets
in the pre- and the post-test for both tools.

Figure 3. Leaflet recognition pre- and post-test (N = 197).

4.3. Species Learning

The type of identification tool used by the students had no significant effect on the
students’ ability to remember the identified species (p = 0.88). Students were able to
remember 3.40 species on average when using the ID-Logics app and 2.88 species when
using the paper-based identification tool (F(1,235) = 2.943, partial η2 = 0.020).

In contrast, gender had a statistically significant influence (p < 0.001) on the students’
ability to remember the identified species (Table 5). In general, female students performed
better than male students, regardless of the tool used (mean female: 3.790; mean male: 2.486).
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Table 5. ANOVA results for remembering the identified plant species.

Reduced Paper-Based
Identification Key

Digital Identification Key
(ID-Logics App) pfemale pmale d1

2 d2
3

Female Male Female Male

M1 SD M SD M SD M SD

Rem. Spec.4 3.76 1.79 2.00 1.79 3.82 1.79 2.97 1.79 0.889 0.028 −0.033 −0.541

M1 (mean), SD (standard deviation). d1
2 (Cohens d for comparison of tools in the female subgroup). d2

3 (Cohens
d for comparison of tools in the male subgroup). Rem. Spec.4 number of correctly remembered species [0 to 5].

Overall, the interaction of medium and gender was not significant (p = 0.13). On
average, females performed better than males and the results between the two tools used
did not differ significantly (Mean females: paper-based tool = 3.76, digital tool = 3.82).
However, male students performed significantly better when using the digital tool than
with the paper-based tool (F(1,235) = 4.90, p = 0.028, partial η2 = 0.033 (Mean: paper-based
tool 2.00, digital tool 2.97)). Here, the tool used had a small effect size.

5. Discussion

The aim of this explorative study was to investigate the effects of two different identifi-
cation tools (digital polytomous and reduced paper-based dichotomous) using the adapted
usability concept under realistic field conditions. The usability concept was expanded in
the effectiveness category to include the two indicators of determining characteristics (leaf
or leaflet) and learning species names. These additions were made in order to better assess
the applicability for biology teaching.

Our investigation revealed interesting results: In terms of effectiveness, data show
that students who worked with the reduced identification key were able to correctly
identify more species on average. In terms of learning, the study shows that students
using ID-Logics were more likely to correctly identify the leaflet characteristic. The data
reveal that the tool used had no significant influence on species learning. However, in a
subgroup analysis we found that male participants remembered more species when they
used ID-Logics, while the tool made no difference in the case of females.

In terms of efficiency, the results show that students using the reduced identification
key were able to identify plants faster. As to enjoyment, students using ID-Logics reported
higher ratings.

Overall, both tools in our study have the potential to support students with the
difficult process of plant identification in the field. However, our findings suggest different
opportunities and challenges for each of the two tools. We will discuss the educational
implications of these findings in the Section 7.

5.1. Effectiveness of the Tool

The first hypotheses concerned the effectiveness of the tool. H1a: ‘Due to the visual
scaffolding the ID-Logics app should be more effective than the reduced identification
key’. Indeed, our results indicate that there is a significant difference between the two tools
regarding the effectiveness. Students who used the ID-Logics app succeeded in correctly
identifying a plant in 56% of the attempts, while the group using the paper-based key
had a 76% success rate. Therefore, we fail to reject the null hypothesis 1a. Moreover,
hypothesis 1a has to be revised to: ‘Students who have used the reduced paper-based
identification key can correctly identify more plants than students who have used the
polytomous digital identification tool’. One explanation for this result may be the smaller
species spectrum of the reduced paper-based dichotomous identification tool (25 species).
The ID-Logics app, on the other hand, is a more comprehensive identification tool with
a total of 192 species. This may increase the possibility of errors and lead to a lower
success rate when using the ID-Logics app, as more features had to be identified during
the identification process. However, the final identification step at species level could also
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explain the observed difference, because with ID-Logics, students need to choose between
several (up to six) very similar species. Hence, the risk of confusion is higher in this step
compared to a dichotomous key. Also, the reduced identification key not only limits the
total number of possible species, but also eliminates in advance similar species that do
not occur locally but could be confused with those existent on site. This makes it easier
for students to distinguish between species at the characteristic level, as there are fewer
similar characteristics of closely related species to choose from. However, the comparison
of similar species in the app can encourage a closer look at selected characteristics. This
could also have an impact on the learning of characteristics, as in total, fewer differentiated
characteristics are presented in the reduced determination key. As an indicator for this, the
ability to distinguish between leaf and leaflet was measured.

H1b: ‘Due to the graphical presentation and the learner-designed assistance in the ID-
Logics app, we assume that students will learn to recognise the leaflet better with this tool’.
The ability to recognise specific characteristics of plants is of great importance for the correct
identification of species. In the case of shrubs and trees, the leaf in particular represents
an important feature for identification. In the past, students had problems distinguishing
between leaf and leaflet [42,48]. In this study, the leaflet was correctly identified by only 11%
and 19%, respectively, of the students before the intervention (Figure 3). Students tend to
assume that leaves are undivided [28,40]. The results of our study support the assumption
of a misconception of leaves: in the pre-test, nearly 100% of the students were able to
correctly identify the leaf but less than 20% could identify a leaflet (Table 4). Therefore, our
results coincide with the study of Affeldt, Groß and Stahl [48] and indicate that students
face problems when plants do not match their inexpert concept of an undivided leaf. After
the intervention, we observed a significant difference between students who used the
ID-Logics app and those who used the reduced paper-based key. A total of 59% of the
students who used the ID-Logics app were able to identify the leaflet after the intervention,
whereas only 28% of the students who used the reduced identification key could identify
the leaflet correctly. Therefore, we fail to reject the null hypothesis 1b.

The question arises as to why the two tools had such a different effect. One possible
explanation could be the built-in support systems of the digital tool: the ID-Logics app can
help students overcome learning barriers by presenting explanatory videos and specific
supporting information. Furthermore, the identification process itself possibly helped the
students to distinguish the characteristic of the leaflet. Since the digital tool ID-Logics
is based on multiple graphical representations of one characteristic, students can more
easily compare the original plant with this representation in the tool [42]. These authors
concluded that the feature of emphasising plant characteristics in the ID-Logics app enabled
the students to learn these characteristics more efficiently.

Does it also help students to learn species names when they are familiarised with
specific characteristics? Overall, our results show that the tool had no significant effect on
the ability to remember the species identified during the intervention. However, students
using the ID-Logics app tended (p = 0.88) to remember more species (3.40) than students
with the reduced dichotomous paper-based identification tool (2.88). This tendency should
be further investigated. In this context, hypothesis H1c was created: ‘Female students can
remember more species correctly when using the ID-Logics app, due to a higher affinity for
plants’. The findings indicate that the tool only had a significant effect on species learning in
the male student group (Table 5). This influence may be due to the generally higher affinity
of male students for digital media [60]. Since interest is a relevant factor for learning, digital
media in general, and the ID-Logics app in particular, offer an opportunity to encourage
male students. Nevertheless, we fail to reject the null hypothesis H1c, since females could
in total remember more species.

5.2. Efficiency of the Tool

To investigate the efficiency of the two tools, we formulated a second hypothesis (H2):
‘Due to a limited species selection of the reduced identification key, we assume that the task
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of identifying five species can be solved more quickly.’ We fail to reject the null hypothesis
2 (Table 3). Students using the ID-Logics app required on average six minutes longer for the
identification process than those using the reduced paper-based key. One reason could also
be the higher complexity of the ID-Logics app and thus, difficulties in using this digital tool.
This could also lead to a more intensive preoccupation with the graphical representation
and the identification process itself. The program ID-Logics has a non-linear structure
and distinguishing characteristics are presented based on previous input. This may have
required the students to focus on each and every step of the identification process, especially
when starting the identification process from the beginning. This feature of the program
could also have reduced the students’ cognitive load (based on their pre-knowledge), since
they were rather guided by the program, and this could even have resulted in a higher
attention effect for the students. It is also known that increased attention has a positive
effect on learning [61].

5.3. Satisfaction with the Tool

But does a general difference in the enjoyment level exist? To assess this, the last
hypothesis (H3) was created: ‘Due to the graphical presentation, the individual support
functions and the general enthusiasm of the students for technology, we assume that the
ID-Logics app achieves a higher level of enjoyment than the reduced identification key’.
We fail to reject the null hypothesis 3. Results show a small but significant difference in the
enjoyment level of the students after they finished the identification process. This could be
explained by a general higher affinity for digital tools used in the learning processes or with
the novelty effect. Since students were not familiar with any of the identification tools, this
effect should theoretically be equal for both tools. But since the ID-Logics app was graphically
more advanced and offered different support functions (such as explanatory videos), this
may explain the higher attraction for the students. For a more detailed breakdown of the
motivational as well as the enjoyment aspects of the intervention, see [52].

6. Limitations

Comparing applications in a realistic school environment, even more so in the context
of a field trip, is difficult, which is why limitations can exist in the transferability of
results. For example, not all environmental factors and variables that are held constant
in the laboratory can be controlled in the field. Although both applications differ in the
species range, they are methodologically based on similar principles; namely, the pictorial
comparison of characteristics. Another approach towards plant identification is the textual
representation of the characteristics, as used by many expert keys. Expert keys often
use technical terms of such a specific nature that they can be a decisive obstacle in the
identification process for students. They often need help, because they cannot easily
overcome these hurdles [42,48,62].

Since this was an intervention that took place during school lessons and included a
total of three independent measurement points spread over several weeks, it is obvious
that not all students could be present at all measurement points, for example due to sick
leave. Indeed, 27 of the 310 students in the sample group reported sick for the field-trip.
In addition, 86 of the 283 students who attended the field-trip were reported sick at the
pre- or post-test. We assume that this proportion of missing values was a completely
random figure. Furthermore, from the 283 students who attended the field-trip, we only
generated 218 datasets for our analysis of the correct identification of plants. This is because
65 students failed to submit their results at the end of the station. A relationship between
the missing data and their expected answers to the questions cannot be assumed. Due
to technical problems, in the end, the data from 160 students were finally available for
evaluation for the efficacy analysis. Since this was a random problem, we do not expect that
the missing values will have a significant influence on the validity of the results presented.

In general, this intervention study should help to investigate the use of identification
tools in a realistic school setting. The study shows that further studies are required to
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evaluate the effects of identification tools on learning, as well as their possible use in the
classroom. Due to this practical approach, limitations exist in terms of the instruments,
indicators and design used, as described above.

7. Conclusions

This intervention study reveals how important it is to examine digital media in detail,
with respect to their individual advantages and disadvantages for teaching. Our results
indicate that, taking different aspects of usability into account, there is no simple truth
or automatic preference for the one solution or the other. The results we obtained were
unexpected, leading to the rejection of many of our hypotheses. But what can we conclude
from these findings, particularly for educational practice and for further research?

7.1. Comparing Apples and Oranges?

First of all, it is relevant to note that our study design did not simply compare an
analogue with a digital tool. Rather, with both tools, the first step is a digital one. In order
to use Eikes Baumschule, the teacher first needs to specify all relevant tree species of the
field-trip area, so that the program can generate a dichotomous key from this information.
Therefore, teachers need to familiarise themselves with the local tree species as an initial step
and thereby already perform part of the identification process themselves. Our results indicate
that, based on this pre-selection, the students have certain correlative advantages in terms of
effectiveness and efficiency compared to the polytomous multi-access key ID-Logics. Should
not the faster and more effective tool be generally recommended for use?

The collected data for the self-assessment of intrinsic motivation (enjoyment) in ac-
cordance with the intrinsic motivation concept [50] show that here, the enjoyment of
determining a plant does not necessarily correlate with the speed with which a task can be
solved, since the perceived enjoyment was significantly higher when using the ID-Logics
app. Other factors such as the aesthetics of the plant or the observation of plants have
been identified as important influencing factors for interest/motivation development in
other studies [63]. But to this purpose, time is required, because speeding through the
tasks obviously has a negative effect. Also, the use of ID-logics can promote the learning of
specific plant attributes relevant for identification, as it especially emphasises the aesthetics
and the characteristics of plants. This has also been described in other studies as a positive
factor in combating plant blindness [63].

Thus, we argue here that reduced, pre-selected dichotomous keys such as Eikes
Baumschule are suitable especially for the first attempts in the identification process, as they
enable quick successes and thereby reduce the feeling of uncertainty on the part of the users.
This in turn should promote the sense of autonomy as well as self-determination [63,64]. In
contrast, digital media such as the ID-Logics app can play out their advantages in a later,
more advanced stage of the learning process. They offer digital support, explanatory videos
and assistance at appropriate stages and thus help the learner individually to autonomously
overcome difficulties in understanding. ID-Logics is particularly suitable for learning the
features of plants such as the relationships between structure and function. Furthermore,
according to our results, male students in particular could benefit from the use of ID-Logics,
although they are often more indifferent towards plants [23]. This could be due to a generally
higher affinity for digital tools, which generates higher attention and thus supports learning.
Future research approaches should examine these interactions more closely.

7.2. Educational Implications

Considering the findings reported above, we conclude that a combined teaching
strategy for plant identification is probably the best way to stimulate students’ interest in
nature and their awareness of plant blindness and biodiversity loss. The aim is to combine
the advantages of both instruments: As a first step, the students should quickly experience
success and gain confidence in the process of plant identification. For this purpose, a
reduced conventional identification key presenting a manageable selection of species is a
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good choice. The students should be made aware at an early stage that this tool can only be
used in certain areas and therefore has a limited range.

In a second phase, an advanced digital tool comparable with ID-Logics should be
introduced, as it can be used universally and provides further information about the
plants and their specific characteristics. This not only empowers the students to use an
identification tool independently in their environment; with the additional information it
provides, it also offers the possibility of expanding knowledge about the individual species
and thus the understanding of biodiversity, which in turn could reduce plant blindness.

Another benefit of combining both identification tools is that it potentially facilitates
the internal differentiation in the learning group. Students with learning difficulties could
benefit from the limited offer of the reduced identification key, as they would not be
overwhelmed by the selection of different features. High-achieving students can benefit
from the openness of the ID-Logics app and its universal applicability. Furthermore,
educators should not only focus on the quantity of species identified, but rather on the
quality of the identification process. Students often have problems identifying too many
plant species during a lesson. This leads to stress and confusion, so that the intensity
of engagement with the individual plant, the intended learning effect and the students’
motivation are diminished. Therefore, it is generally better to identify fewer species, but
with a higher level of detail, and to build on these experiences productively [65].

7.3. Next Steps

The desired answer to the question of whether modern identification media are a new
solution to help overcome plant blindness is still unknown. But our findings suggest that
the question is perhaps oversimplified, and that we should focus not only on the media, but
rather on what we wish to achieve with their use: it is not a general question about the device
itself, but rather, which is the right tool for a specific learning goal in science education. Both
types of tools present specific opportunities and challenges [66]. That is why further research
is needed into how the use of digital media affects student motivation, interest and learning in
different environments. Other tools not considered in this study, such as the automatic image
recognition of plants, also represent a potential opportunity to motivate laypeople to identify
plants with a low-threshold offer. Therefore, these tools should also be investigated in future
research with regard to their effects on the usability for teaching.

This study reveals the great opportunities that digital media offer when it comes to
plant identification. As the availability of digital platforms such as smartphones and/or
tablet computers is no longer a limiting factor, digital tools provide a usable method of
enabling students to identify plants. Nevertheless, more research is required to better
exploit the potential of digital media and to constantly improve the digital approach. Only
if educators know the limits and possibilities of these tools, will they be able to use them
effectively and generate interest in plants, fight plant blindness and increase awareness of
the global decline in biodiversity. For this purpose, teachers not only need further empirical
data on the effectiveness of the applications, but also specific in-service training to make
use of them.
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Abstract: This research aims to provide a predictive model of essential factors influencing the
behavioral intention to use sustainable cloud-based quality management systems among academics in
Jordan. A comprehensive research model was developed based on the Unified Theory of Acceptance
and Use of Technology (UTAUT2) and the Theory of Planned Behavior (TPB), which was tested
using cross-sectional data. The research sample covers Jordanian higher education institutions
(23 governmental and private universities), and the unit of analysis includes 500 academics. The
research adapts and modifies the UTAUT2 model and TPB to explain behavioral intention to use
sustainable cloud-based quality management systems in developing countries. The proposed model
explained 0.478 percent of behavioral intention variance and 0.127 percent of the user behavior
variance. Three constructs are found to be significant predictors: perceived behavioral control,
performance expectancy, and facilitating conditions. The attitude toward the behavior and subjective
norm are not significant predictors. The research contributes to the literature in several ways. First,
it extends previous studies by examining predictors of the behavioral intention to use SCQMS in
higher education institutions. Second, it provides rigorous empirical evidence that incorporating
the UTAUT2 model with the TPB produced a substantial improvement in the variance explained
in behavioral intention compared to the prior research conducted in developing contexts. Third,
this research provides useful insight into university management. The research provides a better
understanding of the essential factors influencing the behavior intention to use sustainable cloud-
based quality management systems in Jordanian Universities. Thus, the research model provides
better explanatory power than previous studies in business literature and developing markets.

Keywords: behavioral intention; sustainable cloud-based quality management system; theory of
planned behavior; unified theory of acceptance and use of technology; IT adoption

1. Introduction

Technology is essential in a corporate and academic settings. Presently, the quality of
education depends on the existence of advanced technologies in higher education institu-
tions. Technology has transferred education from passive and reactive to an interactive
and aggressive practice [1], Technological tools assist lecturers in accomplishing work
and teaching efficiently. Information technologies develop curiosity and imagination in
students’ minds and are considered one of the major determinants influencing students’
learning intentions [2,3]. Finally, advanced technologies improve the overall quality and
integrity of the academic system [4].

Ultimately, the question that concerns policymakers in the higher education sector is
how to exploit technological progress to build the capacity of universities in developing
countries [1,5]. The value of knowledge and accumulated data are crucial in universities
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for several decision-makers [6]. The accurate use of information technology affects the
long-term sustainability of an organization [7,8]. Thus, universities are seeking out and
employing several systems to save and manage their data. Some universities employed
sustainable cloud quality management systems to manage their data and process quality
information for effective decision-making [9]. Cloud computing is a distributed computing
paradigm that provides access to virtual resources such as computers, networks, storage,
development platforms, and applications [10]. Thus, it is essential in this research to
examine the factors affecting the behavior intention of several staff at universities to use
sustainable cloud-based quality management systems.

Previous research concentrated on the conventional quality management system,
in which forms, processes, and documentation are completed on paper and manually.
Although a sustainable electronic quality management system is efficient and can contribute
to an organization’s competitive advantage, large capital expenditures associated with
traditional local programs, maintenance issues, and updates may be a burden on some
educational institutions [11–13]. A solution that helps to alleviate these challenges is to use
a sustainable cloud-based quality management system (SCQMS) that allows users to use
the same automated system without investing in more expensive equipment or employing
and training a significant number of university Information Technology employees [14,15].

Furthermore, while a great deal of literature has been written in the field of paper-based
quality systems, there has been little research investigating the essential factors influencing
the intention to use SCQMS. Given the particular characteristics of SCQMS, there is a need
for additional research to understand the essential factors that affect behavioral intention
to accept and use SCQMS. Thus, this research aims to provide a model incorporating
essential factors influencing the behavioral intention to use sustainable cloud-based quality
management systems in Jordanian universities based on the Unified Theory of Acceptance
and Use of Technology (UTAUT2) and the Theory of Planned Behavior (TPB).

This research contributes to the literature in several ways. First, the research extends
prior literature by incorporating significant predictors from the UTAUT2 model and the
TPB. Second, it fills theoretical gaps by providing empirical evidence on the antecedents of
(SCQMS). More specifically, analyzing the intention to use SCQMS in developing countries
such as Jordan has not been previously studied. Third, this research provides insights for
Jordanian universities’ leaders about how academics engage in pursuing cloud computing
quality management systems. Forth, the current research sheds light on the most significant
predictors: namely perceived behavioral control. Finally, our research provides a better
understanding of the critical factors influencing the intention to use SCQMS in Jordanian
universities Thus, the research intends to address this issue and propose a model for
assessing the behavioral intention to use SCQMS at Jordanian universities. The emphasis
on Jordanian universities is appropriate given that the majority of research has focused on
SCQMS in developed countries.

2. Literature Review

2.1. Quality Management System (QMS)

Colleges and universities strive to increase their competitiveness by finalizing tasks
efficiently and effectively [16]. Information is an essential component of the traditional
quality management system. The primary purpose of QMS is to give appropriate process
execution and process standards [17,18]. As the volume of information grows, various
software are required to produce, gather, store, process, and communicate the information
required to complete fundamental activities and objectives [18].

QMS is a collection of processes, papers, policies, objectives, and manuals that offer
a framework for the universities operation to fulfill the demands of academic staff, con-
tinually develop the organization, and use standardized techniques. Chen and Wu [5]
defined a quality management system as a model, method, and tool for achieving business
objectives [19].
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In higher education institutions, QMS refers to integrating the quality management
system and applying and implementing quality management technology tools within the
universities to improve organizational performance [20,21]. The successful adoption of
QMS requires universities to comply with a set of standards, including a series of specific
rules, regulations, and policies to regulate university activities and standardizing methods
to guide existing quality processes [16,22–24].

At the moment, businesses, educational institutions, and governments are working
together to create a new platform for increasing mobile Internet service quality [25]. As a re-
sult, cloud computing has become a significant milestone in the development of information
systems and quality management [26].

2.2. Sustainable Cloud-Based Quality Management System

Cloud computing and quality management systems are unavoidable trends in com-
puter science, information systems, and quality management systems [27]. Cloud com-
puting is an emerging innovation phenomenon in information technology [28]. Cloud
computing enabled direct interaction with data centers without the need for additional
hardware or software, resulting in better sharing and use of resources and costs [29]. Sus-
tainability seeks to prevent the depletion of natural or physical resources so that they
remain available in the long-term and contribute to maintaining or supporting the process
that continues over time [30,31].

Designing a sustainable system is one of the biggest challenges of the 21st century:
environmental transformation combined with digital transformation [32]. SCQMS is a
subset of cloud computing in the field of quality management systems [33]. SCQMS has
all of the materials and equipment, such as hardware and software resources, to improve
the traditional QMS infrastructure. Once the set of SCQMS documents and models are
installed by default on cloud servers, these documents and forms are ready for use by
academic staff at universities from cloud vendors [34–36].

SCQMS assists universities in reducing capital costs, maintaining issues, and training,
allowing them to focus more on their primary activities (teaching) rather than managing
issues in information technologies that will be delivered to them by the service provider.
Furthermore, using a sustainable cloud-based quality management system minimizes
energy usage and maintains green and environment-friendly universities. Furthermore,
SCQMS assists academic staff in organizing, categorizing, reporting, managing, and access-
ing their daily work information at any time and from any location. As a result, it improves
the educational process and learning outcomes [10,25,37–41]. Therefore, employing a sus-
tainable cloud-based quality management system provides a significant edge over rivals
who are still using paper-based quality management systems or a variety of offline tools.

2.3. The TPB and the UTAUT2

The theory of planned behavior (TPB) is an extension of the theory of reasoned
action [42,43]. A central fact in the theory of planned behavior is the individual’s intention
to perform a specific behavior the stronger the intention to perform a given behavior,
the more likely should be its performance. According to the theory of planned behavior,
perceived behavior control together with behavioral intention can be used directly to predict
behavior (performance, action). Furthermore, the theory of planned behavior postulates
three conceptual determinants of behavioral intention. The first is the attitude toward the
behavior in a question. The second is a social factor, termed subjective norm, and the third
antecedent of the behavioral intention is the degree of behavioral control [44].

Attitude toward the behavior refers to the degree to which a person has a favorable or
unfavorable evaluation of the behavior in a question. Subjective norms refer to the social
pressure to perform or not perform the behavior, whereas perceived behavioral control
describes the perceived ease or difficulty of performing the behavior; it is assumed to reflect
experience, as well as anticipated impediments and obstacles.

207



Sustainability 2022, 14, 14253

In combination, attitude, subjective norm, and perception of behavioral control led to
the formation of a behavioral intention. The intention is thus assumed to be the immediate
antecedent of behavior.

Venkatesh et al. [45] reviewed IT users’ acceptance literature and discussed eight
prominent IT acceptance/adoption theoretical models. The eight models make up the
social cognitive theory. Using data from four organizations over six months with three
points of measurement, the eight models explained between 17% and 53% of the variance
in user intentions [45].

Based on these results, Venkatesh et al. [45] developed a new and integrated model
called the “Unified Theory of Acceptance and Use of Technology” within four essential
constructs and four moderators. The new model, UTAUT, was then tested using the original
data and found to outperform the eight theoretical models.

The model shows that four determinants have a significant influence on the user’s
intention to accept and use IT systems, namely: performance expectancy, effort expectancy,
social influence, and facilitating conditions.

Moreover, Venkatesh et al. [46] extended the theoretical framework model (UTAUT)
to study IT acceptance and use in a consumer setting. The new proposed model is called
UTAUT2. The UTAUT2 model incorporates three new constructs into UTAUT: hedo-
nic motivation, price value, and habit. Individual differences–namely age, gender, and
experience–are hypothesized to moderate the influence of these predictors on the user’s
intention to accept or use a specific technology. The extended UTAUT2 model produced a
substantial improvement in the variance explained in behavioral intention (56% to 74%)
compared to the UTAUT model [47].

Hedonic motivation (conceptualized as perceived enjoyment) can be defined as the
fun derived from using a specific technology. In the business literature, hedonic motivation
has been found to influence users’ intention to accept technology [47,48].

Price value has a significant influence on user’s technology acceptance, especially
in the e-service marketing context [47,49], whereas habit has been used as the extent to
which the user tended to perform behaviors automatically, in terms of the learning curve
accumulation [50,51].

3. Research Model and Hypothesis

Davis [52] proposed the Technology Acceptance Model (TAM) based on the Theory of
Reasoned Action (TRA). TAM aims to identify factors that explain the acceptance and use
of various information technologies and to indicate the adjustments that need to be made
in the system to make it user-friendly [52,53].

The Theory of Planned Behavior (TPB) was developed by Icek Ajzen to predict human
behavior [44]. The TPB is an extension of the Theory of Reasoned Action (TRA) [42,43]. This
theory focused primarily on the intention of a person to perform a particular behavior; the
intention to perform a behavior is stronger when it is likely to perform. TPB assumes that
attitude toward the behavior, subjective norm, and perceived behavioral control influence
behavioral intention.

Venkatesh et al. [45] examined and discussed eight IT user acceptance/adoption
models. The eight models were TRA, TAM, TPB, the motivational model, the innovation
diffusion theory, the social cognitive theory, a model combining TAM and TRA, and the
model of PC use. Venkatesh et al. [45] developed The Unified Theory of Acceptance and
Use of Technology (UTAUT) using the suggested complete synthesis of these eight leading
models. There are four core constructs in UTAUT: performance expectancy (PE), effort
expectancy (EE), social influencing (SI), and facilitating conditions (FC). Several studies on
the adoption of different IT system applications [54–56] showed that UTAUT constructs
are generalizable. However, Venkatesh et al. [47] developed the UTAUT2 model and
expanded it to explain the use of technology in the consumer context. The purpose of this
model is to explain the user’s intention to use various information systems. The UTAUT2
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model incorporates three new constructs into UTAUT: hedonic motivation, price value,
and habit [47].

This research adopted the UTAUT2 model because of its comprehensiveness, and
improved predictive power which exceeded many technologies acceptance models, such as
UTAUT and TAM. Models that focus on identifying essential predictors and determinants
are considered to be vital in providing a rich understanding of the user’s acceptance and
use of technology. Venkatesh [47] asserted that in the case of UTAUT, which was originally
developed to explain user technology acceptance and use, it will be critical to examine how
it can be extended to other contexts, such as the context of the sustainable cloud-based
quality management system acceptance or adoption.

The research model incorporated two constructs from the UTAUT2 which are perfor-
mance expectancy and facilitating conditions. The variables of hedonic motivation (which
is defined as the fun derived from using a specific technology), price value, and habit were
excluded because they have a direct bearing on consumer behavior and have no effect on
this study because this technology is adopted by enterprises that invest in the system. In
addition, the use of a sustainable cloud-based quality management system is compulsory
among academics in Jordanian universities. Therefore, hedonic motivation is more suitable
to incorporate in voluntary settings.

Furthermore, these variables are not suitable for the current study that is dealing with
the topic of sustainable cloud-based quality management systems among academics in
Jordanian universities.

In addition, the research model adapts three constructs from the TPB model (attitude,
subjective norm, and perceived behavioral control) that influence behavioral intention to
use a sustainable cloud-based quality management system, as shown in Figure 1.

Figure 1. Conceptual Research Model Adapted from Venkatesh et al. [47] and Ajzen [44].

The extended unified theory of acceptance and use of technology, presented by
Venkatesh et al. [46], was used in different contexts in the Middle East and the Arab
world. For example, Dajani and Hegleh [57] used extended UTAUT2 to test the antecedents
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that impact on behavior intention of animation usage among marketing students in Jorda-
nian universities. Abu Shakra and Nikbin [58] used UTAUT2 to explore and discuss the
factors that impact the acceptance and adoption of the Internet of Things by entrepreneurs
in Oman. El-Masri and Tarhini [59] used UTAUT2 to examine the main factors that may im-
pede or enable the adoption of e-learning systems by university students from developing
countries (Qatar) and developed countries (the United States).

However, the extended UTAUT2 had never been used to explain the use of SCQMS
among academics in Jordanian universities. Cloud computing was investigated in Jor-
danian universities, such as in the study by Matar et al. [29] but this did not focus on
sustainable quality management. Other cloud computing technologies were already as-
sessed in Jordan, such as the cloud-based accounting information system adoption by
Alshirah et al. [60], and cloud computing adoption in hospitals by Harfoush et al. [28].
These prior works are not transferable to the current research-specific cloud computing
application. Therefore, the current research adopted the TPB and UTAUT2 models, which
are primarily concerned with an individual’s intention to perform a certain behavior and
explain key aspects impacting the behavioral intention to use a sustainable cloud-based
quality management system in Jordanian universities.

3.1. Attitude

Attitude refers to the extent to which a person makes a positive or negative judgment of
actions [44]. In this context, attitude reflects the degree to which an academic staff member
has an adequate or inappropriate assessment of their ability to employ SCQMS. The Theory
of Planned Behavior states that attitude toward a behavior is a good predictor of intention
and behavior. Several models and hypotheses have been proposed by researchers to
investigate the relationship between attitude and behavior [61]. Wicker [62] investigated the
relationship between attitude and behavior and discovered that the two may not be related.
Hale et al. [63] stated that there is a limited association between attitude and behavior in a
voluntary setting due to dissatisfaction with previous experience. Furthermore, research
demonstrated that behavioral intention to use SCQMS is positively influenced by one’s
attitude toward the behavior [44,64].

Therefore, the following hypothesis is proposed:

H1: Attitude positively impacts the behavioral intention to use SCQMS.

3.2. Subjective Norm

Subjective Norma refers to social pressure to perform or refrain from performing a
behavior [44]. According to the empirical data, some studies discover favorable impacts
while others find negative consequences. Personal concerns, according to Ajzen, I [44], may
lessen the subjective norm impact. According to Shon et al. [40], the subjective norm is
the weakest variable in TPB and has less predictive power in forecasting people’s intents.
According to this assertion, some researchers deleted subjective norms from their studies
and replaced them with personal normative beliefs [40,65–67].

On the other hand, other researchers argue that subjective norms are still required for
predicting individuals’ intentions [68–71]. When Armitage and Conner [72] used multiple-
component measurements, they discovered a substantial link between subjective norm and
intention. Additionally, the subjective norm has been proven to be an enabler for behavioral
intention measurements [73]. As a result, it is proposed that subjective norm positively
influences behavioral intention to use SCQMs.

H2: Subjective norm positively impacts the behavioral intention to use SCQMS.

3.3. Perceived Behavioral Control

Perceived behavioral control is an individual’s assessment of having the internal
capability to exert external control over a specific behavior [74]. In the framework of
SCQMS, academic staff considers the degree of control required to complete an activity.
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It has been demonstrated that perceived behavioral control is a facilitator for behavioral
intention measurements [75]. As a result, it is postulated that perceived behavioral control
influences behavioral intention to use SCQMS. The resulting proposition is suggested:

H3: Perceived behavioral control positively impacts the behavioral intention to use SCQMS.

3.4. Performance Expectancy (PE)

PE is defined as the degree to which people feel that adopting the system would assist
them in work performance [47]. When compared to other particular combinations in the
UTAUT models to employ new technology, PE was determined to be the most potent
driver of behavior intention [27,45,47,56,57,76]. According to current literature, people
prefer to accept novel technologies when they are of value to them [76]. The view of
academic staff that the use of SCQMS will be beneficial in their administrative and teaching
duties is referred to as a performance expectation. As a result, this research proposes that
performance expectancy influences behavioral intention to use SCQMS. As a result, the
following hypothesis is developed:

H4: Performance Expectancy has a positive impact on the behavioral intention to use SCQMS.

3.5. Facilitating Conditions

Facilitating Conditions refer to the degree of accessibility to the tools and assets re-
quired to complete a task [47]. Academic staff performs their tasks smoothly when enough
resources are provided. Facilitating conditions have been verified as a significant guide
for SCQMS adoption and use [27,45,47,56,57]. Facilitating conditions include everything
that aids in the implementation of the assessment method, such as administrative, orga-
nizational, or technical assistance, expertise, and other resources [76]. In the context of
academia, facilitating conditions refer primarily to the adequate technological infrastructure
(e.g., internet access) and the availability of a technical expert willing to assist academic
staff in overcoming technical issues that may develop while using SCQMS. As a result, this
research proposes the following:

H5: Facilitating conditions have a positive impact on the behavioral intention to use SCQMS.

3.6. Behavioral Intention

Behavioral intention is described as a measure of the intensity of one’s desire to engage
in a given action [43]. This construct describes the strength of academic staff to use SCQMS.
The importance of behavioral intention as an indicator of individual behavior is well
documented in IT literature [45,56,64,77,78]. According to Fishbein and Ajzen [42], people’s
intentions affect their behavior and action. According to Venkatesh [45,47] behavioral
intention has a significant influence on technology use. As a result, the following hypothesis
is proposed:

H6: Behavioral intention has a positive impact on the use of SCQMS.

4. Methods

4.1. Sampling and Data Collection

This research aims to investigate the behavioral intention to use sustainable cloud-
based quality management systems in Jordanian universities. Several research hypotheses
have been proposed to examine the extent to which essential factors (attitude, subjective
norm, perceived behavioral control, performance expectancy, and facilitating conditions)
can explain behavioral intention to use SCQMS in Jordanian universities. After develop-
ing measurement scales an instrument was designed in the form of a self-administered
questionnaire using a five-point Likert scale. The questionnaire was distributed online to
encourage respondents to fill in the survey questionnaire. A total of 568 questionnaires
were distributed online to academics. Of those, 500 were received for a gross response rate
of 88%. The target population of this research covers Jordanian universities (11 govern-
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ment universities and 12 private universities). The sample for this research comprised 23
Jordanian universities. The research unit of analysis includes 500 academics, of whom 88
are professors, 164 associate professors, 208 assistant professors, and 40 lecturers who were
randomly selected. Academics were selected because they are the primary users of SCQMS
in Jordanian universities.

Among the respondents, 83.6% were male and 16.4% were female. The majority
of the respondents were between 40 and 49 years old and constitute 40% of the sample.
Meanwhile, 35.2% of the respondents have 5–9 years of experience.

Table 1 describes the demographic profile of the respondents.

Table 1. Demographic profile of respondents.

Frequency
(N—500)

Percentage (%)

Academic Rank
Professor 88 17.6%

Associate Professor 164 32.8%
Assistant Professor 208 41.6%

Lecturer 40 8%
Total 500 100%

Gender
Male 418 83.6%

Female 82 16.4%
Total 500 100%

Age
less than 30 12 2.4%

30–39 136 27.2%
40–49 202 40.4%

51-above 150 30.0%
Total 500 100%

Years of experience
less than 5 78 15.6%

5–9 176 35.2%
10–14 108 21.6%

15-above 138 27.6%
Total 500 100%

4.2. Measurement

Most of the measurements were adapted from prior research. Cheng et al.’s [79]
scale was used to assess the attitude variable. The subjective norm was measured using
the scale in [80]. Perceived behavioral control was measured using the items in [81].
Performance expectancy was measured using [45,47]. Facilitating conditions were also
measured using [45,47]. Venkatesh et al.’s [45,47] scale was used to assess behavior
intention and user behavior. The optimization of the research constructs is illustrated in
Table 2.

Quantitative survey research appeared to be appropriate to collect the research data
and examine the model. All research constructs were measured with a five-point Likert
scale, and they were formulated using positive statements. The research survey question-
naire was created in English and then translated into Arabic. Back translation was used to
ensure correctness.
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Table 2. Constructs Measurements.

Construct Code Measurements References

Attitude

ATT1 Using a sustainable cloud-based quality management
system would be a good idea

Cheng et al. [79]
ATT2 Using Use sustainable cloud-based quality management

system would be a foolish idea

ATT3 I like the idea of using the sustainable cloud-based quality
management system

ATT4 Using a sustainable cloud-based quality management
system would be pleasant

Subjective Norm

SN1
Your decision to use a sustainable cloud-based quality

management system is because universities use
this system

Madden et al. [80]SN2
Your decision to use a sustainable cloud-based quality

management system is because the media encourages s
use of this system

SN3
Your decision to use a sustainable cloud-based quality
management system is because International Higher

educational institutions use this system

Perceived Behavioral
Control

PBC1 I have control over using the sustainable cloud-based
quality management system

Wu and Chen [81]

PBC2 I have the resources necessary to use a sustainable
cloud-based quality management system

PBC3 I know it is necessary to use a sustainable cloud-based
quality management system

PBC4
Given the resource, opportunity, and knowledge it takes

to use a sustainable cloud-based quality management
system, it would be easy for me to use SCQMS

Performance Expectancy

PE1 I find using a sustainable cloud-based quality
management system useful in my daily work

Venkatesh et al. [45,47]

PE2
Using a sustainable cloud-based quality management

system increases my chances of achieving things that are
important to me

PE3 Using a sustainable cloud-based quality management
system helps me accomplish things more quickly

PE4 Using a sustainable cloud-based quality management
system increases my productivity

Facilitating Conditions

FC1 I have the resources necessary to use a sustainable
cloud-based quality management system

FC2 I know that it is necessary to use a sustainable
cloud-based quality management system

FC3 Using a sustainable cloud-based quality management
system is compatible with other technologies I use

FC4 I can get help from others when I have difficulties using
the sustainable cloud-based quality management system
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Table 2. Cont.

Construct Code Measurements References

Behavior Intention

BI1 I intend to continue using sustainable cloud-based quality
management system in the future

Venkatesh et al. [45,47]BI2 I will always try to use a sustainable cloud-based quality
management system in my daily work

BI3 I plan to continue to use sustainable cloud-based quality
management systems frequently

User Behavior

UB1 If an initial decision to use SCQMS has been taken, how
frequently will you use it?

Venkatesh et al. [45,47]
UB2 If an initial decision is to use SCQMS, how much time will

you spend on it in terms of minutes/hours?

4.3. Data Analysis Results
4.3.1. The Measurement Model

For data analysis, partial least squares structural equation modeling (PLS-SEM) version
3.0 was employed. Smart PLS is useful for exploratory research with a small sample. Partial
least squares equation modeling (SEM) has been used in a variety of business research
fields [82]. A PLS path model also has two components: the measurement model (inner
model) and the structural model (outer model). The measurement model offered data
about the scales’ reliability and validity, while the structured model reflected the linkages
(paths) between the research components [83].

The validation of the measurement model is determined by the assessment of conver-
gent and discriminant validity. All items loading, Cronbach’s alpha, composite reliability,
and average variance extracted exceeded the commonly accepted thresholds (0.7), implying
that all items consistently represent and measure the same construct [84–87].

Discriminate validity refers to the distinctiveness of the research’s model construct us-
ing three different techniques: Fornell and larker criterion, cross-loadings, and Heterotrait-
Monotrait (HTMT) ratio. Table 3 shows the Fornell-Larker criterion and Table 4 illustrates
cross-loadings. As seen in Tables 4 and 5, the square root of the average variance extracted
(AVE) of each latent construct is bigger than its strongest association with other constructs.

Table 3. Fornell and Larker’s criterion.

Attitude
Behavioral
Intention

Facilitating
Condition

Perceived
Behavioral

Control

Performance
Expectancy

Subjective
Norm

Use
Behavior

Attitude% 0.869
Behavioral
Intention% 0.317 0.891

Facilitating
Condition% 0.180 0.408 0.859

Perceived
Behavioral
Control%

0.312 0.435 0.718 0.793

Performance
Expectancy% 0.399 0.649 0.328 0.350 0.842

Subjective
Norm% 0.577 0.374 0.302 0.351 0.461 0.825

Use
Behavior% 0.194 0.356 0.220 0.255 0.336 0.275 0.901
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Table 4. Cross-Loading.

Constructs Attitude
Subjective

Norm

Perceived
Behavioral

Control

Performance
Expectancy

Facilitating
Condition

Behavioral
Intention

Use
Behavior

ATT1r 0.873 0.492 0.288 0.374 0.180 0.241 0.201
ATT2r 0.869 0.525 0.278 0.387 0.190 0.263 0.224
ATT3r 0.893 0.482 0.240 0.313 0.081 0.308 0.149
ATT4r 0.840 0.511 0.285 0.322 0.188 0.280 0.110
SN1r 0.440 0.825 0.352 0.428 0.320 0.298 0.206
SN2r 0.539 0.841 0.311 0.349 0.253 0.351 0.277
SN3r 0.437 0.809 0.192 0.370 0.165 0.265 0.185

PBC1r 0.312 0.325 0.774 0.253 0.475 0.302 0.207
PBC2r 0.262 0.284 0.844 0.248 0.694 0.312 0.207
PBC3r 0.172 0.245 0.789 0.286 0.680 0.323 0.218
PBC4r 0.246 0.263 0.764 0.309 0.451 0.416 0.182
PE1r 0.388 0.385 0.386 0.842 0.346 0.585 0.282
PE2r 0.287 0.352 0.260 0.840 0.257 0.512 0.273
PE3r 0.349 0.427 0.286 0.845 0.270 0.550 0.341
PE4r 0.312 0.386 0.238 0.843 0.224 0.535 0.236
FC1r 0.169 0.233 0.687 0.219 0.831 0.289 0.130
FC2r 0.187 0.284 0.633 0.316 0.880 0.404 0.204
FC3r 0.105 0.254 0.543 0.296 0.865 0.344 0.222
BI1r 0.314 0.334 0.377 0.641 0.324 0.896 0.335
BI2r 0.211 0.308 0.385 0.523 0.379 0.874 0.263
BI3r 0.313 0.357 0.404 0.565 0.393 0.903 0.348
UB1r 0.250 0.287 0.292 0.369 0.237 0.377 0.943
UB2r 0.063 0.191 0.139 0.208 0.141 0.241 0.856

Table 5. The measurement models.

Construct Code Loading
Cronbach’s

Alpha
Composite
Reliability

Average Variance
Extracted (AVE)

Attitude

ATT1 0.873

0.892 0.925 0.755
ATT2 0.869
ATT3 0.893
ATT4 0.840

&Subjective
Norm

SN1 0.825
0.768 0.865 0.681SN2 0.841

SN3 0.809

Perceived
Behavioral

Control

PBC1 0.774

0.805 0.872 0.629
PBC2 0.844
PBC3 0.789
PBC4 0.764

Performance
Expectancy

PE1 0.842

0.864 0.907 0.709
PE2 0.840
PE3 0.845
PE4 0.843

Facilitating
Condition

FC1 0.831
0.824 0.894 0.738FC2 0.880

FC3 0.865

Behavioral
Intention

BI1w 0.896
0.871 0.920 0.794BI2w 0.874

BI3w 0.903

Use Behavior
UB1 0.943

0.777 0.895 0.811UB2 0.856
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Regarding cross-loading, a particular item of each construct should have higher
loading on its construct in comparison to other constructs. As Table 4 shows, the value of
factor loading for each item also satisfies the requirement of (0.70).

As Table 5 shows, the composite reliability values range from 0.865 to 0.925, with
an average value extracted of more than 50%. AVE is a typical measure used to prove
the convergent validity of the construct. An AVE value of 0.50 or more suggests that the
concept explains more than half of the variation in its indicators [83].

4.3.2. The Structural Model

Cross-validation (CV)-communality redundancy indices, path coefficients (β), and
coefficient of determinator (R2) values are important measurements for evaluating the
research reflective structural model. Cross-validation and the blindfolding-based cross-
validated redundancy measure and the statistical significance of the path coefficients are
used to evaluate the structural model’s quality. For all constructs, this index should be
positive [83].

Furthermore, estimates for the hypothesized relationships between the constructs
are produced after running the PLS-SEM method. Figure 2 depicts the results of the
structural model research, including predicted path coefficients (β) and the R2 value of the
determination coefficient. R2 explains the variance in the endogenous constructs explained
by exogenous constructs [88]. Furthermore, Henseler et al. [89] suggest that an HTMT value
above 0.90 depicts a lack of discriminant validity. Overall, the research model accounts for
0.478 of the variances in behavioral intention and 0.127 of the variances in user behavior, as
shown in Figure 2.

Figure 2. The Structural Model Results.

Table 6 presents the outcomes of the hypotheses that were tested. The results indicate
a strong positive effect for four hypotheses H3, H4, H5, and H6, while H1 and H2 are not
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supported. Consequently, H1 the results for attitude are (β = 0.018), T-Value (0.435) and
p > 0.05. This result refers to the rejection of the proposition. Therefore, H1 is not supported,
and attitude has no positive impact on behavioral intention to use SCQMS. H2 the results
for subjective norm are (β = 0.028), T-Value (0.698) and p > 0.05. This result refers to the
rejection of the proposition. Therefore, H2 is not supported, and the subjective norm has no
positive impact on behavioral intention to use SCQMS. H3 the path coefficient for perceived
behavioral control is (β = 0.150) and has a value of (T-Value = 3.027) at a significant level of
(p < 0.05). This outcome refers to the acceptance of the hypothesis. It could be concluded
that there is a positive effect of perceived behavioral control on behavioral intention to
use SCQMS. H4 the path coefficient for performance expectancy is (β = 0.540) and has
a value of (T-Value = 15.904) at a significant level of (p < 0.05). This outcome refers to
the acceptance of the hypothesis. It could be concluded that there is a positive effect of
performance expectancy on behavioral intention to use SCQMS. H5 the path coefficient
for facilitating condition is (β = 0.112) and has a value of (T-Value = 2.003) at a significant
level of (p < 0.05). This outcome refers to the acceptance of the hypothesis. It could be
concluded that there is a positive effect of facilitating conditions on behavioral intention to
use SCQMS. H6 the path coefficient for behavioral intention is (β = 0.356) and has a value of
(T-Value = 8.944) at a significant level of (p < 0.05). This outcome refers to the acceptance of
the hypothesis. It could be concluded that there is a positive effect of behavioral intention
on use behavior.

Table 6. The structural model results.

Path
Standardized

Coefficient Beta (β)
T-Values

P-Values
(Sig)

Hypothesis
Results

Attitude -> Behavioral Intention3 0.018 0.435 0.664 H1 Not Supported1
Subjective Norm ->

Behavioral Intention4 0.028 0.698 0.486 H2 Not Supported2

Perceived Behavioral Control ->
Behavioral Intention5 0.150 3.027 0.003 H3 Supported

Performance Expectancy ->
Behavioral Intention 0.540 15.904 0.000 H4 Supported

Facilitating Condition ->
Behavioral Intention 0.112 2.003 0.046 H5 Supported

Behavioral Intention -> Use Behavior 0.356 8.944 0.000 H6 Supported

5. Discussion and Implications and Limitations

The research investigated the antecedents that affect the academic staff’s behavioral
intention to use SCQMS by adapting the TPB and UTAUT2 models. The proposed structural
model is acceptable and the relevance constructs have a strong ability to demonstrate the
various factors that influence the behavioral intention of academic staff to use the SCQMS.

Empirically, the results of the analyses indicated that the link between performance
expectancy and the behavioral intention to use the SCQMS is the most significant. In
addition, academic staff at universities find that using the SCQMS is useful in carrying out
their daily work as it increases the chances of achieving things that matter to them and
helps them to complete their work more quickly, therefore increasing their productivity.
This result is in agreement with [26,27,45,47,56,57,90,91].

The construct of facilitating conditions also has an important influence on the behav-
ioral intention of academic staff to use the SCQMS. Academic staff feel that universities
have the resources they need to use SCQM, which is compatible with other techniques
used in their work. Academic staff also feel that they have the knowledge and ability to
use SCQMS and that if they encounter difficulties, they can obtain help from others. These
results are consistent with Venkatesh et al. [90], Williams et al. [56]; Venkatesh et al. [45];
Venkatesh et al. [47]; Sharif et al. [91]; Nguyen et al. [27].

Moreover, perceived behavioral control has a significant influence on the behavioral
intention to use the SCQMS. The academic staff feel the system is user-friendly because
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of the resources, opportunities, and knowledge required. This result is in agreement with
Yen et al. [92], Ajzen [44], and Jafarkarimi et al. [93].

The hypothesized association between behavioral intention to use SCQMS and use
behavior was significant. It shows how frequently the SCQMS system is used and how
long academic staff spends using the system [27,38,44,45,47,56].

In addition, the outcome of this research analysis showed that attitude did not have
any influence on the behavior intention to use SCQMS. Moreover, academic staff did not
regard attitudes as having an impact on their behavior. The attitude failed to predict
intention, which means that there was a behavioral gap, which was recognized by many
researchers [94,95]. Perhaps attitude does not have an effect because staff are obliged to use
the system at their universities.

Furthermore, the subjective norm does not affect the behavior intention to use SCQMS.
The decision of academic staff to use the SCQMS did not arise based on social pressure
(other universities, media, and international higher educational institutions). Therefore, the
subjective norm has no significant influence on the behavioral intention to use the SCQMS.
The related outcome was also found by Sheppard et al. [96], Davis et al. [97], Mathieson [98],
and Yen et al. [92]. The research findings did not reveal the significance of the attitude and
subjective norm on the intention to adopt SCQMS.

The research contributes to the literature because it has a different contextual setting
in comparison with the traditional technology acceptance models which are predominantly
Western in origin, it incorporates different constructs that are vital to explain Jordanian and
developing economy issues and it illustrates a different methodology for operationalization
of the constructs and testing of the hypotheses. Therefore, the study contributes to the
literature concerning technology acceptance and use in developing countries and higher
education sector.

On the theoretical side, the current research contributes to the critical review of liter-
ature on the reliability and validity of the well-known model UTAUT2 and its ability to
predict behavioral intention to adopt and use a specific digital system in a developing coun-
try context. The research model incorporates constructs from various technology models to
explain the behavior intention to use the system. Thus, the authors argue that incorporating
predictors from other IT adoption models is essential to enhance our understanding of
innovative technologies and human behavior. Finally, the investigated technology, namely
the sustainable cloud-based quality management system among academics has not been
investigated in Jordanian universities. Therefore, this study adds value to the literature in
developing countries and more specifically in the educational sector.

The present research sheds light on the essential role of perceived behavior control,
performance expectancy, and facilitating conditions in predicting intention to adopt and
use SCQMS. The study indicates that the technology characteristics, such as performance
expectancy and compatibility, can increase the acceptance and use of SCQMS. Therefore,
programmers and designers of SCMS should pay attention to the usefulness, the ease
of use and compatibility of the system. It is recommended to create systems that are
easy to use, useful, interactive, and compatible with the needs of the academics to help
them understand and allocate what they are searching for. Furthermore, the language
and the instruction of the system should be easy to understand. Software programmers
should develop software that has a bi-lingual interface (Arabic and English) to be used and
understood by all of the employees at Arab organizations.

Finally, decision-makers and IT specialists at universities should provide relevant and
sufficient training for all the academics to increase their familiarity with the system and
consequently their productivity. IT specialists should be always available to help academics
solve any issues related to the use of the system. Finally, responsible parties at universities
should allow access for all the employees to use the system after excessive training to
facilitate knowledge sharing among all employees.
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6. Conclusions and Future Research

The current research results show that three of the independent variables are good
predictors of the dependent variable construct (behavioral intention to use a sustainable
cloud-based quality management system in the research model). The independent variables
are perceived behavioral control, performance expectancy, and facilitating conditions.

Furthermore, the results present the participation of each main predictor in the be-
havioral intention to use SCQMS. The largest Beta value in the standardized coefficient is
(0.540), which returns to the performance expectancy predictor. This variable helps explain
behavior intentions with a sustainable cloud based on a quality management system. This
is followed by perceived behavioral control (0.150) and then facilitating condition (0.112).

In contrast, the attitude and subjective norm are not significant predictors in the model.
The results of the relationship between behavioral intention to use CQMS and the use
behavior indicate a significant between the two variables. Behavioral intention contributes
(0.356) to explaining the dependent variable variance.

Similar to any empirical study, this research has a few limitations which can be
assumed as new directions for future research. Future research could examine other
predictors and other mediated constructs such as perceived trust, user satisfaction, or
cultural values. Furthermore, the cross-sectional research design is incapable of confirming
the predictive power of the causal relations empirically. Future research could address this
issue using a comparative and longitudinal research design.
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Abstract: This study explored undergraduate students’ conceptions of sustainable development by
asking about their definition of a sustainable world, current issues of sustainable development, and
the necessary mindset and skillsets to build a sustainable world. We derived data from 107 partic-
ipants’ open-ended answers that we collected through an online survey at the beginning and the
end of the sustainability class. Text mining with Natural Language Processing (NLP), principal
component analysis (PCA), and co-occurrence network analysis were conducted to understand the
changes in students’ conception of sustainable development. In addition, we also conducted the
Linguistic Inquiry and Word Count (LIWC) dictionary to investigate the psychometric properties of
students’ awareness and understanding related to sustainable development. This advanced analysis
technique provided a rich understanding of university students’ perceptions of sustainable devel-
opment compared to what the UN initially defined as sustainable development goals (SDGs). The
results showed imperative insights into the benefits of sustainability experiences and knowledge that
generate motivation to develop students’ competencies as change agents.

Keywords: natural language processing (NLP); sustainability education; sustainable development
goals (SDGs); higher education; co-occurrence network; linguistic analysis

1. Introduction

1.1. Definitions of Sustainability

The definition of sustainability has been elaborated to explain sustainability related to
the human environment, referring to a technique or resource utilization [1]. In contrast, the
resource is not exhausted or devastated in perpetuity. This inclusive definition brought
about ambiguity, and vast flexibility applied to a broad spectrum of interests from various
disciplinary fields. Thus, the interpretation of sustainability can vary depending on the
purpose in a given area, however, the universal definition of sustainability applies to all
scopes, disciplines, and facets of human effort. For instance, Moore et al. conducted a
systematic literature review to conceptualize the definition of sustainability and funda-
mental concepts including the following categories: (1) after a defined period of time, (2) a
program, clinical intervention, implementation strategies that continue to be delivered and
(3) individual behavior change (i.e., clinician, patient) is maintained; (4) the program and
individual behavior change may evolve or adapt while (5) continuing to produce benefits
for individuals/systems [2]. This categorization across definitions reflects that there will be
a desired sustained behavior maintained after a specified time an intervention/program
is implemented.
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Despite these varied definitions of sustainability, the clear focus is to develop solutions
for sustainability issues, including growing concerns regarding pollution, social inequities,
etc. Although these issues may seem daunting, sustainability goals have been developed
to provide solutions to those crucial issues [3]. However, even though there has been a
continuous effort to operationalize and conceptualize the concept of sustainability, the
word “sustainability” remains ambiguous and multidimensional concept that is inherently
difficult to incorporate into education [4].

Johnston et al. made an early attempt to operationalize the definition of sustainability
while there were more than three hundred alternative and variously modified definitions
of sustainability and sustainable development that exist broadly within the domain of
environmental management [5]. If, however, true sustainability in human interactions with
the biosphere is to be realized, a far more vital and more empirical interpretation of the
original intent is urgently required. To be effective, such an interpretation must encompass
and guide developments in political instruments and public policy as well as corporate
decision-making and should focus increasingly on addressing the root causes of significant
threats to sustainability rather than just their consequences.

Bilen et al. suggested the purpose of sustainability as (1) identifying a stable but
inherently unjust equilibrium that causes the exclusion, marginalization, or suffering of a
segment of humanity; (2) finding an opportunity in this unjust equilibrium, developing a
social value proposition, and bringing to bear inspiration, thereby challenging the stable
state’s hegemony; and (3) forging a new, stable equilibrium that releases trapped potential
or alleviates the suffering of the targeted group, and through imitation and the creation of
a stable ecosystem ensuring a better future [6].

1.2. Education for Sustainable Development

The old paradigm of education for sustainable development that began in the 1960s
and 70s focused primarily on ecology and the natural world. Since this was not a holistic
approach considering other dimensions of care and motivation or resilience, the topics may
not have resonated with students as they may not have seen its immediate relevance. More
recently, the emerging academic field of sustainability focuses on introducing complex
anthropogenic issues including climate change, desertification, poverty, pandemics, and
war [7,8]. To address and resolve these sustainability challenges, different academic fields
integrate and link existing collective knowledge of problems and solutions to academic
settings so that critical sustainability issues will be solved [9,10].

The introduction of education for sustainable development was at the UN Rio Summit
in 1992 [11]. During this summit, instructors and curriculum development were identified
as significant areas to improve education for sustainable development. After 10 years, the
UN General Assembly initiated the Decade of Education for Sustainable Development
(DESD) which focused on expediting implementations of the UN sustainable development
goals by developing and disseminating education for sustainable development [12].

More recently, following the UN 2030 Agenda for Sustainable Development guideline,
the Global Action Programme (GAP) on education for sustainable development was in-
troduced and implemented in 2015. This program explains that sustainability education
should be at the center of the plan for sustainable development, and accelerate the trans-
formation of sustainability education in higher education through research and improved
teaching and learning environments of sustainability, mainly in developing countries [13].

Further, in 2019, UNESCO adopted the new global framework for education for
sustainable development that focuses on integrating education to sustainable development
into policies, learning environments, capacity building of educators, empowerment and
mobilization, and local level action. The UN General Assembly noted that implementing
education for sustainable development will be the critical aspect of accomplishing the UN
sustainable development goals [14].
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Therefore, to address and resolve sustainability challenges, different academic fields
integrate and link existing collective knowledge of problems and solutions to academic
settings so that critical sustainability issues, many scholars and educators began to inves-
tigate and develop education for sustainable development with pedagogical techniques
that promote system thinking, service learning, participatory learning, and project-based
education [8–10].

Considering complex sustainability issues, Sterling et al. introduced a holistic ap-
proach to sustainability education, seeing it as a process of maintaining a healthy system
that draws on qualities such as creativity, self-reliance, self-realization, wholeness, and re-
silience [15]. Based on Sterling’s holistic approach, Fisher et al. introduced three imperative
dimensions including cultivating an ethic of care, fostering resilience and regeneration,
and advocating for life’s flourishing [16]. These concepts have been widely introduced
for comprehensive sustainability education. They also emphasized the concept of culti-
vating an ethic of care that expresses the concept of “Care for the community of life with
understanding, compassion, and love.” Fisher and colleagues claimed that this aspect is
immensely imperative for education for sustainable development as if there is no genuine
care for self, others, nature and the earth, then there will not be any intrinsic motivation to
maintain them.

1.3. Instructional Strategies for Sustainable Development Education

As for the instructional strategies of education for sustainable development, Rem-
ington and colleagues introduced the use of real-world problems in sustainability educa-
tion [17]. This provides a vital context and relevance as well as allows students to solve real
world problems and engage in a project in teams. In addition, project-based assignments
that support students to work in teams to solve problems have become more common
in recent times and have become more common in higher education [18,19]. Rulifson
and Bielefeldt explored students’ conceptualizations of sustainability by participating in
sustainability projects [20]. They found that varied project experiences including social-
learning shaped students’ views of sustainability. These projects converged to develop
students’ understanding of socially responsible works to include safety, ethics, and various
sustainability issues.

Smith et al. claimed that project-based learning empowers socio-technical thinking
as an imperative element for engineers who will address sustainability issues [21]. They
proposed that these sustainability-related projects should include integration of design
thinking and interdisciplinary problem-solving into individuals’ knowledge of global,
societal, economic, and environmental contexts. Amadei and Wallace also mentioned
that it is critical for academic programs to train students to develop their socio-technical
perspectives so that they will be able to address global sustainability issues [22].

2. Research Rationale

The concept of sustainable development was first introduced by the United Nations
in 1992 and expedited by various nations and organizations to implement the UN sustain-
able development goals. Ever since, there have been continuous efforts to operationalize
the concept of sustainability to develop the current education curriculum that incorporates
existing knowledge of sustainable development and current issues. In order to properly in-
tegrate sustainable development goals into current education, it is necessary to understand
students’ conceptions of sustainability and current issues of sustainable development.

While limited in their ability to compass all variables and factors, the use of con-
ceptual frameworks is vital in the training and development process for sustainability
education. . According to previous operational definitions and categorizations of sustain-
ability, Wiek et al. identified critical competencies for sustainability change agents including
systems-thinking, anticipatory, normative, strategic, and interpersonal competencies to de-
velop a framework for sustainability-related academic programs [23]. The authors proposed
that education for sustainability should be based on those competencies. They highlight
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the concepts of sustainability should be different by period, characteristics of stakeholders,
temporal phases, uncertainty and epistemic status, inertia and path dependency, consis-
tency and plausibility of future developments, and risk and intergenerational equity. They
addressed that higher education sustainability courses should be designed based on key
concepts and encourage students to acquire competencies. Regardless of a continuous
effort to conceptualize the concept of sustainability, the meaning remains complex and mul-
tidimensional that is inherently difficult to comprehend [4,24]. Aligned with Withycombe
et al.’s comment on operationalizing the concept of sustainability, to properly integrate
the sustainable development goals into current education, it is necessary to understand
students’ conceptions of sustainability and current issues of sustainable development.

2.1. Target of Research

This study was conducted in a sustainability education class at a research-intensive
university in Australia from February to November 2021. This class is designed to introduce
students to the essential professional skills and mindsets for building a sustainable world. In
this course, students learn how to lead and sustain themselves, and their relationships with
others in our volatile, uncertain, complex, ambiguous (VUCA) world. The course has an
emphasis on self-development and leadership based on a highly sophisticated framework
extending awareness and understanding through empathy and systems thinking that leads
to practical problem solving and successful project work. The focus areas for projects are
based on the United Nations Sustainable Development Goals (SDGs). The course consists
of weekly lectures covering essential topics on leadership and sustainability, tutorials where
students engage in various activities supported by tutors and mentors, and mini courses
led by domain experts to reflect on the points that can be applied to the team projects.
The characteristic of this course is its focus on combining technical and non-technical
skills for long-term effectiveness designed for high-achieving scholarship students. The
course focuses on individual critical and creative thinking, reflection and contemplation,
communication and collective creative problem-solving in a team, from a deep sense of
awareness and understanding. This course seeks a shift in mindset, a transformation to
see sustainable development problems differently, to relate to oneself, others, and the
world in a new way of considering the root causes of issues with a holistic whole system
perspective [25].

2.2. Quantitative Analysis of Students’ Free Answers

Course surveys are essential tools for evaluating and updating the class contents. The
accessible answers of students, in particular, often contain valuable information and provide
an essential basis for rebuilding current education. They are helpful in evaluating classes
targeting diverse and multi-domain issues as seen in sustainability education. Previous
researches that analyzed free answers to investigating the changes in students’ perceptions
and attitudes through the course have been primarily qualitative [26–28]. However, the
summaries and extractions that human analysts make of these open-ended answers tend to
rely on intuition and are not satisfactorily reliable [29]. Given the recent increase of massive
open online courses during the pandemic, it has become easier to take surveys and receive
feedback on a large scale, which requires precision and agility for the evaluation [30].
Therefore, applying computer-based quantitative analysis that can automatically mine
useful information from open answers has become an important issue. In this study, we
applied an integrated text mining approach with Natural Language Processing (NLP),
principal component analysis (PCA), and co-occurrence network analysis to understand
the changes in students’ conception of sustainability from their free answers. We also used
Linguistic Inquiry and Word Count (LIWC) dictionary to investigate the psychometric
properties of students’ awareness and understanding related to sustainability.
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2.3. Research Purpose

The purpose of this study is to verify whether the course would achieve expected
effect as a sustainability education. Based on the characteristics of the course that focuses on
the transformation in students’ conception, this study sought to analyze the changes in the
basic psychometric properties of students’ awareness and understanding related to the UN
sustainable development goals. On two occasions before and after the class, participants
were asked to answer their standpoints toward sustainability. Of the 32 questions executed
in the survey, we focused on the three descriptive questions and their open-ended answers
as follows, which form the core of the survey.

Q1. What is your definition of a sustainable world?
Q2. What kind of sustainability issues are critical and should be addressed in creating a

sustainable world? Please explain your standpoint based on your experience.
Q3. What are the essential mindset and skills required to build a sustainable world?

Please explain why you would need such a mindset and skills.

While there were limitations to surveying all questions and responses, the use of free
answers is vital for examining the effectiveness of the sustainability course that addresses
complex issues as we discussed above. Three broad research questions around relative
differences in students’ understanding and language use in their answers guided the
analyses: (a) How different is students’ answer distribution before and after the class?
(b) How distinctive is the word structure in students’ answers? (c) How different is students’
language use across questions before and after the class? Based on these research interests,
we formulated the following hypotheses regarding the main trends in the changes in
students’ responses to each question after the class.

H1. Students obtained diverse aspects regarding the definition of sustainability. (Q1)
H2. Students shared consolidated views on the critical issues of sustainability. (Q2)
H3. Student opinions of the essential mindset and skills for a sustainable world remained

diverse without common understanding. (Q3)

To shed light on the results, we used text mining techniques to investigate undergradu-
ate students’ conceptions of sustainability and necessary mindsets and skills. Text mining is
the process of exploring and analyzing text data that includes various methods such as NLP,
PCA, and co-occurrence network analysis, explained in the next section. This advanced
analysis technique provided a rich understanding of university students’ perspectives on
sustainability compared to the UN originally defined sustainable development goals.

3. Materials and Methods

3.1. Participants

Participants were scholarship students enrolled in a sustainability class at a research-
intensive university in Australia who scored in the top 2% of Australian Tertiary Admission
Rank scores. Students come from various disciplines including Engineering, Business, Sci-
ence and Arts. A total of 107 out of 122 students completed the survey comprising 67 males
(54.9%) and 55 females (45.1%). Most were in their first year (81, 66.4%), with 24 second-
year (19.7%), 16 third-year (13.1%), and 1 fourth-year student. There were 33 Americans
(27%), 23 Sub-Saharan Africans (18.9 %), 21 Asians (17.2%), 13 Oceanians (10.7%), 12 North
African and Middle Eastern (9.8%). 14 Europeans (9), and others who participated in this
study. Half of the students majored in Engineering (64, 52.4 %), 20 and 17 of them majored
in Arts and Social Science (16.4%) and Architecture, Design & Planning (13.9%) as follows.
When they were asked about their career intention in STEM, 84 students (68.9%) answered
that they planned to pursue a STEM-related career. Data sources included responses to
open-ended questions delivered via a Qualtrics survey about building a sustainable world.
The student characteristics included demographic and academic information such as gen-
der, ethnicity, major, and program year. Participation was voluntary, and students could
decide to stop participating in the survey at anytime. Students did not have to answer any
questions they did not want to answer. Their participation did not have any impact on their
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grades or engagement in the course. Their confidentiality was maintained to the degree
permitted by the technology used and we did not capture identifiable information.

3.2. Data Analysis Methods

In this study, we conducted a comparison of students’ free answers in before and after
surveys using the techniques of NLP to prepare the free answers for analysis, as part of
the pre-processing stage. NLP has been used for the text analysis of free-style answers,
such as feature extraction [31,32], text classification [33], and sentiment analysis [34]. NLP
is a set of methods to enable computers to understand the meaning of natural language,
such as documents and sentences used by humans. It includes morphological analysis,
syntactic analysis, semantic analysis, and contextual analysis. Morphological analysis
is a method that divides sentences into morphemes, the minor linguistic units having
meaning. It assigns information to morphemes such as parts of speech (POS tagging) using
a machine-readable dictionary and a corpus of documents that stores the use of a language.
In the pre-processing of documents, the stopwords unrelated to the topic are often removed
beforehand. Stemming is a method that converts derivatives to the same feature. As
many stemming methods use simple lexical processing, the converted result can have a
different meaning. Therefore, the process of restoring words in their basic form is often
used instead of stemming, which is called lemmatization. After the pre-processing, vector
representation is often used to represent natural language in a mathematically tractable
form that a computer can understand. Each element of a vector represents the features of
a document or sentence. Each dimension of the vector is associated with a word, and its
value is usually the frequency of words in the document. This kind of vector representation
method of documents is called bag-of-words, as information about sentence structure and
word order is lost. However, in many cases, the frequency of the word-based approach is
sufficient to classify sentences according to their topics. In this study, since the scale of the
data is relatively small, we used morphological analysis and vector representation based
on the frequency of words.

To analyze the open-ended responses to the three questions, we executed basic pre-
processing using Natural Language Toolkit (NLTK) [35] as the following: (1) Replace
blank answers with empty space, (2) Lowercase all text, (3) Remove all blocks of digits,
(4) Remove all punctuation and replace it with a space, (5) Remove all diacritics and accents,
(6) Remove ubiquitous words using NLTK’s English stopwords of 179 words, (7) Remove
any extra whitespace, newline, tabs and any form of space. Next, to remove affixes and map
various forms of a word to the canonical word in a dictionary (known as lemmatization),
and to obtain the grammatical parts of speech tagging, we used a language model of
en_core_web_sm provided by spaCy [36], the open-source library for advanced Natural
Language Processing. en_core_web_sm is a trained pipeline for English that incorporates
lexical databases from OntoNotes 5 [37] and WordNet 3.0 [38]. In the following analysis, we
only used pre-processed words that are tagged as adjectives, verbs, nouns, proper nouns,
or adverbs and excluded words tagged otherwise from the analysis data.

3.2.1. Principal Component Analysis (PCA)

To extract principal information of the answers to each question, we performed
PCA [39] and students’ answers were transformed into vector representations with the
following procedures. We used each pre-processed word in a response as a “term”, and
each response in the target question as a “document”. We calculated the values of terms in
each document using TF–IDF [40], which is the product of the term frequency (TF) and the
inverse document frequency (IDF). This scoring method is empirically useful for a wide
range of datasets and has been proven to represent “the amount of information of a term
weighted by its occurrence probability” [41]. TF–IDF is defined as the following equation,
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tfidf(t, d) = tf(t, d) · idf(t), (1)

tf(t, d) = log (1 + ft,d), (2)

idf(t) = log
N

d ft
, (3)

where t and d represent the term and the document, respectively, tf(t, d) is the log value of
the TF, and idf(t) is the inverse ratio of the number of documents that include the term t.
N represents the total number of documents. When calculating TF–IDF we ignored terms
that have a document frequency lower than the threshold of 1.

By concatenating the values of terms in each response to each question, we obtained
the vector representation of each question, which is the multi-dimensional array that
corresponds to the TF–IDF values of the terms in the documents. To investigate the
difference in the vector representation of the questions, we applied PCA. PCA is the
dimensionality-reduction method that transforms variables into lower-dimensional data
while preserving as much of the data’s variation as possible, by decomposing data into two
orthogonal matrices with maximum variance and singular values known as an eigenvalue.
In this study, we reduced data into two principal components to visualize the vector
representation of the questions into X,Y two-dimensional coordinates.

3.2.2. Co-Occurrence Network Analysis

A document is a set of words, and the meaning it contains can be regarded as being
generated by the co-occurrence of words. Since the co-occurrence of words differs according
to the documents, the semantic aspects of the topics they represent also change. In other
words, topic context can be modeled using the co-occurrence relationships between the
words in the topic [42]. A co-occurrence network is one of the primary methods of text
mining, which visualizes such relationships between words in a document as a network,
based on the similarity of word occurrence patterns in the sentences. The nodes in the
network represent words, and the width of edges between nodes represents the strength of
word relationships, i.e., the number of their co-occurrences. Many researchers have used a
co-occurrence network of free answers, such as co-occurring emotions related to students
dropping out during the Massive Open Online Course (MOOC) [43], self-reported labels
of gender and sexual identities [44]. Co-word maps based on word occurrences are more
effective than topic modeling for designating semantic components, especially for small
and medium-sized data sets [45].

To capture the difference in the students’ responses before and after the class, we
counted the co-occurrences of words in every response, and the number of occurrences
of all combinations of the pre-processed word pair except for pairs of the same word in
response. Then we summed up the number of co-occurrences of pairs in the answers
to each question, which corresponds to the weight of the edges in the co-occurrence
network. For visualization, we selected the top 200 co-occurrence pairs and maximum
connected components in the network to avoid complexity. The network was drawn
using the Fruchterman-Reingold algorithm that simulates a force-directed representation
of the network treating edges as springs holding nodes close while treating nodes as
repelling objects. Simulation continues until the positions are close to an equilibrium. In
this algorithm, nodes connected by edges are placed close together (attractive force), while
nodes not connected by edges are placed farther apart (repulsive force). Therefore, in the
case of a co-occurrence network, words with a high co-occurrence, which are the words
students frequently use together in their responses, are placed closer and vice versa.

3.2.3. Linguistic Analysis with LIWC Dictionary

To investigate the psychometric properties of students’ understanding related to sus-
tainability, we investigated the linguistic features of their free answers, which employed
the LIWC2015 program (LIWC–Linguistic Inquiry and Word Count). This application
was created to serve as an efficient and effective method for studying the various emo-
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tional, cognitive, and structural components present in individual’s verbal samples. It has
been used to analyse students’ self-descriptions associated with their properties such as
depression and depression-vulnerability [46], course performance [47], and personality
differences [48]. The LIWC was firstly developed as part of an exploratory study of lan-
guage and disclosure [49] and has been constantly updated over time [50–52]. LIWC2015
software relies on an internal default dictionary defining which words should be counted
in the target text. In this study, LIWC2015 English dictionary data was provided by the
authors under the particular license they offered for more efficient analysis. LIWC2015
dictionary is composed of almost 6400 English words and 73 categories including linguistic
dimensions, psychological constructs, and personal concerns.

Among the psychological categories in LIWC2015, we focused on four categories of
Affective, Cognitive, Drives, and Relativity that showed large differences in the number
of word occurrences before and after class. The four categories contain sub-categories as
follows: Affective (Positive emotion, Negative emotion, Anxiety, Anger, Sadness), Cognitive
(Insight, Causation, Discrepancy, Tentative, Certainty, Differentiation), Drives (Affiliation,
Achievement, Power, Reward, Risk), and Relativity (Motion, Space, Time). Therefore,
we used 4 categories and 19 sub-categories in total, to extract the changes of students’
perceptions before and after the sustainability class.

4. Results

Data summary for students’ responses is provided in Table 1. Since each question was
not mandatory, the number of valid answers differed between questions before and after
the sustainability class. The average word per answer indicates the average number of pre-
processed words (adjectives, verbs, nouns, proper nouns, or adverbs) in each questionnaire.
Unique pairs are the number of combinations of pre-processed words in the questionnaires’
responses, which were made for the co-occurrence network. Normalized unique pairs
were calculated by dividing individual pairs by valid answers and average words per
answer. There were fewer valid responses and fewer pre-processed words and unique
pairs in the responses after the class. Q2 had the highest valid responses, average number
of words, and unique pairs among the three questions. Individual pairs in Q2 and the rate
of their decrease after class was higher than those in Q1 and Q3. However, the values of
the normalized unique pairs were not significantly different between questions.

Table 1. Data Summary.

Valid Answers Average Words per Answer Unique Pairs Normalized Unique Pairs

Question Before After Before After Before After Before After

Q1 167 115 13.98 13.78 15,864 11,385 6.795 7.184
Q2 178 133 29.01 20.45 83,399 36,664 16.151 13.480
Q3 169 124 23.20 19.31 43,435 26,142 11.078 10.918

Average 171 124 22.06 17.85 47,566 24,730 12.585 11.173

Figure 1 plotting points are calculated by PCA analysis for each response to questions
Q1, Q2, and Q3, respectively. The blue dots show the distribution of participants’ responses
at the beginning of the semester. The orange dots provide the distribution of participants’
answers at the end of the semester. In Q3, there is not much significant change in the
structure of the latent space between the blue and orange dots, indicating that participants
tended to provide dispersed answers without any common concepts. However, in Q1
and Q2, the distributions of the dots are particularly clearly differentiated, indicating that
their answers tended to be semantically different after the semester. Regarding the content
of the questions, the answers to Q2 about “most critical sustainability issues” tended to
converge. In contrast, the answers to Q1 about the “definition of sustainability” grew
to become diverse after the class. These results show that PCA analysis seemed useful
for distinguishing the significant changes in the respondents’ answers before and after
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the course, especially concerning the urgency and definition of sustainability. However,
it may not help detect minor or diversified changes in mindsets and skills needed for a
sustainable world.
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Figure 1. (Q1. ) The distribution of responses on “What is your definition of a sustainable world?
Please explain your stand point based on your experience.” in the latent semantic space, both for
semester beginning (blue) and semester-end (orange). (Q2.) The distribution of responses on “What
kind of sustainability issues are most critical and should be addressed in creating a sustainable
world? Please explain your stand point based on your experience.” in the latent semantic space, both
for semester beginning (blue) and semester-end (orange). (Q3.) The distribution of responses on
“What are the essential mindset and skills that you would need to build a sustainable world? Please
explain why you would need such a mindset and skills. ? Please explain your stand point based
on your experience.” in the latent semantic space, both for semester beginning (blue) and semester
end (orange).

Figure 2 represents the co-occurrence network of the words in the responses to each
question. The structure of the co-occurrence networks differed between the six networks of
the questions surveyed before and after the class. Q1 network had one center, i.e., almost
every word was connected to the centered two words of “sustainable” and “world”. On
the other hand, Q2 and Q3 networks had broader centers and the centered words were
dispersed after the class. Especially in Q2, the center was divided into two centers with the
appearance of the new hub of the word “poverty”.

Of the words used in the responses, the coverage rate of the terms registered in the
LIWC2015 dictionary was about 60%. Table 2 shows the number of pre-processed words in
each question, registered words, and registration rate in the LIWC2015 dictionary, both in
all categories (73 categories) and psychological categories (46 categories).

Table 2. A number of words and their registrations in LIWC2015 dictionary.

73 Categories 46 Categories

Group Words
Registered

Words
Registration

Rate
Registered

Words
Registration

Rate

Q1 before 2335 1384 0.593 1311 0.561
Q2 before 5164 2936 0.569 2728 0.528
Q3 before 3921 2366 0.603 2252 0.574
Q1 after 1585 1009 0.637 969 0.611
Q2 after 2720 1590 0.585 1482 0.545
Q3 after 2394 1511 0.631 1431 0.598
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Figure 2. The co-occurrence network of the words in the responses to each question.

Figure 3 represents the Pearson correlation among the questions calculated by the
distribution of word occurrences in psychological categories. We used 46 psychological
categories, including sub-categories, in the LIWC2015 dictionary and compared the correla-
tion of word distribution among the categories before and after the class. In total, highly
correlated pairs were the group of the answers to the same questions before and after class,
e.g., Q1_before and Q1_after.
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0.910 0.928 1.000 0.983 0.947 0.934

0.842 0.867 0.983 1.000 0.954 0.937
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Figure 3. Pearson correlation of psychological category distribution.

The number of occurrences of the word in the targeted four psychological categories
(Drives, Relativity, Affective, Cognitive), including 17 sub-categories in each question, is
shown in Table 3. In LIWC2015, each word was assigned to approximately three categories
on average, so the numbers were higher than the actual number of word occurrences.
The values ranged from about 300 to 1650 with no significant bias in the distribution
across categories.
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Table 3. A number of word occurrences in psychological categories.

Group Drive Relativity Affective Cognitive

Q1 before 508 1012 331 504
Q1 after 426 731 303 358
Q2 before 1475 1639 982 1445
Q2 after 964 760 542 823
Q3 before 1446 1212 767 1777
Q3 after 872 739 523 1214

To compare the difference among categories, we calculated standard scores for each
question before and after the class as the rate of the word occurrences in each of four
categories with sub-categories, divided by their total number of occurrences in 43 psycho-
logical categories. Table 4 shows the representative word examples and their number of
occurrences in the categories with significant differences in the standard scores before and
after the class. The differences were calculated by the standard score before class minus
those after class. If the difference was positive, before class word samples were displayed; if
negative, after class samples were shown in Table 4. Among the categories, main categories
were indicated with the asterisk “*”. Achievement and Power were the sub-categories
of Drive, and Work was the sub-category of Personal concerns. Therefore, we focused
on the four categories of Drives, Relativity, Affective and Cognitive processes, and their
sub-categories with high differences.

Table 4. Representative words in categories with significant difference of occurrences.

Category Difference Examples

Q1 Affective * −0.434 (well, 15), (peace, 9), (create, 7), (problem, 6), (support, 5)
Q1 Present focus 0.305 (live, 58), (need, 48), (meet, 21), (present, 15), (take, 10),
Q1 Discrepancy 0.296 (need, 48), (would, 12), (problem, 5), (must, 4), (rather, 3)
Q1 Social * −0.277 (people, 40), (human, 19), (individual, 15), (help, 9), (social, 9)
Q1 Drives * −0.277 (able, 13), (help, 9), (social, 9), (allow, 9), (meet, 8)

Q2 Relativity * 0.814 (world, 121), (change, 71), (global, 31), (action, 27), (environment, 22)
Q2 Drives * −0.613 (education, 61), (goal, 37), (important, 32), (poverty, 29), (create, 24)
Q2 Power −0.432 (education, 61), (important, 32), (poverty, 29), (help, 7), (big, 6)
Q2 Work −0.424 (education, 61), (goal, 37), (work, 12), (achieve, 11), (resource, 10)
Q2 Time 0.382 (time, 17), (due, 12), (term, 11), (current, 11), (still, 10)

Q3 Achievement 0.433 (skill, 90), (work, 28), (solution, 27), (achieve, 21), (able, 20)
Q3 Work 0.354 (skill, 90), (work, 28), (achieve, 21), (learn, 14), (goal, 14)
Q3 Cognitive * −0.311 (need, 56), (think, 31), (problem, 29), (change, 25), (other, 24)
Q3 Insight −0.292 (think, 31), (idea, 19), (solution, 18), (understand, 15), (solve, 14)
Q3 Drives * 0.240 (skill, 90), (important, 39), (work, 28), (problem, 28), (solution, 27)

Figure 4 shows a scatter plot of the standard scores with the (X and Y) axes corre-
sponding to (Drives, Relativity) with blue dots and (Affective, Cognitive) with orange dots,
respectively. The red arrows indicate the most significant change in the after-class values
compared to the before-class values, which corresponds to (Drives, Relativity) in Q2. On
the contrary, the position of (Affective, Cognitive) in Q2 was almost the same before and
after the class.
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Figure 4. Changes in the psychology categories in the responses to each question before and after
the class.

5. Discussion

This study aimed to determine the basic psychometric properties of students’ un-
derstanding of sustainability as measured by their language use in their answers. This
paper does not cover the full range of sustainability education. Instead, it focuses on
the self-development and shift in mindset needed to address real-world sustainability
concerns described in Section 2.1. Therefore, the primary purpose of this study was to
evaluate the transformation in students’ perception rather than memorizing knowledge
about sustainability.

Due to the limited number of data and the variety of students’ answers, we first
focused on extracting major components of the data and their changes after the class.
Then we confirmed the contents of the changes using network analysis and dictionary
matching. Using network analysis in the text mining of free answers, we detected the
unique perspective of the changes in students’ responses after the course. Results show
that students’ understanding of critical issues has increased significantly, strengthening
their motivation to build a sustainable world. According to the results, sustainability
education is more than simply transferring knowledge to students. It is also driven by
encouragement to acquire competencies for sustainability change agents, such as systems
thinking, anticipatory, normative, strategic, and interpersonal competencies to cope with
real-world problems [4].

5.1. Students’ Understanding of Sustainability from Word Distribution
5.1.1. PCA Plotting

One of the goals of this study was to estimate fundamental changes in students’
awareness and understanding of sustainability from the perspective of word distribution.
Using TF-IDF values of words, we obtained the distributed representation in students’ free
answers and compared their differences using PCA plotting. Although PCA plotting is
a naive method to visualize data points by summarizing word representation into two
dimensions, it is essential to note that we found different trends among the answers. Since
PCA extracts principal components with the most considerable variance in the data set,
it reflects the main differences in the students’ use of words. The distribution of the data
points showed that students tended to give semantically different answers for Q1 and Q2
after class, with Q1 more dispersed and Q2 more aggregated. The Q1 is about the definition
of a sustainable world; these dispersed Q1 PCA plots can be explained from class contents.
This class provided UN 17 sustainable development goals to students. Thus, the students
may expand their thoughts about definitions of sustainability related to the 17 goals to
make a sustainable world. In addition, they gave continuously diverse answers over time in
Q3, suggesting that students with different majors may provide different essential mindsets
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and skills to build a sustainable world. The results suggested that hypotheses H1, H2, and
H3 were supported.

5.1.2. Co-Occurrence Network Analysis

Before assessing the hypotheses, we first observed the consistency between network
structure and word use in students’ answers. We applied co-occurrence network analysis
by linking frequently occurring words in response, the top 200 frequent word pairs in this
study. The typical star structure of the co-occurrence network of Q1 was consistent with
the grammatical characteristic of English that requires a subject to complete a sentence.
Since Q1 required the same subject to explain its definition, almost all answers contained
“sustainable world” as a subject, resulting in a hub of two words in the network. On the
other hand, Q2, and Q3 allowed for a wider variety of subjects and words in their responses,
consistent with the network structure with a broader center. This network characteristic
was aligned with the more prominent average words and unique pairs of Q2 and Q3, as
shown in Table 1. From these observations, we assumed co-occurrence network analysis is
functional for assessing the basic features of the answers formulated in the hypotheses. The
emergence of the new hub “poverty” and its neighbor words’ low number of links in Q2
after the class showed the uniqueness of the neighbors, suggesting that quite a few students
tended to use more specific terms related to poverty after the course. These findings support
our hypothesis H2, indicating that a substantial number of students shared the perception
of poverty as a critical issue of sustainability. This result aligns with a few empirical studies
on college students’ perceptions of sustainability and poverty. For example, Watson et al.
reported that engineering students participating in learning-cycle-based sustainability class
were able to connect relations between sustainability and poverty well [53]. However, we
could not find particular patterns that strongly explain hypotheses H1 and H3 from the
analysis based on the overall structure of the network. For a more detailed assessment,
we investigated the word distribution using linguistic analysis based on psychological
categories as the following.

5.2. Psychological Transfer in Students’ Understanding of Sustainability
5.2.1. Assessing the Stability

In studies analyzing time-series changes in spoken words, the stability of the term
used was often a key issue concerning the reliability of the analysis. Stability has been
investigated by the correlation or overlap of people’s language use over time [54,55]. Based
on the preceding studies related to stability, we investigated the Pearson correlation of
the students’ word use before and after the class to assess the reliability of the analysis
(Figure 2). As a result, the groups of answers to the same question were highly correlated
compared to the other questions, indicating stability in the tendency of students to give
similar answers to the same questions. The stability among questions was also confirmed
by the scatter plot of the standard scores in Figure 4, i.e., the positions of each question
were relatively close before and after class compared to those of the other questions.

5.2.2. Assessing the Change

Among the relatively unchanged positions in the same questions, Q2, given Drive
and Relativity, showed the most considerable shift before and after the class, contrary
to Q2, given Affective and Cognitive process that showed the slightest shift (Figure 4).
The LIWC2015 dictionary has five sub-categories within the Drive category: Affinity,
Achievement, Power, Reward, and Risk, which represent the motivation factors that lead to
behaviors. The new hub of “poverty” on the co-occurrence network in Figure 3 belongs to
the sub-category of Power. Therefore, the hub “poverty” appears to emerge, accompanied
by an increase in Drive-related words. Considering that the content of Q2 was “What are
the essential issues for creating a sustainable world?” students’ perceptions seemed to have
deepened to produce more concrete actions rather than internal aspects such as emotion
and cognition.
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6. Conclusions

This study investigated students’ perceptions of sustainability and the skills required
to build a sustainable world from an educational perspective. The results showed impera-
tive insights into the benefits of sustainability experiences and knowledge that generate
motivation to develop students’ competencies as change agents. In addition, this study’s
surveys were conducted at the beginning and the end of the sustainability class to explore
changes in students’ perceptions of building a sustainable world. The results indicated
that the sustainability class impacts college students’ perception of critical sustainability
issues and these solutions. The word distribution PCA plots showed that class might assist
students with understanding or identifying the core critical sustainability issues, given
that the plots converged. Furthermore, a co-occurrence network analysis showed that
students view poverty as an essential issue in their post-survey than in their pre-survey.
In representative words in categories (Table 4), students used more drive words in the
post-survey compared to the pre-survey and fewer relativity words in the post-survey
compared to the pre-survey. Perhaps students have responded by providing solutions
to build a sustainable world rather than raising sustainability issues. Lastly, the central
phenomenon portrayed in Figure 2 shows that emerging poverty as a critical issue for
sustainability tended to depend on motivations, as discussed above. These motivations
were not limited to acquiring knowledge about sustainability. Thus, there were ways that
the various interests of sustainability and envisioning a possible future self were connected
to the sub-themes of sustainability. Based on our study, we recommend sustainability
educators and practitioners include real-world-based projects that incorporate the United
Nations’ sustainable development goals and provide activities that address the fundamen-
tal issues with a holistic whole system perspective. This practice may help college students
think comprehensively about sustainability issues and how to develop a sustainable world.

There are several caveats to our analysis. First, because the survey data used in this
study were from the sustainability course designed for personal and leadership develop-
ment from a holistic perspective and mutual understanding, it did not pursue domain-
specific knowledge or techniques, as discussed in Section 5. Therefore, programs aimed
at acquiring specific techniques that contribute to sustainability may not be applicable or
produce different results for this study. Second, the visualizations of Figures 1 and 2 does
not cover the entire data. Due to the limited number and variety of data in this study,
it required more than 50 dimensions to meet the sufficient cumulative contribution rate
above 0.6 for PCA validation. Therefore, the PCA plotting of 2-dimensional space does not
represent the entire data distribution, and we used the visualization only to capture the
major difference in the data. The characteristics of the overall structure of the network are
also difficult to verify. Therefore, we visualized the network multiple times and confirmed
its major characteristics did not change with the fluctuation caused by the visualization.
PCA and co-occurrence networks only capture the principal differences among students’
answers; however, the LIWC dictionary covers the majority of data, as shown in Table 2.
Third, because we focused on the primary analysis based on word occurrences, the context
of each student’s answer was lost. In addition, because the data were not linked to indi-
vidual names or IDs, the analysis result did not capture the individual student differences
throughout the course. Applications of advanced NLP techniques, such as deriving domain
models from free answers, are left for future research.
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Abstract: In this review paper, we computationally analyze a vast volume of published articles in the
field of Adaptive Learning, as obtained by the Scopus Database. Particularly, we use a query with
search terms targeting the area of Adaptive Learning Systems by utilizing a combination of specific
keywords. Accordingly, we apply a multidimensional scaling algorithm to construct bibliometric
maps for keywords, authors, and references. Subsequently, we present the computational results for
the studied dataset, reveal significant patterns appearing in the field of adaptive learning and the
inter-item associations, and interpret the findings based on the current state-of-the-art literature in
the area. Furthermore, we demonstrate the time-series of the evolution of the research terms, their
trends over time, as well as their prevalent statistical associations.

Keywords: adaptive learning; intelligent tutoring systems; personalized learning; machine learning;
bibliometrics

1. Introduction

Scientific research in the field of learning systems has progressed through the inevitable
utilization of technology advancements [1]. The aim is to describe and design learning
processes that are able to dynamically adjust to the level or type of course content based on
an individual student’s tacit knowledge or skills. Accordingly, systems that accelerate a
learner’s performance have emerged, often characterized as intelligent tutoring systems and
personalized training [2]. Among others, these terms have been referenced in numerous
scientific papers over the last 20 years, to describe the notion and aspects of adaptive
learning systems. However, due to the vast scientific output produced in any discipline, it
is a modern approach to use quantitative tools to analyze the current structure of a thematic
area [3], usually followed by a more specific analysis of the most influential papers [4].

The purpose of this paper is to systematically analyze the evolution, status, and trends
of scientific research in the field of adaptive learning systems, by utilizing a generic frame-
work for Bibliometric Analysis [5–8]. This analysis is performed by assorting specific
attributes of the papers, such as the comprised keywords, authors, references, as well as
other types of bibliographical information, e.g., journal’s metrics and papers’ citations,
herein called Bibliometric Objects (BO), and using a machine learning algorithm, which
is described in Section 2. In Section 3, the query for the extraction of the studied datasets
is described, and in Section 4 we analyze the numerical results. In Section 5 we associate
the results with the top-cited papers in the field and interpret the findings. In Section 7,
the conclusions of the study are presented.

2. Multidimensional Scaling for Bibliometric Mapping

The rendering of a bibliometric map requires the identification of the location of each
BO on a two-dimensional space, such that the distances among the objects represent the
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inter-item dissimilarities. Particularly, a bibliometric map has the following characteris-
tic attributes:

• Each object (e.g., Keyword, Author, or Reference) is represented as a point on the 2D
map, with its coordinates on the Cartesian plane;

• The objects with co-occurrences are connected with a line;
• The thickness of the line represents the link strength, which is proportional to the

similarity (or co-occurrence) between the objects;
• The distances between the objects are indicators of their dissimilarity.

2.1. Baseline Formulation

We define as c = cij the elements of the contingency matrix c, with

[N] = {1, 2, . . . , N},

the iterator for the number of Bibliometric Objects N, and i, j ∈ [N]. The contingency table
cij corresponds to the counting of the co-occurrence of objects. Henceforth, it is rational to
define the similarity matrix s, with elements

sij :=
cij

max c
, (1)

and the corresponding dissimilarity

dsij := 1 − sij, (2)

both comprising values in [0, 1]. Accordingly, we define the pairwise distances of two
elements on the map

dij :=
∥∥xi − xj

∥∥2
2, (3)

where xi stands for the t-dimensional vector, defining the position of the ith point on the
map. For the case of two-dimensional maps, we use t = 2; however, the procedure can be
generalized for t > 2 as well for 3D maps or dimensionality reduction procedures.

Ideally, we should have a map such that

dsij ≡ dij ∀i, j ∈ [N], (4)

or alternatively,
dsij ∝ dij ∀i, j ∈ [N]. (5)

However, this cannot be attained exactly for any N > 3. Henceforth, the problem
of finding the bibliometric objects’ location on the map should be formulated as an op-
timization problem, that is, to find the best possible Furthermore, the formulation of a
representative objective function for such a purpose is not unique and vastly affects the
obtained shape of the map (see next Section 2.2). Moreover, the optimization algorithm
used to solve this problem is still an open issue (see below Section 2.3).

2.2. Objective Functions

By defining f as the objective function, the problem of finding the best possible
topology of the objects is formulated as finding the optimal x, that is to say

xopti = arg min f (x) := {x ∈ A ⊆ R
t

| ∀y ∈ A : f (y) ≥ f (x)},
(6)

for a t-dimensional map, and a given domain A ⊆ R
t. A number of objective functions were

investigated in order to construct a map, such that each dij corresponds to the reciprocal
dsij. One approach to this multidimensional scaling problem [9], can be formulated as
finding a t-dimensional map, where the order of distances of the N objects, when ranked
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monotonically at a descending order, corresponds to the monotonically descending order of
their dissimilarities [10,11]. That is to say, higher distances resemble lower similarities. This
is achieved through the minimization of the corresponding errors, called stresses. However,
this approach does not always offer a consistent representation of the dissimilarities, as it
does not utilize a mathematical association for the mapping of the dissimilarities to the
distances further than the monotonicity. Thus, two pairs of points on the map with
comparable distances may correspond to dissimilarities with a high difference.

Another approach often used in bibliometric mapping [12], is to minimize the objective function

f (x) = ∑
i,j∈[N]

sijdij, (7)

or, equivalently,

f (x) = ∑
i,j∈[N]

dij

dsij
. (8)

However, this approach does not exploit the significant information where the similarities
are equal to zero because they will be omitted in the summation. Additionally, it does not offer
a measure of the efficiency of the algorithm, as the summation is not comprehensible.

Additionally, we investigated as an objective function a combined metric obtained by
fitting a regression curve between the dissimilarities and the distances. The regression was
nonlinear, considering the dissimilarities to an rth power as the independent variable and
the corresponding distances as the dependent ones. The regression equation is written as

dij = αdsr
ij + β + εij,

where α is the regression coefficient, β is the constant term, and ε is the regression residuals.
Hence, by varying the positions on map xi, the regression coefficients a, b, as well as the
coefficient of determination R2, also varied. Accordingly, the objective function to be
minimized can be written as

f (x) = |β(x)|+
∣∣∣1 − R(x)2

∣∣∣+ |α(x)− 1|
3

,

using the 1
3 factor for α, for normalization purposes. This way, the optimization algorithm

is utilized to find a solution satisfying the fundamental regression requirements, for low
or zero constant term, high R2 and close to a unit slope of the regression line. The total
number of design variables was 2N + 1; i.e., 2N for the points and 1 for r, as we varied r
during the optimization process. The regression coefficient α that was divided by three
relaxed the variation of the slope, as it is important to avoid extreme values, for example,
slopes close to zero or tending to infinity. However, this formulation is in fact a double
optimization problem, one for the map and one for the regression, which is nested into
the former. Hence, the execution time was very slow. Additionally, the results were not
satisfactory, as the errors, although small, disorientated the mapping procedure.

Accordingly, another idea was to minimize directly, the absolute value of the difference
between the distances, and a nonlinear function of the dissimilarities

f (x, α, β, r) =
∣∣α + βdsij

r − d(x)ij
∣∣.

Therefore, by including α, β in the optimization problem, the number of variables
becomes 2N + 3. However, this approach gave us good results only for extreme (high
or small) values of α, β; thus, the corresponding maps did not supply any information
regarding the efficiency of the algorithm.

Additional approaches were investigated. In particular, instead of using the co-
occurrence map, the matrix of the chi-squared statistic, as well as the corresponding
p-values, were investigated as candidates for similarity matrices. However, the p-values
exhibit vastly low values (e.g., 10−100 or less), and thus the corresponding distances could
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not be coherent. Similarly, for the χ2, the values were either equal to zero or close to 1,
not supplying the necessary information to construct the map. Furthermore, instead of
minimizing the summation of the errors between the distances and the dissimilarities,
the maximum difference, as well as specific quantiles of the distribution of the differences,
were also investigated. However, they did not perform well enough, as the minimization
problem does not have a solution equal to zero because of the error always existing in
dimensionality reduction problems. Thus, optimizing the maximum or the 75% percentile
does not necessarily lead to the minimization of the other distances, as well.

Another idea was also investigated, inspired by the dropout technique [13], which
is common in the training of artificial neural networks, targeting the avoidance of over-
fitting. In particular, the technique was used each time the optimizer did not optimize
the a% percentile (i.e., 75%) but the a + ε, where ε stands for a randomly generated error
number. However, this technique did not give satisfactory results for the reasons stated
above. Other specific techniques, such as linkage or hierarchical clustering, exist for the
representation of multiple correlations between N objects; however, they do not usually
offer a coherent, easy, and quick interpretable way of representing the associations between
N objects simultaneously, as that multidimensional scaling offers.

Finally, after many trials, we decided to utilize the formula

f (x) =
1
N ∑

i,j∈[N]

|dsij − dij|. (9)

We may also add the constraint

min dij ≥ l, (10)

where l is a specified threshold to avoid the coincidence of pairs of objects in the final map.
Furthermore, we may easily weigh the elements of the objective function by multiply-

ing them by the summation of the occurrences for each pair i, j. This way, we can control
the map creation by giving more attention to the most important elements.

2.3. Optimization Algorithms

A number of optimization algorithms were investigated for the minimization of the
objective function of the optimization problem, including genetic algorithms [14], pattern
search [15], particle swarm optimization [16–18], trust region [19], global search [20], and the
Levenberg–Marquardt Algorithm [10,21,22], among others. For the trust region and global
search methods, the supply of the gradient was investigated, as well. Finally, we utilized
the Pure Random Orthogonal Search (PROS) optimization Algorithm [23,24], modified to
fit the Bibliometric problem, as presented in Algorithm 1.
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Algorithm 1: Bibliometric map generation
Data: Vector of Strings of the Bibliometric Objects
Result: optimal positions xopti = xi,opti∀i ∈ [N] on the Bibliometric Map
Compute co-occurrences cij of the studied BO and maximum iterations fe;
Compute s, ds from cij (Equations (1) and (2));
Initialize x := xi∈[N] ∈ A randomly;
Assign xopti ← x;
Compute fopti = f (xopti);
for i ∈ fe do

i ← U (1, N);
j ← U (1, 2);
ra ← U (0, 1);
xij = lbj + ra × (ubj − lbj);
Compute dij ∀ i, j ∈ [N];
Compute frun = f (x) (Equation 9);
if frun ≤ fopti then

fopti ← frun;
xopti ← x;

else

x ← xopti;

Plot Bibliometric Map;
return xopti positions

The procedure is generic for all BO, denoting either keywords, authors, references,
or any other object. All the matrices s, c, ds, d are symmetric. The vector x comprises the
design variables of the optimization problem. For a 2D map, x denotes a set of points in the
R2 space, that is

xi∈[N] = (xi1, xi2). (11)

Ideally and only theoretically, all the errors eij = dsij − dij should become equal to
zero, but this cannot be attained in practice because the map represents multidimensional
relationships in the 2D space, leading in dimensionality reduction. Hence, the aim is to find
all the xi, corresponding to the minimum errors eij.

The algorithm starts with the initial calculation of the co-occurrence table of the stud-
ied objects (keywords, authors, or references). Accordingly, the similarity and dissimilarity
matrices are obtained, as per Section 2.1. The optimization algorithm randomly initializes
the positions of each object and computes the distances between the objects on the biblio-
metric map. In the end, the optimal values of the positions are utilized to visualize the
results on the bibliometric map.

Furthermore, we may specify a priori the locations of the top frequent keywords
[t] = {1, 2, . . . , t}, x[t]. For this work, we positioned the most frequent keyword at the
center of the map (0, 0) and the next four most frequent on a unit rectangle around zero.
The optimization algorithm runs after this step accordingly.

3. The Studied Databases of Papers

A bibliometric study depends on the papers’ database; subsequently, the initial effort
is given to assembling a thorough query. Some iterations might be necessary until the
query represents the actual topic studied. It is essential to keep track of the searching
date, as well as the exact query, in order to obtain reproducible results. A good practice is
to start with a generic search and, step-by-step, narrow it down to identify the thematic
area in the database in order to obtain a final search query that will focus on a particular
field without losing its significant thematic areas. There are several databases that can be
used such as Scopus (https://www.scopus.com, (accessed on 17 March 2022) ), Web of
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Science (https://www.webofscience.com, (accessed on 17 March 2022)), Google Scholar
(https://scholar.google.com/, (accessed on 17 March 2022)), etc. In this work we use the
Scopus database, comprising a rich collection of journals [25].

3.1. The Scopus Query

We searched in the Scopus [26] database by using a combination of keywords derived
from an initial screening of the papers in the literature regarding Adaptive Learning
(Table 1). Hence we get the following query of the form “TITLE-ABS-KEY (“personalized

learning”) OR TITLE-ABS-KEY (“intelligent tutoring systems”) . . . ”, etc. The complete
structure of the query is presented in Table 1. We selected these particular keywords,
after an overview of the literature regarding adaptive learning systems. Accordingly,
after a manual search of the existing papers, we selected the ones that occurred with high
frequency, still relevant to the studied topic.

Table 1. Search query in Scopus.

Adaptive Educational
Hypermedia System OR Adaptive Educational System OR

adaptive learning OR
advanced learning

technologies OR

intelligent learning platforms OR intelligent tutoring systems OR

AI-based learning systems OR
personal learning

environments OR

personalized learning OR smart learning environments OR

tutor-based expert systems OR
web-based adaptive

educational applications
AND

education OR lesson in Title OR Keywords

We assembled the query on 17 March 2022. We limit the results to the last 30 years,
i.e., within the period 1992–2021, as before 1992 we had only a few papers (less than 20 per
year), and 2022 is still a year in progress. Hence, we obtained a total of 5564 papers in the
following categories: Conference Papers (N = 3756), Articles (N = 1489), Book Chapters
(N = 129), Conference Reviews (N = 75), Reviews (N = 67), Books (N = 19), Notes (N = 11),
Retracted Articles (N = 6), Editorials (N = 6), Letters (N = 3), Errata (N = 2), Short Surveys
(N = 1).

3.2. Keywords’ Grouping

Keywords’ grouping is a significant part of the analysis, as some keywords appear
with multiple records. For example, the keyword “Artificial Neural Network”, will count
as different than “Artificial Neural Networks”, and “ANNs”. The grouping of keywords
after a first analysis will contribute to obtaining aggregated and meaningful results. In
Appendix A, we provide the grouping of the utilized keywords . All keywords (as well as
authors, references, etc.) are converted to lowercase so as to avoid duplicate BO.

4. Results

4.1. Bibliometric Map of Keywords

In Figure 1, the bibliometric map of the top 28 keywords after grouping is presented.
As stated in Section 2, we put in the center the keyword “intelligent tutoring system”,
and around it the next top four keywords, which are:

• Adaptive learning;
• Personalized learning;
• Artificial intelligence;
• Higher education.
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intelligent tutoring system

personalized learning

adaptive learning higher education

artificial intelligence

ontologies

learning analyticsmachine learning

educational data miningartificial neural networks

data mining
distance learning

self-regulated learning

its

student modeling

learning styles

student model

affective computing

educational technology

assessment

motivation

learning style

natural language processing

blended learning

interactive learning environments

Figure 1. Association map of top 28 keywords, for adaptive learning database, after their grouping.

Despite the complex nature of the associations presented by the lines connecting
the keywords, we may distinguish some clusters of keywords as automatically detected
by the algorithm. Particularly, close to keyword “artificial intelligence”, we observe the
following keywords:

• Self-regulated learning;
• Affective computing;
• Machine learning;
• Distance learning;
• Student modeling,
• Motivation.

Furthermore, close to “adaptive learning”, we see “ontologies”, and “assessment”.
Additionally, close to “personalized learning”, we observe the keywords “interactive
learning environments”, “data mining”, “learning analytics” at a micro cluster, along
with keywords “educational technology”, and “learning styles” at another cluster near
the former one. The keyword “higher education”, was found close to “natural language
processing”, and “blended learning”. Finally, at the top edge of the map, we may see the
keyword “student model”, very close to “artificial neural networks”, and “learning style”,
close to “educational data mining”. Accordingly, we present in Table 2 the automatically
extracted sub-categories of the field.

Table 2. Sub-categories of adaptive learning systems research.

Artificial Intelligence Adaptive Learning Personalized Learning Higher Education

self-regulated learning ontologies interactive learning
environments natural language processing

affective computing assessment data mining blended learning
machine learning learning analytics
distance learning educational technology
student modeling learning styles

motivation

Similar findings are rendered if we re-arrange the co-occurrence matrix for keywords,
using the Cuthill McKee algorithm [27,28] as per Figure 2. Particularly, by re-arranging
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the rows and columns of the matrix to obtain the majority of the elements near the main
diagonal, we see that the keywords “higher education”, “personalized learning”, “adaptive
learning”, “learning analytics”, “machine learning”, “artificial intelligence”, and “artificial
neural networks” are highly related pair-wise.

(a) Initial Contingency (b) CuthillMcKee Contingency (c) CuthillMcKee Matrix—Center

Figure 2. Rearrangement of the contingency matrix using the CuthillMcKee method.

4.2. Current State and Emerging Insights

It is of great importance to highlight not only the structure of the studied field and its
sub-categories, but also the evolution of the research, along with future trends. In order
to do this in a generic, quantitative manner, we perform time-series analysis. Particularly,
in Figure 3a, we demonstrate the evolution of the number of the top five keywords’ oc-
currences over time. We may observe a clear increasing pattern for all keywords, apart
from “intelligent tutoring system”, which presents a decreasing pattern after 2017. This
is further confirmed if we plot the normalized time-series, which is the initial counting,
divided by the total number of papers published in the current year for the specific data
set. This is depicted in Figure 3b, where “intelligent tutoring system”, decreases constantly,
contradictory with the other top four keywords.

(a) Occurrences (b) Normalized Occurrences

Figure 3. Time series of the evolution of the top keywords.

Furthermore, by identifying all the pairwise Pearson correlation coefficients of the
time-series, we obtain Figure 4, depicting “learning styles” to be highly correlated over
time with “assessment”, with a peak in 2001, a Pearson correlation of 92.7%, and, similarly
“learning styles” with “artificial neural networks”, having a Pearson correlation of 79.3%.
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Figure 4. Computational identification of correlation among “learning styles”, “assessment”, and “ar-
tificial neural networks” timeseries.

An interesting finding is obtained from Figure 5, where we may see that “educational
data mining” and “natural language processing” time-series exhibit close evolution over
time, with a Pearson correlation of 85.1%. This indicates a significant part of the modern
adaptive learning system, where text analysis is prevalent.
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Figure 5. Similar evolution of “educational data mining” and “natural language processing”
time series.

Finally, in Figure 6, we automatically detect the five top nonlinear trends by fitting a
second order polynomial in the time-series, and selecting the ones with higher coefficients.
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Figure 6. Time series of maximum nonlinear trends.

Hence, we identify as emerging trends the following keywords: “blended learning”,
“natural language processing”, “learning style”, “self-regulated learning”, and “educational
data mining”.
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4.3. Map of References

In total, we identified 131,898 references in the studied papers. The top 25 papers cited
within the studied database were extracted to create their bibliometric map. Four of them
did not appear simultaneously as references; hence 21 were finally kept [29–42] (Figure 7).
Accordingly, we observe four distinct clusters of references.

Anderson (1995) VanLehn (2011)

Felder (1988)

Murray (1999)

Vanlehn (2011)

Koedinger (1997)

Bloom (1984)

VanLehn (2006)

Corbett (1995)

Koedinger (1997)

Brusilovsky (1996)

Hattie (2007)

Shute (2008)

Aleven (2009)

Vanlehn (2006)

Conati (2009)

Piech (2015)Bloom (1984)

Corbett (1994)
VanLehn (2011)

Corbett (1995)

Figure 7. Association map of references [29–42].

5. Analysis of Top Cited Papers

5.1. Highly Cited Original Research Articles

This section revisits and briefly presents the contribution of the 10 most cited original
research articles retrieved using the query described in Section 3. For each manuscript, we
attempt to identify how its content and scope relate to the terms listed on the top-keywords map.

The authors in Ref. [43] performed a comparative study between an inverted classroom
and the traditional classroom for an introductory statistics course at the same university.
The findings of this study demonstrated that students participating in the inverted class-
room were less satisfied with the teaching format than students in the traditional classroom
were. Yet, they became more open to cooperative learning and innovative teaching meth-
ods. Although the inverted classroom is not explicitly referred to in the map, it is however
directly related to the term “blended learning” as the inverted classroom is a specific type
of blended learning.

Baker et al. [44] examined student nonverbal behaviors such as boredom, frustration,
confusion, and engagement during interactions with three computer-based learning en-
vironments, including a dialogue tutor and a problem-solving-based intelligent tutoring
system. The results showed that boredom in computer learning environments is associated
with poorer learning and problem behavior, while frustration was less associated with
more inadequate understanding. In this case, we can easily correlate the term intelligent
tutoring system with the keyword map as it appears to be the map’s core term.

Another study that refers to the term “intelligent tutoring systems” of the map is the work
of VanLehn et al. [45]. Their research reported results from 5 years of using the Andes [45,46]
tutoring system in introductory physics courses taught at the U.S. Naval Academy. The au-
thors noted that students who used the Andes for homework got significantly higher exam
scores than students in control groups who did paper-and-pencil homework.

In a similar study [47], the researchers used a probabilistic student model with
Bayesian networks in the Andes tutoring system to manage uncertainty. This intelli-
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gent tutoring system hints at “rules” when it infers that a student has not yet mastered
the lesson. Regarding the keyword map, besides the “intelligent tutoring system” term,
the term “machine learning” also appears as the authors performed both a machine learn-
ing style evaluation and an evaluation with real students of the Andes student model for
problem-solving.

In addition, Chen et al. [48] proposed a personalized e-learning system based on IRT
(PEL-IRT), which considers both the course material’s difficulty and the learner’s ability to
provide individual learning paths for learners. Experimental results show that the proposed
system can provide personalized learning and help learners learn more effectively and
efficiently. The term “personalized learning”, which is the researchers’ primary goal, can
be found among the keywords of the map.

In Ref. [49], the authors present a web-based Adaptive Educational Hypermedia
system, called INSPIRE, designed to support web-based personalized instruction and
traditional classroom-based teaching as a supplementary resource. The proposed method
includes adaptive and adaptable behavior guided by the learner model and characteristics
such as knowledge level and learning style. Regarding the keyword map, we can easily
recognize the “adaptive learning”, “personalized learning”, “learning styles”, and “student
model” terms.

ELM-ART [50] is another adaptive remote tutor system implemented on WWW that
combines the features of an electronic textbook, a learning environment, and an intelligent
tutoring system, helping students learn to program in Lisp. The system supports the
student by applying adaptive hypermedia techniques—adaptive annotation and adaptive
link sorting. As before, “intelligent tutoring system”, and “adaptive learning” are among
the terms in the keyword map.

In another study, Chen and Chun [51] presented an analysis of a personalized mobile
English vocabulary learning system in mobile devices providing appropriate English
vocabulary for learning. Results showed that the vocabulary learning system promoted
the students’ performance and interest because of the practical and flexible vocabulary
learning process. According to most of the learners who participated in the experiments,
the proposed system was very helpful in English vocabulary learning. It promoted their
learning interests and English vocabulary abilities without time or constraints according
to their vocabulary ability and memory cycle. Furthermore, by observing the terms of the
keyword map, we can indirectly associate the terms “distance learning” and “learning
styles” terms with the paper.

Vrugt et al. [52] introduced a self-adaptive multimethod evolutionary search concept and
proposed the multi-algorithm genetically adaptive method (AMALGAM). The AMALGAM-
SO merges different optimization methods such as covariance matrix adaptation evolu-
tionary strategy, parental-centric recombination operator, PSO, GA, and DE for population
evolution [17]. The optimization methods with the highly productive search were adap-
tively selected to generate more offspring during the investigation. Experimental results
conducted using a set of standard benchmark functions showed that the concept of self-
adaptive multimethod optimization improved the robustness and efficiency of the evolu-
tionary search. For this paper, we can see that the term “genetic algorithm” is not explicitly
referred to in the map as a keyword but is directly related to the terms “machine learning”
and “artificial intelligence”.

Finally, in Ref. [53], researchers proposed a three-interval type-2 fuzzy neural network
(IT2FNN) architecture, with hybrid learning algorithm techniques (gradient descent back-
propagation and gradient descent with adaptive learning rate backpropagation), for solving
the uncertainty of real-life problems. Through the two conducted experiments (i.e., a non-
linear identification problem for control systems simulation and a nonlinear Mackey–Glass
chaotic time series prediction problem with uncertainty sources), the efficiency of the
IT2FNN algorithm was validated. “Artificial neural networks”, “artificial intelligence”,
and “machine learning” terms on the map are directly or indirectly related to Ref. [53].
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5.2. Highly Cited Original Research Articles Published in the Last 5 Years

This section continues by presenting the most highly cited articles published in the
last five years in order to discuss recent significant advancements.

The authors in Ref. [54] analyzed the implementation of adaptive learning systems in
the learning process of higher education according to the scope, type of adaptive learning,
functional purpose, integration with existing learning management systems, and appli-
cation of modern technologies. Researchers support that utilizing the blended learning
concept makes it easier to structure an e-learning course and define how it can be adapted.
By observing the terms of the keyword map, we can easily recognize the terms “blended
learning”, “adaptive learning”, and “higher education”.

Ullah et al. [55] proposed an expanded Technology Acceptance Model for imple-
menting blockchain that could assist decision-makers in building an intelligent learning
environment for the educational institutes of the emerging economies. Although no specific
terms can be directly identified in the keyword map, the term “adaptive learning” can
indirectly be related to the paper.

In addition, in their study, Molenaar et al. [56] investigated the student’s self-regulated
learning (i.e., how learners regulate their effort, accuracy, and education) with adaptive
learning technology using moment-by-moment learning curves. Their result confirmed that
adaptive technology could improve self-regulated learning and increase learning efficiency.
In this case, “self-regulated learning”, “adaptive learning”, and “learning analytics” terms
can be directly and indirectly associated with the keyword map.

Han et al. [57] used learning analytics to develop two dashboards for students and
instructors. This enabled students to monitor their face-to-face collaborative argumentation
(FCA) process through adaptive feedback and helped the instructor provide adaptive
support at the right time. The paper easily relates to the keyword map’s terms “learning
analytics” and “adaptive learning”.

Furthermore, in Ref. [58], researchers conducted an integrative literature review in
higher education to identify the most applicable and effective technology models that sup-
port personalized learning within blended learning environments. The study highlighted
three models:

• Digital badges;
• A learner dashboard as the main feature and adaptive learning technology;
• Competency-based technology that adopts algorithm-based tutoring systems.

The terms “blended learning”, “personalized learning”, and “higher education”,
which are the researchers’ focus, also appear in the keyword map.

Shiff [59], in his recent work, assessed the status of artificial intelligence in education
(AIEd’s), with a focus on intelligent tutoring systems and anthropomorphized artificial
teaching agents. According to the author, the most prominent AIEd characteristics are
personalized real-time feedback and adaptive learning. Correlating this paper with the key-
word map, one can easily recognize the terms “artificial intelligence”, “adaptive learning”,
and “personalized learning”.

In Ref. [60], the prototype for a fully automated gaze-based attention-aware adaptive
intelligent tutoring system for classroom use is presented. To do so, Hutt et al. [60] leverage
eye trackers and pre-trained machine learning models to detect mind-wandering, using data
from high-school students. At the same time, they interacted with educational technology
in classrooms. The researchers used this approach to trigger dynamic interventions to
reengage attention and improve learning. The paper is, directly and indirectly, related to the
terms “educational technology”, “machine learning”, “adaptive learning”, and “artificial
intelligence” of the keyword map.

Tabuenca et al., in their work [61], conducted a systematic literature review to investi-
gate an intelligent learning environment (SLE) according to three parameters:

1. What affordances make a learning environment smart?
2. Which technologies are used in SLEs?
3. In what pedagogical contexts are SLEs used?
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According to the authors, smart learning can be analyzed as learning “in interac-
tive, intelligent, and tailored environments, supported by advanced digital technologies
and services”. Based on this definition, we can easily correlate the paper with the terms
“adaptive learning”, “personalized learning”, “interactive learning environments”, and “ed-
ucational technology”.

Finally, Christopoulos and Sprangers [62] studied the factors affecting the perspective
of teachers and students on ICT integration for mathematics teaching during the COVID-19
pandemic. Among the factors examined in their paper are:

• Different contexts (school vs. home) and circumstances (in-person vs. remote learn-
ing);

• Demographics;
• Confidence in using technology;
• Perspective on technical usefulness;
• Platform evaluation.

The correlation of Ref. [62] with the terms in the keyword map is achieved through
the words “educational technology”, and “distance learning”.

6. Discussion

The analysis of the articles reinforces the conclusions drawn from the study of the
co-occurrence of keywords, as discussed in Section 4. Both older and modern literature
focuses on adaptive learning and personalized learning methodologies with an emphasis
on using artificial intelligence. In recent years, however, particular emphasis has been
placed on developing blended and distanced learning systems. This is to be expected,
given that the COVID-19 pandemic has forced the education systems to adapt to the new
reality globally.

We now find the terms “educational data mining” and “natural language process-
ing” co-occurring in modern literature. The educational data mining process focuses on
creating techniques for examining the distinctive, massive amounts of data generated in
educational settings and using them to better understand students and the environments
in which they learn. Today, the literature offers a large amount of data on student behavior,
allowing researchers to conduct in-depth analyses and draw valuable conclusions. In addi-
tion, the significant development of artificial intelligence techniques provides researchers
with tools for accurate and efficient automated data analysis without requiring special
technical knowledge.

It is also important to note that the current literature focuses on self-regulated learning
techniques. Self-regulated learning is described as the ability of a learner to understand
and control his/her learning environment. The students are asked to define their goals and
search for self-learning and self-reinforcement methods. Intelligent tutoring systems are
called upon to support the student’s effort, monitor his/her progress, and suggest methods
to improve the process.

Observing the technologies used in adaptive learning systems, it is clear that the recent
literature focuses on adopting artificial neural networks, leaving behind other artificial
intelligence approaches. Thus, the term “intelligent tutoring systems” is being less utilized,
and the current research focuses on “personalized” and “adaptive” learning, with the
usage of machine learning algorithms. This is, of course, to be expected, given that this
technology seems to dominate the field of artificial intelligence. The fact that artificial
neural networks are nowadays easy to use plays an important role in shaping effective
and efficient adaptive learning systems. Today, many open-source solutions allow their
adoption by researchers with minimal technological background. As a result, educational
researchers have vital artificial intelligence tools at their disposal without necessarily having
to work with computer scientists.
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7. Conclusions

The rendering of a bibliometric map, although computationally rigorous, is strongly
affected by the researcher’s judgment regarding the grouping of the Bibliometric Object
(BO), the selection of the objective function, and the optimization algorithm to solve
the problem. In this study, we introduced a novel framework for bibliometric analysis,
accompanied by critical insights of the most influential papers. Particularly, this review
paper presented the main outcomes of a bibliometric analysis for Adaptive Learning
Systems based on 5564 research papers. We discussed the inter-associations of the BOs in
the corresponding keywords’ map, along with a narrative analysis of the most cited papers
in (a) the entire database and (b) in the last five years. Furthermore, by using time-series
analysis, we identified the trends of the top five keywords, the significant associations
among them, and emerging trends. By combining this computational procedure and
the conceptual analysis, we obtained a documented overview of the literature regarding
Adaptive Learning Systems. A limitation of the research work is that although a large
number of articles has been used for the generation of the papers’ collection, these papers
have been extracted from a single database only. Particularly, we used the Scopus service,
which is considered to be one of the major scientific literature databases. Other databases
could have been employed for the same, either on their own or in combination with the
one used in the study, for example Web of Science, which is a rich and reliable alternative.
The idea of enriching the study with additional data taken from other databases is a clear
future research direction. In addition, it would be interesting to analyze each one of the
specific subcategories identified in Table 2 using bibliometric algorithms in combination
with critical analysis.

The vast amount of scientific papers that have been written and are constantly being
produced confirm the interest of the academic community in developing more “smart”
and “adaptive” digital learning systems. By combining the conclusions obtained from the
bibliometric map and the time series of the appearance of the keywords, it was revealed that
the research interest shifts from intelligent tutoring systems to adaptive learning systems
through the utilization of the emerging technologies of artificial intelligence, learning
analytics, and learning styles.
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Appendix A. The Most Frequent Keywords

Table A1 presents the 100 most frequent keywords found in the studied database,
and their correction, in order of appearance grouped in the bibliometric map and time-series.
The NULL identifier groups generic keywords, which were excluded from the analysis.
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Table A1. 100 Most frequent keywords and their grouping.

Initial String Corrected String Frequency Initial String Corrected String Frequency

adaptive learning adaptive learning 1697 feedback NULL 83
intelligent tutoring

systems
intelligent tutoring

system 1518 web 2.0 NULL 83

intelligent tutoring
system

intelligent tutoring
system 865 adaptivity adaptive learning 81

personalized
learning

personalized
learning 673 distance learning NULL 81

e-learning NULL 665 knowledge tracing knowledge
management 81

machine learning machine learning 282 learner model learner model 80
learning NULL 279 genetic algorithm genetic algorithm 78

learning analytics learning analytics 241 intelligent tutoring intelligent tutoring
system 78

neural network artificial neural
networks 240 adaptive learning

systems adaptive learning 75

artificial
intelligence

artificial
intelligence 236

learning
management

system

learning
management

system
71

personalization personalized
learning 232 learning objects learning objects 71

neural networks artificial neural
networks 217 lifelong learning NULL 71

ontology ontologies 208 smart learning intelligent tutoring
system 70

personal learning
environment

personalized
learning 206 smart learning

environments
intelligent tutoring

system 70

mobile learning NULL 193 affect NULL 69
personal learning

environments
personalized

learning 171 artificial neural
networks

artificial neural
networks 69

online learning NULL 169 problem solving NULL 68
adaptive learning

rate adaptive learning 167 serious games NULL 68

deep learning artificial neural
networks 167 adaptive adaptive learning 67

education NULL 163 e-learning NULL 67
self-regulated

learning
self-regulated

learning 163 instructional
design NULL 66

reinforcement
learning

reinforcement
learning 158 ontologies ontologies 65

collaborative
learning NULL 155 recommender

systems
recommender

systems 65

learning style learning style 148 virtual reality NULL 65

data mining data mining 145 game-based
learning NULL 64

higher education NULL 145 metacognition metacognition 64
educational data

mining data mining 141 mooc NULL 64

learning styles learning style 141 Bayesian networks Bayesian networks 61

student modeling student modeling 132 adaptive
hypermedia adaptive learning 60

adaptation adaptive learning 130 item response
theory

item response
theory 59

its intelligent tutoring
system 117 knowledge

representation
knowledge

management 59

artificial neural
network

artificial neural
networks 108 clustering clustering 58
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Table A1. Cont.

Initial String Corrected String Frequency Initial String Corrected String Frequency

interactive
learning

environments

intelligent tutoring
system 106 user modeling user modeling 58

semantic web NULL 106 cloud computing NULL 57

adaptive control adaptive learning 105 knowledge
management

knowledge
management 57

motivation motivation 102 personalised
learning

personalized
learning 57

adaptive learning
system adaptive learning 100 bp neural network artificial neural

networks 55

student model student modeling 100 simulation NULL 55

affective
computing NULL 99 lms

learning
management

system
54

natural language
processing

natural language
processing 96 ubiquitous

learning NULL 54

evaluation NULL 95 collaboration NULL 53
assessment NULL 94 moocs NULL 53

blended learning NULL 93 concept drift concept drift 52

big data data mining 89 intelligent tutoring
system (its)

intelligent tutoring
system 52

ple personalized
learning 89 m-learning NULL 52

gamification NULL 86 prediction NULL 52
smart learning
environment

intelligent tutoring
system 85 augmented reality NULL 51

classification classification 84 adaptive
e-learning adaptive learning 50

fuzzy logic NULL 84 collaborative
filtering

recommender
systems 50

educational
technology NULL 83 engagement NULL 50
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Abstract: Human Resource Management (HRM) practitioners must play multiple roles to achieve
both functional and organizational objectives. In the current business environment, Electronic Human
Resource Management (E-HRM) is a pervasive application of Information Technology (IT), and its
global adoption is now widespread. This study’s primary objective is to determine the effect of E-
HRM implementation in Sri Lanka on the evolving HRM function. The study employed a qualitative
methodology. On the basis of prior research, a study framework was formulated. After collecting
the findings, the researcher analyzed the data using the study framework. To answer the research
question and attain the research objectives, the researcher compared the theory to the findings during
the analysis. The researcher determined that HRM was unfamiliar with E-HRM applications but was
utilizing E-HR tools in their daily operations. According to the study, HRM places a greater emphasis
on administrative tasks. The greatest benefit of implementing E-HRM practice is that it liberates
HRM from intermediary roles, allowing them to focus on strategic planning in HR organizations and
transforming HR practitioners from administrative paper handlers to strategic planners.

Keywords: electronic HRM (E-HRM); HR practitioners; administrative expert; strategic partner

1. Background of the Study

Individuals are what make an organization function. As a result, it is necessary
to recruit, hire, and retain potential employees (Laumer et al. 2010). Human Resource
Management (HRM) departments manage all personnel-related issues affecting an organi-
zation’s workforce, including employee performance, training, recruitment, staffing, and
payments (Stolt 2010). Stolt (2010) defines HRM as a method for strategically managing
the organization’s most valuable asset, the individual who contributes to the business’s
success individually or collectively. HRM has historically been critical to an organization’s
performance improvement. According to Opatha (1995), HRM is the efficient and effective
use of HRs to accomplish an organization’s goals. There is a strong correlation between
organizational effectiveness and HRM.

The evolution of technology over the past few decades has resulted in creative commer-
cial developments. In addition, technology has altered how HR practitioners communicate,
work, and manage employees. It has two direct effects on businesses: (1) an increase in
efficiency, effectiveness, and productivity, and (2) a shift in the way people create, organize,
manage, and operate a business (Zhang and Wang 2006). These significant technologi-
cal developments and modernizations, together with the expansion of the internet and
other specialized equipment, have compelled organizations to maximize their potential
for performing and enhancing the performance and efficiency of their HRM departments.
Consequently, Human Resource (HR) practitioners must adapt to the growing competition,
changing employee attitudes, and rapid advancements in HR technology.
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Economies 2022, 10, 181

Since the invention of the internet, a new era of HRM known as Electronic Human
Resource Management (E-HRM) has begun, radically reengineering HR practices and
strategies in order to compete in an intensely competitive market. Strohmeier (2007)
defines E-HRM as the “use of information technology to connect and support at least two
individual or collective actors in performing HRM activities collaboratively”. With the aid
of E-HRM, it is anticipated that HR practitioners would be able to work more strategically
and efficiently. Under this scenario, technology enables HR departments to address the
organization’s HR requirements through web-based channels. It allows the employees and
HR practitioners to monitor, view, and make the required adjustments for more efficient
and effective HR management. In addition, the implementation of E-HRM reduces the
demand for HR specialists due to the fact that E-HRM eliminates the “HR middleman”
(Lengnick-Hall and Moritz 2003). Now, firms can accomplish their duties with fewer staff.

HR practitioners interact with employees and participate in human resource activities
to increase the effectiveness of their organization’s provision of technical guidance and other
human capital services. Traditionally, HR practitioners have been required to physically
accomplish an abundance of administrative and paperwork tasks. In brief, this is ineffective
and inaccurate comparatively. According to Beadles et al. (2005), E-HRM enables top
management and HR practitioners to act as strategic partners as opposed to administrative
specialists. Consequently, the role of HR practitioners has evolved alongside technological
developments.

According to Ha (2011), the use of information systems in HRM is not novel; however,
the rapid evolution of such technology inspired HRM. Consequently, the use of technology
in HRM has increased in popularity. Kemske (2008) confirms that the pressures and
priorities placed on HR departments are responsible for the abandonment of traditional
practices and the emergence of organizational innovation.

The contemporary HR professional is anticipated to be more strategic and adaptable
and economically and customer-focused (Snell and Lepak 2002). E-HRM initially focuses
on the recruitment, selection, compensation, and evaluation processes even though it
currently aims to implement all operational HRM activities. E-HRM initially focuses on the
recruitment, selection, compensation, and evaluation processes even though it currently
aims to implement all operational HRM activities. However, some scholars claim that
even though the new E-HRM brings a significant challenge for the HR profession, in
some instances, E-HRM capabilities have some similarities with traditional HRM duties,
such as organizing organizations and jobs for people, obtaining HRs, enhancing employee
motivation, and maintaining HRs (Fisher et al. 1996).

According to Ruel et al. (2007), a high level of commitment to moving HRM tasks,
particularly administrative ones, to the electronic version has a significant chance of shift-
ing the focus to one that is more strategically oriented. HR consultants have reported
that both the number of companies implementing E-HRM and the scope of applications
within organizations are consistently rising. Businesses are just starting to use informa-
tion technology (IT) to deliver superior HRM services (De Alwis 2010). The adoption of
E-HR changed HR’s focus from operational HR to being a more strategic partner to the
organization by becoming more involved in strategic decision-making, where before, HR
practitioners served as administrative experts and employee champions (Bell et al. 2006).
The importance of technological advancements in shifting the HR department’s role from
administrative to strategic has been emphasized in numerous studies worldwide.

According to De Alwis (2010), 70% of companies have moderate knowledge and usage
of E-HR at different levels. However, some of them are still in the beginning stages by only
using a small number of their functions, such as managing leave. This study attempts to
provide critical points that, hopefully, will help to clarify the role of E-HRM in HRM in the
Sri Lankan context. Again Marler and Fisher (2013) conducted a study titled “Influence of
E-HRM on Renovating HRM’s Role” and disclosed that they were unable to find empirical
evidence that E-HRM predicts strategic outcomes in Sri Lanka. In 2017, Mdhushani and De
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Alwis (2017) reaffirmed their earlier findings. HR pioneers and local findings are in conflict
with one another.

Chandradasa and Priyashantha (2021) found that employees are not overly concerned
with the compliance level and satisfaction received by utilizing E-HRM when deciding
whether to use E-HRM for their work. Obeidat (2016) conducted a study titled “The link
between E-HRM use and HRM effectiveness: an empirical study” and discovered that the
use of E-HRM has a positive impact on HRM effectiveness at both the policy and practice
levels. Furthermore, it confirms the role of user intention in mediating the relationship
between E-HRM determinants (both performance expectancy and social influence) and E-
HRM use. Thathsara and Sutha (2021) discovered that E-HRM practices have a substantial
and favorable effect on organizational performance and that organizational agility mediates
the link between E-HRM practices and operational performance. Mdhushani and De Alwis
(2017) concluded that managers have some understanding of HR technology, but many
are unfamiliar with the phrase E-HRM. It is projected that they would automate more HR
processes and implement modern HR technologies in an effort to obtain more significant
benefits. According to the conclusions of Kumara and Galhena’s research, the major
factor influencing HRIS program utilization is top management support (Kumara and
Galhena 2021). In addition, it was determined that perceived utility, IT skill, and subjective
standards are key HRIS utilization factors. Another study on the efficacy of E-HRM systems
in Sri Lanka was undertaken by Weerasuriya (2006), and the results revealed that the type
of these systems and their utilization levels or frequency varied from one company to
another. Additionally, it demonstrated that there was a difference between actual and ideal
deployment levels, suggesting that existing systems or modules could still benefit from
additional enhancements. The researcher identified the work systems that are significantly
impacted by the deployment of E-HRM. De Alwis et al. (2019) discovered that internal
environmental factors were once again substantially correlated with the amount of HRIS
application adoption in 2019. This, in turn, has an effect on the level of application adoption
for HRIS. There are different varieties of E-HRM-related research studies. However, no
study has examined how E-HRM influences the evolution of HR professionals’ roles,
especially in a Sri Lankan Context.

2. Problem Statement

This study is aimed at how E-HRM influences HR practitioners’ roles. Because of
technological changes, HR practitioners had to learn to deal with changing attitudes in the
workforce and become more flexible and cost-effective. Thus, when E-HRM is implemented
and developed, it is critical to monitor both positive and negative effects, such as changes in
the roles and capabilities of HR practitioners. As such, the research will concentrate on the
following issues: What are the HR functions that E-HRM has primarily served, and how
many HR practitioners have transformed as E-HRM has been implemented in Sri Lanka?

3. Significance of the Study

In a growing number of organizations, electronic HRM is replacing face-to-face HR
duties, albeit at varying levels. Additionally, E-HRM enables the HR function to be dynamic
and efficient. In this context, a comprehensive examination of the evolution of technology
in human resources and its implications is required.

Initially, it is essential to determine the significance of the study for organizational
effectiveness. E-HRM enhances the internal profile of the HR department, thereby improv-
ing the work environment. E-HRM improves system visibility. It increases the efficacy
and cost-effectiveness of human resources and positions HR as a strategic partner in
achieving organizational objectives. It is obvious that information technology is currently
transforming the HR department, especially in terms of how HR services are provided.
Even medium-sized businesses now have internet access, which is used to provide HR
services. E-HRM appears to be integrated into every aspect of HRM, including planning,
administration, and communication.
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Studies on the use of E-HRM typically concentrate on American and European exam-
ples. Despite the complexity and cultural shifts, they exhibit some consistency. The majority
of developed countries, however, are spread out across distinct cultural regions. Jordan’s
E-HRM is still in its early stages, so the country’s IT environment is evolving (Obeidat
2016). This study will assist in understanding HR professionals’ current role in developing
nations regarding transfer-HRM. It will contribute to the expansion of knowledge in the
literature.

The primary benefit of implementing E-HRM is that it liberates HR practitioners from
intermediary roles, allowing them to focus on strategic planning within their HR organiza-
tion and the changes brought about by HR practitioners’ transition from administrative
paper handlers to strategic planners. This study can help HR professionals by improv-
ing their understanding of E-HRM practices. Furthermore, they can be more confident
in implementing E-HRM practices. By increasing knowledge about minimizing the risk
associated with E-HRM and demonstrating the benefits of E-HRM, the study benefited
a variety of parties, including the organization’s top management, HR practitioners, and
software vendors.

Finally, it aided in understanding the history of E-HRM and its relationship to the role
of HR practitioners.

4. Literature Review

There is little doubt that “people” are a critical asset that determines an organization’s
success or failure, and thus the importance of those people’s knowledge, skills, attitudes,
and behaviors are very important for the organization’s advancement (De Alwis 2010).
According to Gebauer (2003), the company’s staff, which is equipped with all of the
necessary skills and knowledge, has become a critical factor in its success. According
to Buckley et al. (2004) and Mdhushani and De Alwis (2017), effective management of
human talent and intellectual capital will be a critical factor in determining shareholder
value. According to Attwood (1989), personal management is the aspect of management
concerned with the management of people at work. Human Resource Management (HRM)
is the process of attracting, selecting, retaining, developing, and utilizing human capital
to achieve personal and organizational goals (Cascio and Awad 1981). Human Resource
Management (HRM) is defined by Fisher et al. (2006) as “all management decisions and
practices that have a direct impact on or influence the people, or HRs, who work for the
organization”.

In any organization, HR professionals play a critical role. The more roles it fulfills,
the more likely that it will be effective in increasing the organization’s productivity, en-
hancing the organization’s quality of life at work, and adhering to all applicable laws and
regulations governing HR utilization (Kramar et al. 1998). According to Opatha (2009),
traditionally, HR practitioners were responsible for developing staffing plans, providing
specific job training, managing annual performance appraisal programs, and handling
day-to-day administrative tasks. According to Fisher et al., many firms retain a traditional
personal department, which is frequently physically and psychologically isolated from the
organization’s “real work”, and personal activities and staff are relatively isolated from the
organization’s “profit-making heart”.

Numerous academics and practitioners have identified two primary roles for HR
professionals: the administrative and traditional role and the strategic role (Beer 1997; Truss
2008). According to Fisher et al. (2006), HR professionals must be involved in identifying
better ways to share services and reengineer administrative and other processes within the
firm and across the organization.

E-HRM is a method of implementing HR techniques, policies, and practices in organi-
zations by utilizing and/or maximizing the use of web-based technology-based channels
(Ruel et al. 2007). E-HRM technology creates a portal that enables practitioners, employees,
and HR practitioners to view, extract, and modify data required for managing the organi-
zation’s HRs. Strohmeier (2007) defines E-HRM as the use of information technology to
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facilitate networking and to assist at least two individual or collective actors in perform-
ing HRM activities collaboratively. According to surveys, the number of organizations
adopting E-HRM is increasing, as is the breadth of applications within those organizations.

“E-HRM has the potential to improve both the efficiency and effectiveness of the HRs
function”. Reducing office work cycle times, increasing data accuracy, and reducing the HR
workforce can increase efficiency. Improving practitioners’ and workers’ ability to make
better, more appropriate decisions can increase efficiency.

Furthermore, E-HRM enables HR to explore innovative ways to contribute to organi-
zational effectiveness through knowledge management and the development of intellectual
and social capital (Lengnick-Hall and Moritz 2003).

Based on the previous definitions, we can say that E-HRM is the use of information
technology in HR practices to make it easier for employees and employers to communicate
with one another and for organizations to improve their HR skills.

Since the inception of research on the relationship between web-based technologies
and HRM, a variety of definitions have been proposed to explain the phenomenon dubbed
E-HRM, which was previously referred to as an HR information system, virtual HRM,
or web-based HRM (Fisher et al. 2006). The term was coined in response to the rise of
e-commerce in the business world, and E-HR is highly specific to internet usage. Thus,
Kettley and Reilly (2003) suggest that the more accurate term is “online HRM”. Some users
are initially perplexed by the terms HRIS and E-HRM. However, HRIS refers to systems
used within the HRs department to enhance HR processes, whereas E-HR is intended to
benefit non-HRs personnel such as employees and practitioners (Ruel et al. 2007). E-HR
and E-HRM appear to be synonymous terms in some contexts. Academics frequently
use the term “E-HRM”, whereas practitioners, IT professionals, and software suppliers
frequently use the terms “self-service” and “E-HR” (Panayotopoulou et al. 2007).

There is little consensus on how to define E-HRM, and the concept varies depending
on the researcher’s viewpoint (Strohmeier 2007; Bondarouk and Looise 2009). According to
Kettley and Reilly (Panayotopoulou et al. 2007), E-HRM is “the use of traditional, web, and
voice technologies to improve HR administration, transactions, and process performance”.
E-HRM is “the administrative support of the HR function in organizations through the
use of Internet technology”, according to Voermans and Van Veldhoven (2007). They
also mention how the implementation of E-HRM might change how the HR function is
carried out.

E-HRM is described as “the application of any technology that enables practitioners
and employees to have direct access to HRs and other workplace services for communica-
tion, performance reporting, team management, knowledge management, and learning”
(Opatha 1995) in addition to administrative applications. “Planning, implementing, and
applying information technology for the purpose of networking and assisting at least two
individual or collective actors in performing HR activities collaboratively”, according to
Strohmeier (2007), is what is meant by the term “E-HRM”. A “completely integrated,
enterprise-wide electronic network of HR-related data, information, services, databases,
tools, applications, and transactions”, according to Foster (2009), is what the phrase refers to.

E-HRM should be approached more strategically, per some definitions. E-HRM is “an
umbrella term that encompasses all possible mechanisms and content for integrating HRM
and information technology with the objective of creating value for targeted employees
and management within and across organizations”, according to Bondarouk and Looise
(2009). This definition will be used in this study because it covers both the broad strategic
outcomes that are the focus of this investigation as well as the administrative elements of
E-HRM.

E-HRM is both a theory and a practice in HRM (Ruel et al. 2007). E-HRM can be
viewed as a synthesis of HRM and information technology, above and beyond any of
these definitions. Employing technological tools or web-based technologies can help
organizations improve the efficacy and efficiency of their HR practices and policies.
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In recent years, an increasing number of HR practitioners have placed a premium on
technological advancements in HR functions, most notably in the reorganization of HR
roles and responsibilities. Evidence of this shift has been discovered in studies (De Alwis
2010), which confirmed that HR practitioners’ roles will significantly change as strategic
partners in business. As per De Alwis (2010), HR professionals serve as strategic partners
(50%), employee champions (30%), and administrative experts (20%).

By reducing administrative burdens, HR technology enables a shift in the emphasis of
HR work from transactional to strategic. This is the main impact of HR technology on HR
roles. Technology is seen by HR professionals as a way to advance their careers and take on
a more strategic role within their organizations. As E-HRM eliminates the HR middleman,
the switch from traditional HRM to E-HRM may also point to a reduced need for HR
practitioners (Lengnick-Hall and Moritz 2003). It is also evident that before the adoption
of E-HRM, HR professionals served as administrative experts and employee champions,
and that after the adoption of E-HRM, HR’s focus shifted away from operational HR and
toward being a strategic partner to the organization by participating more in strategic
decision making (De Alwis 2010). Retained HR professionals can assume more strategic
responsibilities as a result of this transformation, which can be seen as an opportunity.

This shows the general scenario. The small number of earlier researchers who con-
ducted their research in the Sri Lankan context, however, discovered conflicting findings.
They assert that regardless of how E-HRM is applied, there is no proof that the role shifts
from an administrative expert to one with a strategy-focused mindset.

For instance, the author cited a finding from a survey of web self-service deployment
(Marler 2009) that companies have tended to use the web as a tactical tool to deliver HR
services rather than as a means of rethinking fundamental operations and strategy and
achieving more intangible benefits that come with the large and sustained investment. His
argument about the possibility of E-HRM transforming HR into a strategic function is, in
reality, a hard sell to the majority of practitioners who remain unaware of the potential
and outcomes of E-HRM. Parry and Tyson (2011) recently reported on additional E-HRM
outcomes, examining whether organizations actually accomplished the transformational
goal of E-HRM. They argued that while there was no subjective evidence of a shift in HR’s
strategic role, the introduction of E-HRM did facilitate a shift in HR focus in terms of time
spent on administrative versus strategic tasks in businesses.

To summarize, academics and practitioners disagree on whether HR practitioners
have evolved into strategic partners as a result of E-HRM. While some researchers believed
in the ability of E-HRM to elevate the HR role, others argued that E-HRM had not been
recognized as a strategic decision maker in the HR department.

5. Methodology

This was a cross-sectional field study in which the researchers exerted little control
over the sample. The inductive approach was used in this study because the researcher was
concentrating on a single subject and attempting to reach a conclusion through analysis.
Interviews were conducted to ascertain the public’s perception of E-HRM practices because
this is an exploratory study in which data was gathered using qualitative methods such as
semi-structured interviews.

The primary study included organizations that had already implemented E-HRM
functions. However, it did not specify whether they had completed the shift or were still in
the process. Therefore, this study’s population included all HR practitioners working in
E-HRM-enabled organizations in Sri Lanka. The request is then forwarded along with our
requirements. Additionally, we have made a strong request to designate one practitioner
who is directly responsible for E-HRM operations. As a result, the study enrolled eight
randomly chosen HR practitioners from companies who confirmed their involvement with
E-HRM and were willing to participate in the subsequent discussion.

262



Economies 2022, 10, 181

Due to ethical considerations, we will not recognize the organizations by name (they
would be referred to as “company”, “1”, “2”, etc.), and Table 1 exhibits their current position
and number of years of experience.

Table 1. Profiles of the Interviewees.

No Position Gender Company
Time Working

at the Company

01 Assistant Manager—HRIS Male Company 1 2.5 years

02 Assistant Manager—HR Female Company 2 6.5 years

03 Assistant Manager—HR Male Company 3 2 years

04 Assistant Manager—HR Female Company 4 4.5 years

05 Manager HR and Administration Male Company 5 10 years

06 Senior Manager—HR Male Company 6 11 years

07 Manager HR and Administration Male Company 7 5 years

08 Manager—HR Male Company 8 4 years
Source: Research Data, 2022.

Multiple techniques are used to collect the data, a process called triangulation. Tri-
angulation verifies that the data produced is accurate. Interviews and documentation
reviews were conducted in this case. Documentation reviews are used to gain a thorough
understanding of the current state of E-HRM adoption. The interview questions are based
on Ha’s survey (Ha 2011). All interviews took place over the phone, and the audio was
captured using software. During the interviews, notes on significant responses were taken
and incorporated into the transcripts.

The most efficient method for gathering data for this study is an interview because it
is qualitative and inductive. We contacted HR practitioners who are experts in E-HRM in
order to speed up the process of achieving goals and conducting research. This method of
data collection had the advantage of allowing respondents to give thorough information
about the subject. Each interview took place over a brief period of time. The questions can
be rearranged in whatever order to suit the topic of the conversation. Clarifications and
explanations were given to interviewees to help prevent misunderstandings.

The interviews were recorded and transcribed for further analysis. Although the data
were analyzed using a process categorization technique. This procedure builds on the
framework of the study, which is based on the literature. To begin, the data were organized
according to the framework of the study. To gain a basic understanding of the data, the
data analysis process began with a quantitative analysis of listings and categorizations.

It is critical for all researchers to be aware of ethical research practices. The term
“ethics” refers to two distinct groups of people: those conducting research and those with
fundamental rights that should be protected. As a result, this study had to be conducted
fairly and impartially, avoiding all potential risks. Respondents must be informed of their
legal rights. Respect for the individual is a fundamental human right. They have the
option of participating or not participating in the research. Respondents were given the
opportunity to act independently by providing pertinent information in order to participate
in the study. Prior to that, the purpose of the study was thoroughly explained to them in the
language they preferred. Confidentiality is a fundamental ethical principle, and anonymity
is one way to maintain confidentiality. Anonymity was achieved in this study by omitting
names from the study. The interviews took place in a private office and over the phone
with their permission, and no third party was present during the conversation. Preventing
harm is another fundamental human right to consider. To accomplish this, the researcher
kept the interview time with the participants to a minimum. Keeping the interview private,
confidential, and anonymous also prevented psychological harm. Participants in this study
were treated fairly by providing them with information prior to their participation. Further,
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because the sample was chosen based on the guidelines for the study, everyone who met
the criteria had a fair chance of being picked to take part in the study.

6. The Impact of E-HRM on the Roles of HR

The primary impact of HR technology on HR roles is that it allows HR work to shift
from transactional to strategic by reducing administrative burdens. Human resource practi-
tioners see technology as a source of revenue that allows them to play a more strategic role
within their organizations. The interview questions were designed to elicit HR practitioners’
perspectives on the benefits and drawbacks of E-HRM for the HR Manager role.

“This technology enables us to manage our leaves efficiently, and employees
can access their over-times via employee portals. We can save time, increase our
effectiveness and efficiency, and reduce labour costs automatically. However, in
the past, we were required to perform all tasks manually. It takes a long time,
and occasionally the data is incorrect. Additionally, it lowers labour costs. For
instance, we operate five businesses and utilize five payroll systems. As a result,
we must employ five employees to monitor the system.” (Assistant Manager,
Human Resources-Company 1)

“ . . . I am no longer bound by monitor leaves. As a result, we save time. Prior
to the system’s implementation, we had to monitor leaves on a weekly basis . . .
now it’s simple to manage our administrative work.” (Assistant Manager, Human
Resources, Company 8)

“It is extremely simple and quick for us. Additionally, it saves us time.” (Director
of Human Resources and Administration-Company 7)

According to the surveys of HR consultants, both the number of companies adopting
E-HRM and the intensity of applications within those organizations continue to grow. IT is
in the middle of assisting businesses in providing superior HR services. It is self-evident
that information technology is transforming the HRs department at present, particularly
in terms of the way HR services are delivered. Even medium-sized businesses now have
access to the internet, which is used to provide HR services. E-HRM seems to be involved
in every part of daily HRM, from planning and administration to communication.

All respondents agreed that their roles had been reshaped as a result of implementing
the systems. E-HRM enables employees and HR practitioners to monitor, view, and
make necessary adjustments to HRM. Additionally, with the use of E-HRM, fewer HRs
professionals are required, as E-HRM eliminates the “HRs middleman” (Lengnick-Hall
and Moritz 2003).

Ha (2011) asserts that today’s Assistant Manager—HR must be more strategic, adapt-
able, cost-effective, and customer-oriented.

7. The Level of Influence That HR Technology Causes on the Role of HR

Much of the research emphasized the critical role of HR technology advancements
in recasting the HR department’s role from administrative to strategic. As a result of the
adoption of E-HR, HR practitioners have taken on the roles of administrative expert and
employee champion, and the adoption of E-HR has shifted HR’s focus toward being a
strategic partner of the organization by becoming involved in strategic decision-making (De
Alwis 2010). The individual who fills this role should be capable of providing high-quality
services at the lowest possible cost. Human resource practitioners view technology as a
revenue stream that enables them to take on a more strategic role within their organizations.
The shift from traditional HRM to E-HRM may also indicate that fewer HR practitioners
are required, as E-HRM eliminates the HR middleman (Lengnick-Hall and Moritz 2003).

Ulrich’s (1997) model outlines the various roles that HR departments play, including
change agent, strategic partner, employee champion, and administrative expert. An ad-
ministrative expert refers to the traditional HR role of designing and implementing HR
processes such as recruiting, rewarding, training, hiring, and compensating. The majority
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of respondents agreed that implementing E-HRM would simplify administrative processes
and improve HR service delivery. Since the HR professional will no longer have to worry
about administrative tasks, he or she will be able to focus on the big picture.

As a result, I can devote my free time to strategic work. I am capable of supervis-
ing employees and making decisions regarding development, leadership development,
and training. (Assistant manager-HRs-companies 8) As a result, I can devote my free
time to strategic work. I am capable of supervising employees and making decisions
regarding development, leadership development, and training. (Assistant Manager—HR
HRs-companies 3) It’s extremely simple for us, and it significantly reduces our manual
workload and saves us time. That time can be used for analysis. (Assistant Manager—HR-
Human Resources-Company 2) It alleviates some of our administrative burdens. (Assistant
Manager—HR-Company 8).

The responses imply that HR practitioners are increasingly shifting their focus away
from administrative expertise and toward strategic analysis. The strategic role is responsible
for aligning HR strategies and practices with business strategies. This role identifies
the organization’s top talent, assists in filling job vacancies, communicates HR goals to
employees to ensure they are implemented across the organization, and contributes to
overall workplace productivity and harmony. Further, it puts strategies into action as
quickly as possible by using the business’s intended strategic direction and showing how
HR’s unique set of skills and competencies can help put strategies into action (Kirkbride
2003). Human resource practitioners emphasized the importance of utilizing the time saved
for employee training programs and administrative tasks.

“As a result, I can devote my free time to strategic work. I am capable of super-
vising employees and making development, leadership, and training decisions”.
(Assistant Manager, Human Resources, Company 5)

This finding indicates that HR’s role as a strategic partner is evolving, though it sup-
ports HR’s emphasis on the role of employee champion. Due to the reduction in workload,
one respondent implies that he can gain new knowledge because of technological advance-
ments. Paying special attention to the agent of change in the role of HR practitioners,
E-HRM also lets the HR department investigate new ways of improving the effectiveness of
the organization, such as knowledge management and building up intellectual and social
capital (Lengnick-Hall and Moritz 2003).

“We can acquire new knowledge about emerging technologies and generate new
ideas about technological advancements”. (Company 6 senior Manager—HR)

All respondents agreed that the implementation of the systems had reshaped their
roles. Employees and HR practitioners can use E-HRM to monitor, view, and make changes
to HRM.

A change agent is tasked with the responsibility of facilitating changes in other depart-
ments in order to maintain a company’s competitive edge. This position communicates
organizational changes to the rest of the organization. Ulrich (1997) advocated the use of
change agents to assist with adjustment. They comprehend critical approaches to change,
cultivate a commitment to those strategies, and ensure that proposed changes occur. These
individuals coordinate training opportunities for employees to acquire new skills.

The organizational application of E-HRM practitioners must influence employee
attitudes. As a result, they must organize awareness and training programs to ensure that
the system is understood clearly. The Asst. manager—HRIS (Company 1) confirmed this
notion by stating,

“As a result of E-HRM adoption, we must train employees. As HR practitioners,
we are confronted with a massive problem when it comes to training them.
Therefore, we conduct awareness campaigns and educate employees about the
system’s benefits, gradually changing their mindset.”

Change agents are concerned with the collective, whereas employee champions are
concerned with individuals. A change agent essentially assists an organization in adapting
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to its next stage. Furthermore, prior to the implementation of the E-HRM, HR practitioners
served as administrative experts and employee champions, and the implementation of the
E-HRM shifted HR’s focus from operational HR to be a strategic partner to the organization
by involving HR in strategic decision-making (De Alwis 2010). This transformation can be
viewed as an opportunity because retained HR practitioners will be able to take on more
strategic roles. According to Ulrich (1997), the most desirable position for an HR manager
is that of a “business partner”, a term that is sometimes used instead.

However, the senior manager of HRs (Company 4) asserts that the implementation
of technology has had no effect on the HR function. It has no effect on their changing
responsibilities.

“It does not allow us to improve the quality of our human resources department
while not reducing our responsibilities. This allows me to obtain accurate data
from the system as an HR manager. It speeds up my analysis and simplifies the
report-creation process. As a result of technology implementation, our responsi-
bilities have shifted. Because of the fluid nature of the HR manager’s role”.

Human resource practitioners appear to be taking a more proactive role and adding
value to the organization by developing employee capabilities.

Technological advancements have changed how various HR functions are carried
out. As a result, the typical HR job will be reshaped, shifting from administrative to
strategy development. The most well-known business benefit of E-HR is that it allows HR
professionals to refocus on their role as strategic business partners.

According to Edward and Mohrman (2003), when an organization has a fully inte-
grated HRM system, HR is more likely to be a full partner in the strategic process. Having
such a system, however, does not guarantee that HR will be a strategic partner, as some of
the companies comparatively close to finalizing the integration confirm that now they have
an opportunity to participate in decision-making.

Most respondents agreed that web-based tools for payroll, employee databases, and
leave management were fully utilized. The majority of businesses in Sri Lanka are still in
the process of upgrading their systems. The systems will be upgraded.

“Indeed, we attempted to use an oracle system, but it failed due to its inability
to capture our environment. We’re currently attempting to install the h-senid
system . . . ”. (Assistant manager, Company 8)

“Now, we are utilizing HRIS Micro Image. However, we intend to migrate
it to a group-based system. Additionally, we utilize Micro Image’s previous
version as well as their new version, dubbed “Cloud Version System”. (Assistant
Manager—HR, Company 2)

More companies in Sri Lanka are incorporating electronic tools into their HRM pro-
cesses. Additionally, businesses considering implementing these new forms of HRM should
determine whether the results are superior to those obtained through previous HR pro-
cesses. It is clear that the changes in technology in HRs and their impact should continue to
grow. The main benefit of E-HRM is that it frees HR practitioners from intermediary roles
and lets them focus solely on strategic planning in HR organizations. This changes HR
practitioners from administrative paper handlers to strategic planners. The summarized
findings are illustrated in Table 2.

Table 2. Summary of findings.

Dimensions Main Findings

The impact of E-HRM on the roles of HR
• Low applications of technology
• A transition from administrative expert to

change agent and strategic partner

Source: Discussion Findings, 2022.
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8. Conclusions

The majority of HR professionals’ time is currently spent as administrative experts;
however, the primary benefit of implementing E-HRM practices is that it frees HR pro-
fessionals from intermediary roles, as a result of which the typical HR professional’s
responsibilities will shift from administrative to strategy development. It reaffirmed the
findings of (Marler and Fisher 2013). In addition, businesses contemplating implementing
these new forms of HRM should evaluate whether the outcomes outweigh those of pre-
vious HR procedures. The findings suggest that modifications to HR’s role as a strategic
partner may facilitate the shift in HR’s focus to the role of employee champion. Online
resources are rarely used for human resource activities such as learning and training. E-HR
tools are mainly utilized in the recruitment and performance review processes.

Following are a few recommendations that the researcher would like to make in
light of the analysis portion of the research’s findings. E-HRM has an impact on how HR
practitioners perform their jobs, so businesses should make more investments in it and
aim to buy the most recent models. Organizations should concentrate increasingly on
strategic HRM issues and on achieving strategic HR objectives by utilizing new technology
and mastering administrative effectiveness. It is advised that senior management in the
organizations make sure adequate funding is set aside for training activities to increase
understanding of the term “E-HRM” and the significance of the E-HR tools.

This study sets the stage for future research in this area, which should focus on a
variety of issues. First and foremost, more in-depth research with a larger sample size
should be conducted to investigate the role of E-HRM in organizations. They also advise
future researchers to supplement the study with quantitative methods.
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De Alwis, Adambarage Chamaru, Berislav Andrlić, and Marko Sostar. 2019. Internal Environment factors and the level of adoption of
HRIS. Paper present at 30th DAAAM International Symposium on Intelligent Manufacturing and Automation, Zadar, Croatia,
October 23–26.

Fisher, Cynthia D., Lyle F. Schoenfeldt, and J. B. Shaw. 2006. Managing Human Resources. Ner Delhi: Cengage Learning India (pvt) Ltd.
Fisher, Cynthia D., Schoenfeldt Lyle F., and J. B. Shaw. 1996. An Introduction to Human Resource Management. Boston: Houghton Mifflin

Company.
Foster, Steve. 2009. Making Sense of e-HRM: Transformation, Technology and Power Relations. In Handbook of Research on E-

Transformation and Human Resources Management Technologies: Organizational Outcomes and Challenges. Edited by Tanya Bondarouk,
Huub Ruel, Karine Guiderdoni-Jourdain and Ewan Oiry. Information Science Reference. New York: Hershey, pp. 1–19.

Gebauer, Margaret. 2003. Information systems on human capital in service sector organizations. New Library World 104: 33–41.
[CrossRef]

Ha, Ngo Thi Vo. 2011. The Impact of E-HRM on the Roles and Competencies of HR. Master’s thesis, University of Vaasa, Vaasa,
Finland.

Kemske, F. 2008. HR’s role will change. The question is how? Workforce 77: 46–60.
Kettley, Polly, and P. Reilly. 2003. An Introduction to e-HR. Brighton: Institute of Employment Studies.
Kirkbride, Paul. 2003. Management development: In search of a new role? Journal of Management Development 22: 171–80. [CrossRef]
Kramar, Robin, Phil Mcgraw, and Schuler Randall. 1998. HRM in Australia. Asia Pasific Journal of Human Resources 36: 109–11.
Kumara, W. H. S., and Bandula L. Galhena. 2021. Determinants of Human Resource Informatıon System Usage: Evıdence From Ceylon

Electrıcıty Board (CEB), Srı Lanka. Kelaniya Journal of Human Resource Management 16: 85. [CrossRef]
Laumer, Sven, Andreas Eckhardt, and Tim Weitzel. 2010. Electronic HRM in an ebusiness environment. Journal of Electronic Commerce

Research 11: 240–50.
Edward, E. Lawlers, and Susan Alber Mohrman. 2003. Creating a Strategic HR Organization: An Assessment of Trends and New Directions.

Stanford: Stanford.
Lengnick-Hall, Mark L., and Steve Moritz. 2003. The Impact of e-HR on the HRM Function. Journal of Labour Research 24: 365–79.

[CrossRef]
Marler, Janet H. 2009. Making HRs strategic by going to the Net: Reality or myth? The International Journal of HRM 20: 515–27.
Marler, Janet H., and Sandra L. Fisher. 2013. An Evidence-Based Review of e-HRM and Strategic Human Resource Management.

Human Resource Management Review 23: 8–36. [CrossRef]
Mdhushani, M. Kalani, and Adambarage Chamaru De Alwis. 2017. The Relationship between Internal Environmental Factors and

the Level of Adoption of Human Resource Information System (HRIS) Applications in Manufacturing Sector Organizations in
Colombo District, Sri Lanka. Paper present at 3rd HRM Student Research Symposium, Sarasavi Mawatha, Sri Lanka, July 25; pp.
34–35.

Obeidat, Shatha M. 2016. The link between e-HRM use and HRM effectiveness: An empirical study. Personnel Review 45: 1281–301.
[CrossRef]

Opatha, Henarath H. D. N. P. 1995. HRM Personnel. Colombo: European Institute of Professional Education.
Opatha, Henarath H. D. N. P. 2009. HRM: Personnel. Colombo: Department of HRM, University of Jayewardenepura.
Panayotopoulou, Leda, Galanaki Eleanna, and Papalexandris Nancy. 2007. E-HR adoption and the role of HRM: Evidence from Greece.

Personnel Review 36: 277–94. [CrossRef]
Parry, Emma, and Shaun Tyson. 2011. Desired goals and actual outcomes of E-HRM. HRM Journal 21: 335–54. [CrossRef]
Ruel, Huub J., Tanya Bondarouk, and Mandy Van der Velde. 2007. The contribution of e-HRM to HRM effectiveness: Results from a

quantitative study in a Dutch Ministry. Employee Relation 29: 280–91. [CrossRef]
Snell, Scott A., and David P. Lepak. 2002. Virtual HR departments: Getting out of the middle. In HRM in Virtual Organizations. Edited

by Richard L. Henneman and David B. Greenberger. Greenwich: Information Age Publishing, pp. 81–101.
Stolt, Roland. 2010. Differences and Similarities between Domestic and International HRM. Norderstedt: Grin Verlag.
Strohmeier, Stefan. 2007. Research in e-HRM: Review and implications. HRM Review 17: 19–37. [CrossRef]
Thathsara, A. D. S., and Jayaranjani Sutha. 2021. Investigating the influence of e-hrm practices on organizational performance: The

mediating role of organizational agility (with special reference to financial institution). International Journal of Engineering and
Management Research (IJEMR) 11: 108. [CrossRef]

Truss, Catherine. 2008. Continuity and change: The role of the HR function in the modern public sector. Public Administration 86:
1071–88. [CrossRef]

Ulrich, Dave. 1997. Human Resource Champions: The Next Agenda for Adding Value and Delivering Results. Boston: Harvard Business
School Press.

Voermans, M., and Marc Van Veldhoven. 2007. Attitude towards E-HRM: An Empirical Study at Philips | Emerald Insight. Attitude
towards E-HRM: An Empirical Study at Philips | Emerald Insight. Available online: https://www.emerald.com/insight/
content/doi/10.1108/00483480710822418/full/html (accessed on 21 March 2020).

268



Economies 2022, 10, 181

Weerasuriya, J. 2006. Effectiveness of E-HRM Systems in Sri Lanka. Master’s thesis, University of Moratuwa, Moratuwa, Sri Lanka.
Available online: http://dl.lib.mrt.ac.lk/handle/123/407 (accessed on 18 July 2022).

Zhang, Li, and Hong Wang. 2006. Intelligent information processing in HRM: An implementation case in China. Export Systems 23:
356–69. [CrossRef]

269



MDPI AG
Grosspeteranlage 5

4052 Basel
Switzerland

Tel.: +41 61 683 77 34

MDPI Books Editorial Office
E-mail: books@mdpi.com
www.mdpi.com/books

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are

solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s).

MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from

any ideas, methods, instructions or products referred to in the content.



Academic Open 

Access Publishing

mdpi.com ISBN 978-3-7258-2466-3


