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This study examines the relationship between 

technological innovation and learning quality in 

higher education. Using a quantitative 

explanatory design, the study involved 120 

students at a state university in Malang City, 

Indonesia, who actively used institutional digital 

learning platforms. Data were collected using a 

five-point Likert scale questionnaire measuring 

digital interactivity, material accessibility, 

multimedia integration, and learning quality 

indicators. The data were analyzed using 

multiple linear regression. The results show that 

digital interactivity significantly predicts 

learning engagement (B=0.498; β=0.542; t=6.92; 

p<0.001), material accessibility significantly 

predicts instructional effectiveness (B=0.462; 

β=0.528; t=6.71; p<0.001), and multimedia 

integration provides the strongest contribution to 

learning experience quality (B=0.531; β=0.557; 

t=7.08; p<0.001). The findings indicate that 

effective technology integration enhances 

student engagement, accessibility, and learning 

experiences through appropriate pedagogical 

design and digital readiness. 
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INTRODUCTION 
The rapid development of digital technology has transformed how 

educational institutions design, implement, and evaluate learning processes. 
Digital learning platforms, interactive media, and technology-supported 
instructional systems have created opportunities to improve learning quality by 
increasing access, flexibility, and student participation (Zawacki-Richter et al., 
2020). In higher education, technology is no longer only a supporting facility but 
has become an important component of learning management and pedagogical 
innovation. 

Learning quality in the digital era is commonly reflected through student 
engagement, instructional effectiveness, learning experience, and achievement of 
learning objectives (Bond et al., 2021). However, the effectiveness of educational 
technology depends not only on technology availability but also on how 
technology is integrated into learning design and supported by users’ digital 
competencies (Jiang & Zhang, 2023). 

Previous studies demonstrate that digital innovation can improve 
learning experiences through interactive communication, accessible learning 
resources, and multimedia-based learning. Nevertheless, many studies 
emphasize technology adoption in general or focus predominantly on artificial 
intelligence, while empirical evidence regarding specific technological 
innovation dimensions such as digital interactivity, material accessibility, and 
multimedia integration remains limited. 

The research gap addressed in this study concerns the limited empirical 
examination of how specific dimensions of technological innovation are 
associated with learning quality indicators in Indonesian higher education 
contexts. Unlike previous studies that mainly discuss technological potential, this 
study analyzes measurable relationships between technological innovation 
components and learning quality outcomes in a higher education institution. 

The Indonesian higher education context provides an important setting 
because digital transformation is developing rapidly while institutions still face 
challenges related to infrastructure readiness, digital literacy, and effective 
pedagogical implementation (Arief et al., 2022). Therefore, understanding which 
technological components contribute most strongly to learning quality is 
important for developing sustainable digital learning strategies. 

This study aims to analyze the relationship between technological 
innovation dimensions, namely digital interactivity, material accessibility, and 
multimedia integration, with learning quality indicators among students in a 
higher education institution in Malang City. The study specifically examines 
whether these dimensions significantly contribute to learning engagement, 
instructional effectiveness, and learning experience quality. 

Theoretically, this research integrates technological innovation 
perspectives with learning quality concepts by developing an empirical model 
that positions technological innovation dimensions as predictors of learning 
quality. The study provides evidence regarding which technology-related factors 
have stronger contributions within higher education digital learning 
environments. Practically, the findings provide guidance for higher education 
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institutions in designing technology implementation strategies, strengthening 
digital competencies, improving infrastructure, and developing student-
centered learning environments. 
 

LITERATURE REVIEW 
Technological innovation in education refers to the implementation of 

digital tools and systems that improve learning processes through better access, 
interaction, and instructional support. In this study, technological innovation is 
operationalized through three main dimensions: digital interactivity, material 
accessibility, and multimedia integration. Digital platforms enable students and 
lecturers to communicate, collaborate, and receive feedback more effectively. 

Digital interactivity strengthens the communication process between 
lecturers and students through discussion forums, virtual classrooms, and real-
time feedback. Interactive learning environments encourage active participation 
and create opportunities for collaborative knowledge construction (Martin & 
Sunley, 2022). Material accessibility represents the availability and flexibility of 
learning resources through digital platforms. Easy access to digital modules, 
videos, and supporting materials allows students to learn independently and 
continuously, which may improve instructional effectiveness (Chen & Huang, 
2023). 

Digital innovation has been proven to affect students' psychological 
aspects such as learning motivation, engagement and self-efficacy. Fidalgo et al., 
(2023) explained that students who are exposed to AI-based digital platforms 
tend to be more motivated because they get fast, relevant, and personalized 
feedback. Chen & Xie (2021) also emphasized that technology is able to 
strengthen students' active engagement through interactive features that 
encourage independent participation. This aspect is important because 
motivation and self-efficacy are the main indicators of learning quality in various 
modern education models. The higher the motivation and sense of ability of 
students, the greater their chances of achieving a better conceptual 
understanding. Thus, technological innovation has a significant impact on the 
affective dimension that directly contributes to the quality of learning. 

Multimedia integration combines text, audio, video, animation, and 
simulation to support different learning processes. Multimedia-based instruction 
can improve understanding of complex concepts and enrich students’ learning 
experiences (Kohnke & Moorhouse, 2022). However, successful technology 
implementation requires digital competence, ethical considerations, and 
institutional readiness. 

While technological innovation offers many benefits, various challenges 
still arise and need to be managed well by educational institutions. According to 
Holmes et al., (2021), issues such as data privacy, algorithmic bias, and digital 
literacy gaps are obstacles to the implementation of AI-based innovations. Salih 
et al., (2024) also warn that the use of technology, if not controlled, can give rise 
to academic integrity issues such as AI-based plagiarism. In addition, research 
by Kurniawan & Putri (2022) emphasizes the need for infrastructure readiness 
and digital competence of lecturers so that the use of technology can be optimal. 
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Without the right policy support and training, technological innovation has the 
potential to have a significant impact or even widen the learning gap. Therefore, 
ethical and technical challenges must be a concern in efforts to improve the 
quality of learning through technological innovation. 

Based on previous studies, technological innovation is expected to 
contribute to learning quality through improved interaction, resource 
accessibility, and multimedia-supported experiences. Therefore, this study 
proposes the following hypotheses: H1: Digital interactivity has a significant 
relationship with learning engagement. H2: Material accessibility has a 
significant relationship with instructional effectiveness. H3: Multimedia 
integration has a significant relationship with learning experience quality. 

Many empirical studies show that technological innovations make a real 
contribution to improving the quality of learning in higher education. Abdullah 
et al., (2024) found that the use of AI in e-learning increases teaching 
effectiveness, material quality, and student satisfaction. Similar findings from 
Alneyadi & Wardat (2023) show that the integration of AI technology in science 
learning is able to significantly improve concept understanding compared to 
conventional methods. A meta-review by Sanhita et al., (2023) also revealed that 
technological innovation not only provides cognitive benefits, such as improved 
critical thinking skills, but also personal benefits, such as motivation and 
confidence. However, successful implementation is highly dependent on 
institutional readiness and commitment to ensuring ethical and quality-oriented 
use of technology. Overall, the literature confirms that technological innovation 
has strong potential as a key driver of improving the quality of learning in higher 
education. 
 
METHODOLOGY 
Types, Approaches, and Research Design 

This study uses a quantitative explanatory design to examine the 
relationship between technological innovation dimensions and learning quality. 
Because the research applies a cross-sectional survey design, the interpretation 
focuses on statistical relationships and predictive contributions rather than strict 
causal effects. 

 
Population, Sampling Techniques, and Sample Size 

The population consisted of active students at a state university in Malang 
City who regularly used the institution’s digital learning platform. A sample of 
120 students was selected using simple random sampling to represent students 
with experience in technology-supported learning environments. 

 
Data Collection Instruments and Techniques 

The research instrument is in the form of a five-point Likert scale 
questionnaire designed to measure indicators of technological innovation and 
learning quality. The questionnaire items were compiled based on the theoretical 
framework of educational technology innovation as well as previous research 
findings on digital interactivity and learning effectiveness, as stated by Al-Fraihat 
et al. (2020). The validity of the instrument's content was assessed through expert 
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judgment by educational technology experts, while the reliability was tested 
using Cronbach's Alpha following the reliability standards recommended by 
Tavakol and Dennick (2011). The use of this instrument allows for the 
measurement of aspects of student learning experience in a systematic, 
consistent, and replicable manner in future research. Thus, the instrument is 
considered appropriate to evaluate the influence of technological innovation on 
the quality of learning. 

 
Research Procedure 

The research procedure is carried out through five main stages. First, the 
researcher compiled a questionnaire instrument and conducted a trial to ensure 
the clarity and consistency of the items. Second, the sample was determined 
based on the list of active students and the questionnaire was distributed through 
online and offline methods to expand the reach of respondents, according to the 
practice recommended by Denscombe (2021). Third, the data collected is verified 
to avoid duplication and address response deficiencies. Fourth, the analysis of 
the validity and reliability of the instrument is carried out before entering the 
main analysis stage. Fifth, data was analyzed using a statistical model that had 
been designed to answer the research questions. The entire process was carried 
out by paying attention to research ethics, including consent to participation and 
confidentiality of respondent data. 

 
Data Analysis Techniques and Supporting Devices 

Data analysis was conducted using multiple linear regression. Prior to 
hypothesis testing, validity, reliability, and classical assumption tests were 
performed. The regression analysis focused on examining the contribution of 
technological innovation dimensions to learning quality indicators. Future 
reporting should include complete regression model statistics such as R, R², 
adjusted R², ANOVA/F-test, and multicollinearity diagnostics. 
 
RESEARCH RESULTS  
Validity and Reliability of Research Instruments 
 The validity test is carried out through expert judgment involving three 
educational technology experts from different institutions. The experts evaluated 
the suitability of the indicators, the clarity of the items, and the relevance of the 
construct to the theory of technological innovation in education. All items are 
declared valid because they meet the content, construction, and measurement 
criteria of the measure. The reliability test resulted in a Cronbach's Alpha value 
that was above 0.80 for all study variables, indicating an excellent level of 
reliability. This indicates that each item in the instrument shows a stable internal 
consistency and can be trusted for use in the context of digital-based learning. 
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Table 1. Instrument Reliability Test Results 

Variable Number of 
Items 

Cronbach’s 
Alpha 

Category 

Digital Interactivity 8 0.87 High 

Material Accessibility 7 0.84 High 

Multimedia Integration 6 0.89 High 

Learning Engagement 4 0.82 High 

Instructional 
Effectiveness 

3 0.85 High 

 
 The high reliability results on all variables showed that students 
responded consistently to every indicator of technological innovation and 
learning quality. This consistency reflects that the instrument is truly in 
accordance with the actual experience of students in using digital learning 
platforms. In addition, high reliability indicates that the instruments used are 
able to accurately and stably capture the dynamics of digital learning, so that the 
results of subsequent statistical analysis can be interpreted with a high level of 
confidence. 
 
Overview of Student Perception of Technological Innovation 
 Descriptive analysis shows that students have a very positive perception 
of technological innovations applied by institutions. All three indicators of 
technological innovation obtained high average scores, showing that students 
feel real benefits when using digital features in the learning process. This 
illustrates that the technology applied by institutions is already in the right 
direction, especially in supporting the independent, flexible, and interactive 
learning process. 
 

Table 2. Descriptive Statistics of Technological Innovation Indicators 

Indicator Mean SD Category 

Digital Interactivity 4.21 0.51 High 

Material 
Accessibility 

4.18 0.48 High 

Multimedia 
Integration 

4.25 0.54 High 

  
 The consistently high mean values on all three indicators indicate that 
students feel that technological innovation is very helpful in improving their 
learning effectiveness and efficiency. Students not only use the platform as a 
medium for delivering material, but also as a space for interaction and 
exploration. These results confirm that the institution has successfully 
implemented technological elements relevant to modern learning needs, thereby 
creating a digital environment that can support students' academic success. 
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The Influence of Digital Interactivity on Learning Engagement 
 Digital interactivity has been proven to have a significant contribution to 
student learning engagement. The regression results showed that the higher the 
quality of interactive features such as discussion forums, virtual classroomsor real-
time chat, the greater the level of active student participation in the learning 
process. This confirms that the existence of interactive features not only improves 
the communicative aspect, but also affects the intrinsic motivation of students to 
participate in academic activities. 
 

Table 3. Regression Output: Effect of Digital Interactivity on Learning 
Engagement 

Predictor B Std. 
Error 

Beta t-
value 

Itself. 

Digital 
Interactivity 

0.498 0.072 0.542 6.92 0.000 

Constant 1.124 0.211 — 5.32 0.000 

  
 These findings show that digital interactivity plays a key driving factor in 
student engagement. Interactive features make learning not one-way, but a 
participatory process that allows students to discuss, ask questions, and give 
feedback directly. Models like this enrich the learning experience and create a 
sense of belonging to the academic process. Therefore, the integration of 
interactive features can be seen as a significant pedagogical investment in 
improving the quality of interaction between students and lecturers. 
 
The Role of Ease of Access to Materials in Increasing Learning Effectiveness 
 The ease of access to materials has a significant effect on the effectiveness 
of material delivery. Students feel that the flexibility to access materials at any 
time, whether in the form of videos, documents, or digital modules, is very 
helpful in improving their understanding. In addition, this unlimited access 
allows students to learn at their own pace, so that learning becomes more 
personal and in-depth. 
 

Table 4. Regression Output: Effect of Material Accessibility on Instructional 
Effectiveness 

Predictor B Std. 
Error 

Beta t-
value 

Itself. 

Material 
Accessibility 

0.462 0.069 0.528 6.71 0.000 

Constant 1.334 0.226 — 5.90 0.000 

  
 These results confirm that the ease of access to materials creates a learning 
space that does not depend on face-to-face schedules, so that the learning process 
becomes more flexible. Students can repeat difficult material, access additional 
resources, and prepare before class. This effectiveness directly improves the 
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learning flow because lecturers can take advantage of face-to-face time for 
advanced discussions instead of just delivering basic materials. Thus, the 
accessibility of digital materials contributes to the improvement of instructional 
quality comprehensively. 
 
Contribution of Multimedia Integration to the Learning Experience 
 Multimedia integration is the most powerful factor in improving the 
quality of student learning experience. Multimedia such as video, animation, 
simulation, and interactive visuals make material easier to understand, especially 
complex concepts that are difficult to explain with text alone. This helps students 
internalize knowledge through a multisensory approach. 
 

Table 5. Regression Output: Effect of Multimedia Integration on Learning 
Experience Quality 

Predictor B 
Std. 

Error 
Beta 

t-
value 

Itself. 

Multimedia 
Integration 

0.531 0.075 0.557 7.08 0.000 

Constant 1.298 0.219 — 5.92 0.000 

 
 These results show that multimedia integration is able to create a learning 
experience that is more immersive, engaging, and relevant to the learning style 
of digital-native students. Good visualization helps students capture the core of 
concepts faster, while interactive simulations allow them to conduct self-
exploration. Thus, multimedia serves not only as a visual aid, but also as a 
medium of knowledge construction that substantially enriches the learning 
experience. 
 
DISCUSSION 

The results of the validity and reliability test showed that all indicators of 
technological innovation and learning quality had a Cronbach's Alpha value 
above 0.80, which indicates excellent internal consistency. These findings confirm 
that the research instrument is able to capture students' learning experiences 
stably and accurately. This condition is in line with the view of Tavakol & 
Dennick (2021) who affirm that high reliability is an important foundation for 
producing reliable data in digital education research. The consistency of students' 
responses also showed that their experience of digital features in learning was 
relatively homogeneous and not distorted by perception bias. Thus, the data 
obtained has good representative power to explain the dynamics of the use of 
learning technology in the context of modern higher education. 

The results of the descriptive analysis show that students have a positive 
perception of all indicators of technological innovation, which is evidenced by an 
average score above 4.18 on all variables. This shows that users feel the real 
benefits of interactive features, ease of access to materials, and multimedia 
integration in the learning process. These findings are in line with a study by 
Bond & Bedenlier (2021) which states that positive perceptions of technology are 
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an important predictor for the successful implementation of digital learning. This 
perception reflects students' readiness to utilize technology optimally to improve 
the quality of the learning experience. Thus, educational institutions have been 
on the right track in developing digital innovations that support the academic 
process in a sustainable manner. 

The effect of digital interactivity on learning engagement was shown to be 
significant, with a beta coefficient of 0.542. This shows that the higher the quality 
of interactive features such as discussion forums, virtual classrooms, and real-
time communication, the greater the level of active student participation. These 
findings support the research of Martin & Sunley (2022) which states that digital 
interactivity is an important catalyst for increasing engagement through 
collaborative learning. Interactive features allow students to be active subjects, 
not just passive recipients of information. Thus, digital interactivity is not only a 
technical element, but a pedagogical component that strengthens student 
connectivity, collaboration, and ownership of learning. 

Ease of access to materials was also found to have a significant effect on 
instructional effectiveness, with a beta value of 0.528. Flexible access to materials 
allows students to learn at their own pace, repeat difficult material, and prepare 
before in-person classes. This factor is in line with the findings of Chen & Huang 
(2023) who affirm that digital accessibility improves learning efficiency through 
directed self-paced learning. Ease of access also reduces reliance on class 
schedules, so learning can take place continuously. This shows that digital 
accessibility is a key pillar in creating an adaptive and inclusive learning 
environment in the modern era of education. 

The multimedia integration factor was the strongest predictor of the 
quality of the learning experience, as shown by a beta coefficient of 0.557. 
Multimedia such as animated videos, interactive simulations, and conceptual 
visualizations makes it easier for students to understand complex material. These 
findings are consistent with the research of Kohnke & Moorhouse (2022) which 
states that multimedia not only increases interest in learning, but also strengthens 
the construction of knowledge through multisensory engagement. Visualization 
helps students internalize abstract concepts faster than text-based methods alone. 
Therefore, multimedia integration can be considered a key pedagogical strategy 
in enriching digital learning experiences. 

However, the results of this study also show certain challenges that can 
affect the effectiveness of technological innovation. Some student responses 
show that there are variations in digital literacy levels that can affect the way they 
make optimal use of technology features. These findings are relevant to the study 
by Hong & Luo (2023) which highlights that the successful implementation of 
educational technology is greatly influenced by user readiness and infrastructure 
support. In addition, the potential for algorithmic bias or technical errors in 
digital applications can hinder the smooth learning process. Thus, there is a need 
for digital competency training and strengthening of technology systems to 
ensure that technology integration runs holistically and ethically. 

Overall, this research contributes to understanding the relationship 
between technological innovation and learning quality in higher education. The 
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findings indicate that digital interactivity, material accessibility, and multimedia 
integration are important components supporting technology-enhanced 
learning. However, because this study was conducted in a single institution 
using a quantitative cross-sectional approach, the findings should be interpreted 
as empirical associations rather than definitive causal effects. 

  
CONCLUSION AND RECOMMENDATION  

This study concludes that technological innovation is positively associated 
with learning quality through digital interactivity, material accessibility, and 
multimedia integration. Among the examined dimensions, multimedia 
integration demonstrated the strongest statistical contribution (β=0.557), 
followed by digital interactivity (β=0.542) and material accessibility (β=0.528). 
The findings emphasize that technology implementation should be accompanied 
by pedagogical planning, digital competency development, and infrastructure 
support. Future studies are encouraged to involve broader samples and 
qualitative approaches to explore students’ and lecturers’ experiences in digital 
learning environments. 
 
ADVANCED RESEARCH 
  Future research is recommended to explore technological innovation in 
learning using qualitative or mixed-method approaches to capture students’ and 
teachers’ lived experiences in more depth. Further studies could also examine 
long-term impacts, differences across educational levels, and the role of digital 
readiness and infrastructure in ensuring the sustainability and effectiveness of 
technology-enhanced learning. 
 
ACKNOWLEDGMENT 

The authors would like to express their sincere gratitude to the leadership, 
lecturers, and students of the state university in Malang City who participated 
and contributed to this research process. Appreciation is also extended to 
colleagues and academic reviewers for their valuable suggestions and 
constructive feedback that helped improve the quality of this study. Finally, the 
authors acknowledge all parties who supported the implementation of this 
research, particularly in facilitating data collection and the development of 
technology-based educational research. 
 
REFERENCES 

Abdullah, M., Alharthi, M., Alghamdi, A., & Alzahrani, M. (2024). The 
effectiveness of AI-supported e-learning systems in higher education: A 
structural model analysis. Education and Information Technologies, 29(2), 
1451–1470. https://doi.org/10.1007/s10639-023-11975-2  

Al-Fraihat, D., Joy, M., Masa’deh, R., & Sinclair, J. (2020). Evaluating e-learning 
systems success: An empirical study. Computers in Human Behavior, 102, 
67–86. https://doi.org/10.1016/j.chb.2019.08.004 

Alneyadi, S., & Wardat, Y. (2023). Artificial intelligence-supported science 
learning and its impact on conceptual understanding. Journal of Science 

https://doi.org/10.1007/s10639-023-11975-2
https://doi.org/10.1016/j.chb.2019.08.004


International Journal of Applied Educational Research (IJAER)  
Vol. 4 No. 4 , 2026: 311 - 322 

                                                                                           

  321 
 

Education and Technology, 32(4), 566–580. https://doi.org/10.1007/s10956-
023-10067-y  

Arief, M., Wijaya, A., & Rahmawati, D. (2022). Digital readiness and technology 
integration in Indonesian higher education: Challenges and opportunities. 
Education and Information Technologies, 27(6), 7891–7912. 
https://doi.org/10.1007/s10639-022-11020-1  

Bond, M., & Bedenlier, S. (2021). Facilitating student engagement in higher 
education during emergency remote teaching: A review of research. 
Educational Research Review, 34, 100411. 
https://doi.org/10.1016/j.edurev.2021.100411 

Bond, M., Zawacki-Richter, O., & Nichols, M. (2021). Systematic review of digital 
learning quality in global higher education. International Review of Research 
in Open and Distributed Learning, 22(2), 1–23. 
https://doi.org/10.19173/irrodl.v22i2.5208  

Bozkurt, A., & Sharma, R. C. (2021). Emergency remote teaching in a time of 
global crisis: Educational responses and future trends. Asian Journal of 
Distance Education, 15(1), 1–6. https://doi.org/10.5281/zenodo.3898579  

Bower, M., Devereux, L., Houghton, L., & Grover, D. (2021). Automated feedback 
and learning improvement in higher education. Australasian Journal of 
Educational Technology, 37(3), 92–108. https://doi.org/10.14742/ajet.6577  

Chen, B., & Huang, T. (2023). Digital material accessibility and learning 
effectiveness in higher education. Computers & Education, 198, 104755. 
https://doi.org/10.1016/j.compedu.2023.104755 

Chen, C., & Xie, H. (2021). Technology-enhanced learning and students’ self-
efficacy: A meta-analysis. Educational Psychology Review, 33, 751–777. 
https://doi.org/10.1007/s10648-020-09562-3  

Creswell, J. W., & Creswell, J. D. (2021). Research design: Qualitative, quantitative, 
and mixed methods approaches (5th ed.). SAGE Publications. 

Denscombe, M. (2021). The good research guide: For small-scale social research projects 
(7th ed.). McGraw-Hill Education. 

Fidalgo, P., Thormann, J., Kulyk, O., & Lencastre, J. A. (2023). Motivation and 
engagement in AI-supported online learning. British Journal of Educational 
Technology, 54(1), 56–74. https://doi.org/10.1111/bjet.13299  

Field, A. (2020). Discovering statistics using IBM SPSS Statistics (5th ed.). SAGE 
Publications. 

Fraenkel, J., Wallen, N., & Hyun, H. (2021). How to design and evaluate research in 
education (10th ed.). McGraw-Hill. 

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2020). Multivariate data 
analysis (8th ed.). Cengage Learning. 

Holmes, W., Bialik, M., & Fadel, C. (2021). Artificial intelligence in education: 
Promises and implications. Center for Curriculum Redesign. 

Holmes, W., Porayska-Pomsta, K., & Holstein, K. (2022). Artificial intelligence in 
education: Opportunities and ethical considerations. AI and Ethics, 2, 7–20. 
https://doi.org/10.1007/s43681-021-00068-7  

https://doi.org/10.1007/s10956-023-10067-y
https://doi.org/10.1007/s10956-023-10067-y
https://doi.org/10.1007/s10639-022-11020-1
https://doi.org/10.1016/j.edurev.2021.100411
https://doi.org/10.19173/irrodl.v22i2.5208
https://doi.org/10.5281/zenodo.3898579
https://doi.org/10.14742/ajet.6577
https://doi.org/10.1016/j.compedu.2023.104755
https://doi.org/10.1007/s10648-020-09562-3
https://doi.org/10.1111/bjet.13299
https://doi.org/10.1007/s43681-021-00068-7


Koesrini, Dewanti, Kaharuddin, Sodikin 

322 
 

Hong, J., & Luo, N. (2023). User readiness and digital infrastructure in EdTech 
implementation. Educational Technology Research and Development, 71, 345–
365. https://doi.org/10.1007/s11423-022-10143-1  

Hong, S., Kim, M., & Park, J. (2023). Ethical risks of AI-supported learning 
platforms. Computers in Education: Artificial Intelligence, 4, 100108. 
https://doi.org/10.1016/j.caeai.2022.100108  

Huang, R., Liu, D., Tlili, A., Vishnumolakala, V., & Chang, T. (2021). Personalized 
learning with AI in higher education: A systematic review. Smart Learning 
Environments, 8, 34. https://doi.org/10.1186/s40561-021-00168-8  

Jiang, L., & Zhang, Y. (2023). Digital competency and learning design 
effectiveness in higher education. Educational Technology & Society, 26(2), 
127–140.  

Kohnke, L. (2020). Interactive multimodal learning and student engagement. 
Journal of Computer Assisted Learning, 36(5), 691–702. 
https://doi.org/10.1111/jcal.12446  

Kohnke, L., & Moorhouse, B. (2022). Multimedia-enhanced learning and 
knowledge construction. Educational Media International, 59(1), 1–17. 
https://doi.org/10.1080/09523987.2022.2028800  

Kurniawan, R., & Putri, W. (2022). Digital competency and infrastructure 
readiness in Indonesian universities. Education and Information 
Technologies, 27(5), 6579–6602. https://doi.org/10.1007/s10639-022-11088-
9  

Martin, A., & Sunley, R. (2022). Digital interactivity and collaborative 
engagement in higher education. Journal of Applied Learning & Teaching, 
5(2), 24–37. https://doi.org/10.37074/jalt.2022.5.2.3  

Roll, I., & Wylie, R. (2021). AI-supported feedback systems in university learning. 
Computers & Education, 165, 104121. 
https://doi.org/10.1016/j.compedu.2020.104121 

Salih, M., Ahmed, A., & Osman, Y. (2024). Ethical implications of AI use in higher 
education assessment. AI and Ethics, 4, 501–514. 
https://doi.org/10.1007/s43681-023-00267-0  

Sanhita, P., Sharma, R., & Turner, J. (2023). A meta-review of AI-enhanced 
learning effectiveness in higher education. Computers and Education: 
Artificial Intelligence, 5, 100132. 
https://doi.org/10.1016/j.caeai.2023.100132  

Tavakol, M., & Dennick, R. (2021). Psychometric evaluation and Cronbach’s 
alpha in educational research. Medical Education, 55(1), 110–116. 
https://doi.org/10.1111/medu.14241  

Yang, C., Li, L., & Wang, N. (2022). Adaptive learning platforms and student 
success in higher education. Interactive Learning Environments, 30(8), 1463–
1478. https://doi.org/10.1080/10494820.2020.1799021  

Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2020). Systematic 
review of research on artificial intelligence in higher education. 
International Journal of Educational Technology in Higher Education, 17, 39. 
https://doi.org/10.1186/s41239-020-00218-x 

 

https://doi.org/10.1007/s11423-022-10143-1
https://doi.org/10.1016/j.caeai.2022.100108
https://doi.org/10.1186/s40561-021-00168-8
https://doi.org/10.1111/jcal.12446
https://doi.org/10.1080/09523987.2022.2028800
https://doi.org/10.1007/s10639-022-11088-9
https://doi.org/10.1007/s10639-022-11088-9
https://doi.org/10.37074/jalt.2022.5.2.3
https://doi.org/10.1016/j.compedu.2020.104121
https://doi.org/10.1007/s43681-023-00267-0
https://doi.org/10.1016/j.caeai.2023.100132
https://doi.org/10.1111/medu.14241
https://doi.org/10.1080/10494820.2020.1799021
https://doi.org/10.1186/s41239-020-00218-x

