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This study addresses the pedagogical gap between artificial intelligence (Al)
integration and digital literacy development by developing and validating the
artificial intelligence—integrated mathematics learning model (PMAI-e).
Employing the Plomp research and development (R&D) framework, the
study produced a comprehensive instructional model validated by experts
with a high validity score (Avg. 3.64) and confirmed as practical by users.
To evaluate effectiveness, a quasi-experimental study was conducted with
163 undergraduate mathematics students selected via cluster random
sampling. Participants were divided into three groups: experimental group 1
(bilingual), experimental group 2 (non-bilingual), and a control group using
conventional project-based learning. Data were analyzed using N-Gain,
analysis of variance (ANOVA), and Tukey honestly significant difference
(HSD) post-hoc tests. The results demonstrated that the PMAI-e model
significantly enhanced digital literacy skills compared to the control group
(»<0.001). The bilingual group achieved the highest improvement
(N-Gain=0.71), followed by the non-bilingual group (N-Gain=0.67), with
both significantly outperforming the control group (N-Gain=0.34). Notably,
the two experimental groups differed significantly, according to post-hoc
analysis (p=0.012), suggesting that integrating bilingual instruction with
Al-supported pedagogy offers additive benefits to digital literacy
development. The PMAI-e model is recommended as a scalable framework
for fostering ethical and technical Al competencies in higher education.
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1. INTRODUCTION

The quick development of artificial intelligence or Al in higher education has presented new
chances for personalized learning, adaptive feedback, and data-driven instructional decision-making. Prior
research indicates that Al may improve automate routine assessment processes, student engagement, and
facilitate individualized learning pathways across various disciplines [1]-[5]. However, studies also highlight
ongoing challenges related to technological readiness, privacy concerns, and uneven institutional adoption,
suggesting that Al integration requires thoughtful pedagogical design to ensure meaningful learning
outcomes [6]-[9]. Recent analyses from previous studies emphasize risks such as overreliance on Al tools,
diminished metacognitive engagement, and the need to cultivate ethical awareness when using Al in

Journal homepage: hitp://edulearn.intelektual.org


https://creativecommons.org/licenses/by-sa/4.0/

JEdu & Learn ISSN: 2089-9823 a 2595

academic settings [10], [11]. These results underline the significance of developing structured models that
balance technological innovation with critical, autonomous, and responsible learning practices.

Digital literacy, at the same time, has become a necessary competency for students navigating
Al-rich learning environments. Studies in Indonesian higher education report substantial variation in
students’ abilities to evaluate communicate responsibly online, digital information, and use digital tools
effectively for academic purposes [12]-[14]. Digital literacy, according to broader international literature, is a
multifaceted notion that includes technological competence, cognitive and evaluative abilities,
social-emotional communication, and ethical awareness [15]-[17]. Despite increasing recognition of this
complexity, insights from previous studies reveal inconsistencies in how digital literacy is embedded in
mathematics curricula and highlight the limited availability of validated assessment tools designed
specifically for Al-supported learning contexts [18], [19]. These findings indicate the need for instructional
designs that position digital literacy as an integral component of mathematics learning, particularly as
students interact with Al tools.

Although an expanding body of studies demonstrates the advantages of Al in mathematics learning,
such as Al-assisted tutoring systems that provide personalized support or adaptive platforms that improve
performance and self-directed learning [20]-[22], many studies focus primarily on improving content
mastery rather than on cultivating broader digital literacy competencies. Prior study findings reinforce that
existing models rarely address the ethical, metacognitive, and autonomy-related dimensions of Al use in
mathematics learning, leaving gaps in students’ preparedness to use Al tools critically and responsibly [23],
[24]. Research in mathematics education also shows that instructional practices often remain conventional,
with limited incorporation of Al tools or opportunities for students to develop digital literacy within
mathematical problem-solving and project-based activities [10], [25], [26]. Collectively, these findings
suggest that although Al and digital literacy are increasingly recognized as essential for modern mathematics
education, current approaches tend to treat them separately and lack comprehensive frameworks that
explicitly integrate both domains.

Given these conditions, the central problem addressed in this study concerns the absence of
structured pedagogical models that guide the AI integration tools into mathematics learning while
simultaneously supporting the development of students’ multidimensional digital literacy skills. Previous
studies point to gaps in existing models, particularly the lack of instructional frameworks that incorporate
responsible and ethical Al use, critical thinking, and sociocultural contextualization alongside mathematics
content [27]-[30]. These insights highlight the need for instructional innovations that unify Al integration,
information and communication technology (ICT) use, and digital literacy development within coherent
learning environments.

In response to these gaps, this study introduces the artificial intelligence-integrated mathematics
learning model (PMAI-e), designed to integrate Al tools, ICT, and project-based learning with sociocultural
interaction patterns rooted in the Bugis-Makassar context. The model is distinguished by its emphasis on
digital literacy as an explicit learning outcome, its attention to ethical and responsible Al use, and its
comprehensive suite of instructional materials developed and validated through expert review, practicality
testing, and empirical implementation. By addressing the persistent fragmentation between Al-supported
instruction and digital literacy development, the PMAI-e model offers a structured pedagogical approach that
aligns with emerging demands in higher education mathematics learning. Accordingly, the purpose of this
study is to develop, validate, and evaluate the PMAI-e model using the Plomp development framework and
to examine its potential to enhance university students’ digital literacy skills.

2. METHOD
2.1. Research design

The PMAI-e was developed, validated, and experimentally evaluated in this study using a research and
development (R&D) methodology. The study was conducted in higher education settings in South Sulawesi,
Indonesia, with the overarching goal of enhancing university students’ digital literacy skills through purposeful
Al integration and ICT within mathematics learning. The Plomp development model [31] was adopted as the
methodological framework, comprising five interrelated phases—preliminary investigation, design,
realization/construction, test—evaluation—revision, and implementation. This structure ensured that the model
was theoretically grounded, systematically refined, and empirically tested before full-scale application.

2.2. Development procedures

The research procedure began with the preliminary investigation phase, which included field
observations, needs analysis, and assessment of baseline digital literacy levels. Findings from this phase
identified significant gaps in the Al tools integration in mathematics instruction and inconsistent emphasis on
ethical, evaluative, and cognitive aspects of digital literacy. These insights informed the design phase, during
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which the PMAI-e model was conceptualized by synthesizing constructivist learning theory with
Bugis-Makassar sociocultural interaction patterns. The model’s syntax was structured into five sequential
learning phases, ensuring alignment between Al-assisted learning activities and the advancement of students’
21st-century skills.

In the realization phase, the conceptual design was transformed into prototype-1, consisting of a
comprehensive suite of instructional materials: the model book, lecturer handbook, student handbook, student
worksheets (LKM), and semester learning plans (RPS). These products operationalized the theoretical
underpinnings and instructional flow defined in the design phase. Prototype-1 then underwent expert
validation and iterative refinement, producing prototype-2 (validated model) and later prototype-3 (practical
model) following limited classroom trials.

2.3. Experimental design

A quasi-experimental study design with a non-equivalent control group design was used to evaluate
the PMAI-e model’s effectiveness. Three groups were compared: i) experimental group 1 (bilingual
program); ii) experimental group 2 (non-bilingual program); and iii) a control group implementing
conventional project-based learning without structured Al integration. Participants were undergraduate
mathematics students from both public and private universities selected using cluster random sampling. The
total sample comprised 163 students distributed across three classes: experimental group 1 (n=67),
experimental group 2 (n=63), and the control group (n=33). This distribution reflects the natural class sizes of
the participating institutions.

In this study, bilingual instruction refers to the systematic utilization of Indonesian and English as
instructional languages. Bilingual implementation was consistently applied across learning instructions, Al
prompts, project documentation, and student presentations. Both experimental groups adhered to identical
instructional designs, learning objectives, assessment criteria, and Al tools; differences between the bilingual
and non-bilingual conditions were limited to linguistic scaffolding. This design ensured that any observed
differences in learning outcomes could be attributed to language-mediated instructional processes rather than
variations in content or technology use.

2.4. Instruments and data collection

To assess the model’s validity, practicality, and effectiveness, multiple instruments were employed.
Expert validation sheets evaluated the theoretical foundations, syntax coherence, linguistic clarity, social
system, reaction principles, and support structures. Practicality was measured using observation checklists
and lecturer-student response questionnaires during limited implementation. A pre-test and a post-test were
used to obtain effectiveness data. The test items were operationalized based on three key dimensions of
digital literacy: i) information processing (locating and evaluating digital resources); ii) content creation
(utilizing Al tools to generate mathematical solutions); and iii) ethical awareness (citation and responsible Al
use). The instrument underwent empirical validation and reliability testing; the estimated reliability using
Cronbach’s alpha was 0.804, indicating the instrument’s reliability for data collection.

Digital literacy was conceptualized as a multidimensional construct encompassing information
processing, content creation using Al tools, and ethical awareness. The assessment instrument was designed
to capture these dimensions through integrated task-based items. For evaluating overall model effectiveness
within the experimental design, data analysis employed a validated composite score representing students’
overall digital literacy performance. While this approach supports model-level evaluation, future research
may disaggregate dimension-level outcomes to provide more fine-grained insights into specific areas of
digital literacy development.

2.5. Data analysis

The validity and practicality analyses were conducted descriptively by calculating mean scores from
expert reviews and classroom observations. To determine the effectiveness of the PMAI-e model, normalized
gain (N-Gain) scores were computed to quantify improvement in digital literacy across the three groups [32].
Significant differences in digital literacy outcomes were examined using inferential statistics and one-way
analysis of variance (ANOVA) [33]. Normality and homogeneity tests were administered as prerequisite
analyses to ensure that ANOVA assumptions were met. To determine whether there is a significant
difference in the N-Gain scores of digital literacies between experimental group 1 (bilingual), experimental
group 2 (non-bilingual), and the control group, the hypotheses were developed to direct inferential analysis.

2.6. Implementation of the PMAI-e model
The implementation phase followed the five-phase syntax of the PMAI-e model: i) perception and
objectives, introducing Al concepts and situating learning within cultural context; ii) representation, where
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students collaboratively developed project plans grounded in community interaction principles;
iii) Al assistance, involving supervised use of Al tools for project development while ensuring academic
integrity and critical engagement; iv) review and monitoring, during which lecturers evaluated Al-assisted
outputs and facilitated concept abstraction; and v) plenary and evaluation, where students presented and
debated findings to refine mathematical and digital literacy understanding.

2.7. Structure and instructional flow of the PMAI-e model

The PMAI-e model is supported by a structured instructional module consisting of a model book,
lecturer handbook, student handbook, semester learning plans, student worksheets, and project-based
assignments. These materials are designed to ensure coherent implementation of Al-assisted mathematics
learning while explicitly fostering digital literacy as a core learning outcome.

Instructional activities are organized into five sequential phases that guide students from orientation
to reflection. The first phase, perception and objectives, introduces learning goals, expectations for digital
literacy development, and principles of ethical and responsible Al use, thereby establishing conceptual
readiness. The second phase, representation, engages students in collaborative project planning through
guided resources, structured prompts, and negotiated problem representations.

The third phase, Al assistance, involves supervised use of Al tools to support information
processing and content creation. At this stage, students are required to critically evaluate Al-generated
outputs, reformulate solutions using their own academic language, and acknowledge Al assistance
appropriately. The fourth phase, review and monitoring, emphasizes lecturer-guided feedback, peer
discussion, and conceptual abstraction to consolidate mathematical understanding and prevent overreliance
on Al tools.

The final phase, plenary and evaluation, consists of project presentations, formative quizzes, and
reflective discussions aimed at synthesizing mathematical concepts and digital literacy skills. Formative
assessments embedded throughout the module serve diagnostic, reflective, and evaluative purposes, enabling
lecturers to monitor learning progress while supporting usability, instructional clarity, and navigability across
learning activities.

3. RESULTS AND DISCUSSION
The findings of this study are displayed in two main parts: the development of the PMAI-e model
(R&D outcomes) and the empirical testing of its effectiveness (experimental outcomes).

3.1. The model development
3.1.1. Preliminary investigation and design results

The initial investigation identified the absence of structured pedagogical frameworks that
systematically integrate artificial intelligence into mathematics learning while simultaneously fostering
digital literacy. Observations and needs analysis showed limited use of Al-assisted tools in existing
instructional practices and insufficient emphasis on ethical and evaluative aspects of digital literacy. These
results showed the design of the PMAI-e model, which incorporates constructivist learning principles and
sociocultural interaction patterns rooted in Bugis-Makassar values. The model syntax was structured into
sequential phases intended to facilitate Al-supported project-based learning.

3.1.2. Product realization (prototype-1)

During the realization stage, the conceptual design was transformed into a complete instructional
package referred to as prototype-1. This prototype included the PMAI-e model book, lecturer and student
handbooks, LKM, RPS, project assignment guides, and digital literacy assessment instruments. Each
component was developed to reflect the theoretical underpinnings and instructional flow defined in the
design phase.

3.2. The validation (prototype-2)

To evaluate the validity of prototype-1, expert validators conducted assessments across components
such as theoretical foundations, model syntax, language, reaction principles, social system, instructional
impacts, support system, and implementation feasibility. Table 1 summarizes the validation outcomes. The
overall average validity score was 3.64, which falls into the highly valid category, as Table 1 illustrates. The
learning model syntax component received the highest rating (3.80), indicating that the phases of Al
integration and project-based learning were logically sequenced and well-defined. Based on these results, the
model was declared to meet the validity criteria and was revised into prototype-2.
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Table 1. Summary of expert validation results for the PMAI-e model

Component Average score Category
Development foundation 3.51 Highly valid
Language 3.57 Highly valid
Learning model syntax 3.80 Highly valid
Social system 3.55 Highly valid
Reaction principle 3.73 Highly valid
Support system 3.60 Highly valid
Instructional and companion impact 3.65 Highly valid
Implementation of learning model 3.70 Highly valid

Total average 3.64 Highly valid

3.3. The practicality (prototype-3)

Prototype-2 underwent limited implementation to evaluate its practicality and usability in actual
classroom settings. Observations revealed that the model’s instructional phases were executed as intended
with a high degree of fidelity. Analysis of the practicality questionnaires yielded an average lecturer response
score of 3.49 (practical) and an average student response score of 3.54 (practical). These scores suggest that
the supporting documents were user-friendly and the integration of Al tools was transparent to the users. The
alignment between planned syntax and actual execution resulted in prototype-3. Although Al-supported
learning activities generated interaction data during the implementation of the PMAI-e model, system-level
Al interaction logs (such as time-on-task or frequency of hint usage) were not included in the present
analysis. The study’s focus was on pedagogical effectiveness and learning outcomes rather than learning
analytics. User experience indicators—including usability, cognitive load management, and navigability—
were indirectly evaluated through lecturer observation sheets and student practicality questionnaires. The
results indicated that the phased instructional structure and continuous lecturer scaffolding supported a clear,
manageable, and user-friendly learning experience.

3.4. The effectiveness (experimental study)

Using pre-test and post-test data from three groups, the PMAI-¢ model’s efficacy in improving
students’ digital literacy abilities was investigated. One-way analysis of variance (ANOVA) was used to
examine the variations in the improvement of digital literacy; the findings are shown in Table 2. The study
reveals statistically significant disparities across the groups, suggesting that the impact of the intervention on
student results was uneven.

Table 2. Results of ANOVA for differences in digital literacy scores

Variation source  Sum of squares  df = Mean square F Sig.
Between groups 3.244 2 1.622 222.063  0.000
Within groups 1.143 160 0.007

Total 4.387 162

The mean pre-test and post-test scores, as well as the N-Gain score for each group, are shown in
Table 3. While all groups exhibited improvement, both experimental groups demonstrated significantly
higher gains compared to the control group. Notably, the bilingual group achieved the highest post-test mean
and N-Gain score. The N-Gain scores employed to quantify the extent of enhancement across groups reveal
distinct learning gains. With the highest N-Gain score of 0.71, experimental group 1 (bilingual) was
categorized as high. With an N-Gain of 0.67, experimental group 2 (non-bilingual) was classified as medium.
conversely, the control group demonstrated substantially lower improvement with an N-Gain score of 0.34.

Table 3. N-Gain scores for digital literacy improvement

Group Pretest mean  Post-test mean ~ N-Gain score  Category
Experimental group 1 (bilingual) 46.37 84.06 0.71 High
Experimental group 2 (non-bilingual) 41.03 80.19 0.67 Medium
Control group 33.12 55.58 0.34 Medium

The ANOVA results confirm that the differences among the three groups are statistically significant
(F=222.063, p<0.001). To determine which groups exhibited statistically significant differences, a Tukey
HSD post hoc analysis was conducted on the N-Gain scores. The outcomes are presented in Table 4.
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Table 4. Summary of post-hoc test results (Tukey HSD) on digital literacy N-Gain

Group (I) vs. Group (J) Mean difference  Std. error  Sig.
Experimental group 1 (bilingual)-control 0.37* 0.018 0.000
Experimental group 2 (non-bilingual)-control 0.33%* 0.018 0.000
Experimental group 1 (bilingual)-experimental group 2 (non-bilingual) 0.04* 0.015 0.012

Note: *the mean difference is significant at the 0.05 level.

The post-hoc analysis confirms that both experimental groups utilizing the PMAI-e model
significantly outperformed the control group (p<0.05). Furthermore, the comparison between the two
experimental variations reveals a statistically significant difference (p=0.012); specifically, the bilingual
group (experimental group 1) achieved a higher mean gain (0.04 higher) than the non-bilingual group
(experimental group 2). These findings suggest that while the PMAI-e model is highly effective regardless of
language setting, the integration of bilingual instruction may offer a slight but significant additive benefit to
digital literacy development.

3.5. Discussion

The findings indicate that the PMAI-e model represents a valid, practical, and effective pedagogical
framework in integrating artificial intelligence into mathematics instruction with a clear emphasis on
developing digital literacy. The significant differences identified between the control and experimental
groups suggest that structured Al integration, when guided by sound pedagogical principles, can improve
students’ capacity to process information, produce content responsibly, and interact ethically with digital
technologies [1], [6], [9], [11].

The superior performance of both experimental groups aligns with previous research emphasizing
that Al-supported learning environments yield positive outcomes when combined with instructional
scaffolding and reflective activities rather than unregulated tool usage [1], [22]. Unlike approaches that treat
Al merely as a performance-enhancing technology, the PMAI-e model positions Al as a cognitive support
system embedded within project-based learning. This design directly addresses concerns raised in earlier
studies regarding overreliance on Al and diminished metacognitive engagement by ensuring continuous
lecturer supervision and structured reflection phases [34], [35].

A notable contribution of this study is the significant difference observed between the bilingual and
non-bilingual experimental groups. The higher N-Gain achieved by students in the bilingual condition
suggests that linguistic scaffolding using Indonesian and English may have fostered deeper cognitive
processing and academic communication. Engaging with mathematical concepts and Al-generated
information across two languages likely required students to reformulate ideas, evaluate meaning more
critically, and articulate reasoning with greater precision. This finding is consistent with theoretical
perspectives that view bilingual instruction as a catalyst for metacognitive awareness and higher-order
thinking, particularly in technology-enhanced learning contexts [6], [36]-[38].

It is important to interpret these findings in light of the study’s methodological scope. Digital
literacy was analyzed using a validated composite score to assess overall model effectiveness rather than
dimension-level outcomes. While this approach supports evaluation at the pedagogical model level, it limits
conclusions regarding the relative contribution of specific digital literacy domains. Additionally, although
Al-supported learning activities generated interaction data during implementation, system-level Al
interaction logs were not included in the analysis. Future research may integrate learning analytics to
examine how patterns of Al interaction relate to student engagement and learning trajectories [39].

Despite these limitations, the PMAI-e model offers a scalable and context-sensitive solution for
higher education mathematics instruction. By embedding ethical Al use, linguistic scaffolding, and
socioculturally grounded collaboration within a coherent instructional structure, the model transforms Al
from a potential shortcut into a medium for critical inquiry. These findings extend existing literature by
demonstrating how pedagogically guided Al integration can simultaneously support disciplinary learning and
multidimensional digital literacy development [4], [27], [40].

4. CONCLUSION

This study designed, validated, and assessed the PMAI-e as a structured pedagogical framework
aimed at strengthening university students’ digital literacy skills. Using the Plomp development model, the
study produced a comprehensive instructional system that was confirmed to be highly valid and practical for
classroom implementation. The experimental results provide robust empirical evidence of the model’s
effectiveness. The PMAI-e model significantly improved students’ digital literacy compared to conventional
project-based learning. Specifically, the bilingual experimental group achieved the highest improvement,
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followed by the non-bilingual experimental group, both of which were significantly higher than the control
group. A critical finding from the post-hoc analysis is the statistically significant difference between the two
experimental groups, indicating that implementing the PMAI-e model within a bilingual instructional context
yields an additive benefit to digital literacy development. This suggests that the cognitive demands of
navigating dual languages, when paired with structured Al interaction, may foster deeper evaluative and
metacognitive engagement. By addressing the gap between Al integration and competency development, the
PMAI-e model offers a scalable solution for higher education. It transforms Al from a potential shortcut into
a tool for critical inquiry. Future research should explore the longitudinal impact of this model across other
science, technology, engineering, and mathematics or STEM disciplines to determine if the bilingual
advantage persists in different subject areas.

ACKNOWLEDGMENTS

The authors would like to express their sincere gratitude to the Ministry of Higher Education,
Science, and Technology of Indonesia, Universitas Negeri Makassar’s Research and Community Service
Institute (LP2M) and the Directorate General of Higher Education, Research, and Technology for their
support, guidance, ongoing assistance and direction during the project. Additionally, gratitude is expressed to
all the people and organizations whose assistance made this study possible.

FUNDING INFORMATION
The Republic of Indonesia’s Ministry of Higher Education, Science, and Technology provided
funding for this study through a Fundamental Research Grant with the number 084/C3/DT.05.00/PL/2025.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo 1 R D O E Vi Su P Fu
Ahmad Zaki v v v v v v v v v v
Usman Mulbar v v v v v v v
Maya Sari Wahyuni v v v v v v v
Muhammad  Ammar Y Y v v v v v

Naufal

C : Conceptualization I : Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration
Va : Validation O : Writing - Original Draft Fu : Funding acquisition
Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
The authors affirm that there are no conflicts of interest related to this study.

INFORMED CONSENT
All participants in this study have provided their informed consent.

ETHICAL APPROVAL

The study involving human participants was conducted in compliance with all relevant national
regulations and institutional policies. It adhered to the ethical principles outlined in the Helsinki Declaration
and obtained approval from the authors’ institutional review board or an equivalent ethics committee.

DATA AVAILABILITY
The data supporting the conclusions of this study can be obtained from the corresponding author,
[AZ], upon a reasonable request.

J Edu & Learn, Vol. 20, No. 4, November 2026: 2594-2602



JEdu & Learn ISSN: 2089-9823 a 2601

REFERENCES

(1
(2]

(1]

[12]

[13]
[14]

[15]

[16]
[17]
(18]
[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]

B1]
[32]

H. Crompton and D. Burke, “Artificial intelligence in higher education: the state of the field,” International Journal of Educational
Technology in Higher Education, vol. 20, no. 1, Apr. 2023, doi: 10.1186/s41239-023-00392-8.

M. Yavuz, S. Balat, and B. Kayali, “The effects of artificial intelligence supported flipped classroom applications on learning experience,
perception, and artificial intelligence literacy in higher education,” Open Praxis, vol. 17, no. 2, 2025, doi: 10.55982/openpraxis.17.2.811.
C. V. Suresh Babu, M. P. William, and C. Juvin, “Artificial intelligence in flipped learning: advancing quality assurance and personalized
education in higher education,” New Technological Applications in the Flipped Learning Model, pp. 169-192, 2025, doi: 10.4018/979-8-
3373-0437-3.ch006.

M. Chere and N. Wayi-Mgwebi, “Integration of generative artificial intelligence in higher education: pedagogy factors and best practices,”
in Redefining Education and Development, K. Dube, Ed. Cham: Springer Nature Switzerland, 2024, doi: 10.1007/978-3-031-69954-2 7.
E. Antwi-Boasiako, N. Assyne, F. N. A. Engmann, and E. S. Adabor, “Evaluating the potential impact of large language models on
teaching and learning core academic subjects and measuring system-wide participation,” in Advanced Digital Competence on Engineering
Student: A Survey Study From Indonesia, Cham: Springer, 2025, pp. 397-445, doi: 10.1007/978-3-031-96855-6_18.

A. A. M. Abdelkader, H. Hassan, and M. Abdelkader, “The role of artificial intelligence in designing higher education courses: benefits
and challenges,” in The Evolution of Artificial Intelligence in Higher Education, M. D. L. Aldosemani, A. Alkhaldi, S. Malik, A. C.
Serban, and Tahani, Eds. Emerald Publishing Limited, 2024, pp. 83-97, doi: 10.1108/978-1-83549-486-820241005.

A. Vij and P. Agarwal, “Assessing the challenges and opportunities of artificial intelligence in Indian education,” International Journal for
Global Academic and Scientific Research, vol. 3, no. 1, pp. 36-44, 2024, doi: 10.55938/ijgasr.v3il.71.

M. Sposato, “Artificial intelligence in educational leadership: a comprehensive taxonomy and future directions,” International Journal of
Educational Technology in Higher Education, vol. 22, no. 1, 2025, doi: 10.1186/s41239-025-00517-1.

B. Memarian and T. Doleck, “Teaching and leaming artificial intelligence: insights from the literature,” Education and Information
Technologies, vol. 29, no. 16, pp. 21523-21546, 2024, doi: 10.1007/s10639-024-12679-y.

S. F. Wong, M. M. Mahmud, and S. S. Wong, “10 balancing Al and autonomy: the role of Al in Enhancing calculus education,” in 2025
6th International Conference on Information Technology and Education Technology, ITET 2025, 2025, pp. 16-21, doi:
10.1109/ITET65804.2025.11100716.

A. J. Gouveia, R. Costa, S. Gomes, R. Abreu, and L. Briga, “Understanding Al integration challenges in education: a brief systematic
literature review,” Communications in Computer and Information Science, vol. 2479 CCIS, 2025, doi: 10.1007/978-3-032-02675-0_1.

R. A. Budiman, A. G. Abdullah, D. Wahyudin, and S. A. Pasma, “Advanced digital competence on engineering student: a survey study
from Indonesia,” in Proceedings of the 4th International Symposium on Materials and Electrical Engineering (ISMEE 2023):
Empowering  Sustainable Innovation through Emerging Technologies in Materials and Electrical Engineering, 2025,
p. 050015, doi: 10.1063/5.0261223.

Y. Anistyasari, S. C. Hidayati, and Ekohariadi, “The effect of integrated STEM implementation on digital literacy skills: a regression
analysis,” in 2025 15th IEEE Integrated STEM Education Conference, ISEC 2025, 2025, doi: 10.1109/ISEC64801.2025.11147422.

E. Simanjuntak, H. C. Mulya, A. Engry, and I. N. Alfian, “Dataset of digital literacy of university students in Indonesia,” Data in Brief,
vol. 58,2025, doi: 10.1016/j.dib.2024.111227.

A. Morgan, R. Sibson, and D. Jackson, “Digital demand and digital deficit: conceptualising digital literacy and gauging proficiency among
higher education students,” Jouwrnal of Higher Education Policy and Management, vol. 44, no. 3, pp. 258-275, 2022, doi:
10.1080/1360080X.2022.2030275.

N. Press, P. P. Arumugam, and K. Ashford-Rowe, “Defining digital literacy: a case study of australian universities,” ASCILITE
Publications, pp. 255-263, Dec. 2019, doi: 10.14742/apubs.2019.272.

M. R. Santos and M. M. F. Gomes, “Lifelong digital learning: ‘computer literacy,” ‘digital literacy,” and ‘digital competence’ as
dimensions for digital skills,” Revista de Gestao Social e Ambiental, vol. 18, no. 1, 2023, doi: 10.24857/RGSA.V18N1-028.

M. Ngoveni, “Bridging the Al knowledge gap: the urgent need for Al literacy and institutional support,” International Journal of
Technologies in Learning, vol. 32, no. 2, pp. 83-100, 2025, doi: 10.18848/2327-0144/CGP/v32i02/83-100.

N. Barker and L. Harris, “A survey of digital literacy in general education degree requirements at Southern Utah University peer
institutions,” in 2017 International Conference on Computational Science and Computational Intelligence (CSCI), Dec. 2017, pp. 1172—
1175, doi: 10.1109/CSCL.2017.204.

H. Meng, Q. Zhao, X. Wang, J. Shen, Y. Luo, and F. Xie, “The collaborative intelligent mathematics tutoring agent platform,” in
Proceedings-2024 IEEE International Conference on Agents, ICA 2024, 2024, pp. 159-163, doi: 10.1109/ICA63002.2024.00041.

Z. Zulpykhar, K. Kariyeva, A. Sadvakassova, R. Zhilmagambetova, and S. Nariman, “Assessing the effectiveness of personalized
adaptive learning in teaching mathematics at the college level,” International Journal of Engineering Pedagogy, vol. 15, no. 4,
pp- 422, 2025, doi: 10.3991/ijep.v15i4.52797.

A. Phillips, J. F. Pane, R. Reumann-Moore, and O. Shenbanjo, “Implementing an adaptive intelligent tutoring system as an instructional
supplement,” Educational Technology Research and Development, vol. 68, no. 3, 2020, doi: 10.1007/s11423-020-09745-w.

S. W. McPhee and M. Jerowsky, “Beyond technical skills: a pedagogical perspective on fostering critical engagement with generative Al
in university classrooms,” Frontiers in Education, vol. 10,2025, doi: 10.3389/feduc.2025.1593278.

R. Katsenou, K. Kotsidis, A. Papadopoulou, P. Anastasiadis, and 1. Deliyannis, “Beyond assistance: embracing Al as a collaborative co-
agent in education,” Education Sciences, vol. 15, no. 8, 2025, doi: 10.3390/educscil5081006.

R. C. Torres-Pefia, D. Pefia-Gonzalez, E. Chacuto-Lopez, E. A. Ariza, and D. Vergara, “Updating calculus teaching with Al: a classroom
experience,” Education Sciences, vol. 14, no. 9, 2024, doi: 10.3390/educsci14091019.

S. Oh, “Integration of MATH41 and generative Al in pre-service mathematics teacher education: an empirical study on lesson design
competency,” IEEE Access, vol. 13, pp. 128959128973, 2025, doi: 10.1109/ACCESS.2025.3586593.

A. Mahala and B. Chauhan, “How can the Al-generated curriculum gap in teacher education be addressed?”” TechTrends, vol. 69, no. 6,
pp. 11581167, 2025, doi: 10.1007/s11528-025-01102-z.

F. Nursyahidah, Wardono, S. Mariani, and K. Wijayanti, “Integrating technology, Javanese ethnomathematics, and realistic mathematics
education in supporting prospective mathematics teachers’ numeracy skills: a learning trajectory,” Journal on Mathematics Education,
vol. 16, no. 2, pp. 671-688, 2025, doi: 10.22342/jme.v16i2.pp671-688.

A. J. Khurramov et al., “Artificial intelligence in education: analysis and assessment of legal knowledge using Al tools,” Qubahan
Academic Journal, vol. 5, no. 3, pp. 264-293, 2025, doi: 10.48161/qaj.v5n3a2022.

M. M. Chan, M. Rosales, R. Hernandez-Rizzardini, and H. R. Amado-Salvatierra, “Ethical Al in education: a proposed model for
responsible integration,” in 2025 I[EEE Global Engineering Education Conference, 2025, doi: 10.1109/EDUCON62633.2025.11016451.
T. P. & N. Nieveen, Educational design research Part A: an introduction. Enschede, The Netherlands: SLO, 2013.

R. Richard, “Interactive-engagement versus traditional methods: a six-thousand-student survey of mechanics test data for introductory
physics courses,” American Journal of Physics, vol. 1, no. 68, pp. 64-74, 1998.

Developing an Al-integrated mathematics learning model to enhance digital literacy ... (Ahmad Zaki)



2602 O3 ISSN: 2089-9823

[33] F.J. Gravetter, L. B. Wallnau, L. A. B. Forzano, and J. E. Witnauer, Essentials of statistics for the behavioral sciences. 10th ed, Cengage
Learning, 2021.

[34] L. M. Sanchez-Ruiz, S. Moll-Lopez, A. Nuilez-Pérez, J. A. Morafio-Fernandez, and E. Vega-Fleitas, “ChatGPT challenges blended
learning methodologies in engineering education: a case study in mathematics,” Applied Sciences (Switzerland), vol. 13, no. 10, 2023, doi:
10.3390/app13106039.

[35] M. A. Naufal, N. A. Atan, A. H. Abdullah, and M. S. Abu, “Problem solving, based on metacognitive learning activities, to improve
Mathematical reasoning skills of students,” Man in India, vol. 97, no. 12, pp. 213-220, 2017.

[36] J. W. Mwakapina, “The role of artificial intelligence in the future of language teaching and learning practices in higher education,” Pan-
African Journal of Education and Social Sciences, vol. 5, no. 2, pp. 106-122, 2024, doi: 10.56893/pajes2024v05i02.08.

[37] J. M. Ray, “A template analysis of teacher agency at an academically successful dual language school,” Journal of Advanced Academics,
vol. 21, no. 1, pp. 110-141, 2009, doi: 10.1177/1932202X0902100106.

[38] Y.Fanand S. Tangkiengsirisin, “Translanguaging and Metacognitive instruction: effects on listening and metacognitive awareness in CFL
learners,” Arab World English Journal, vol. 16, no. 2, pp. 215-232, 2025, doi: 10.24093/awej/vol16n02.13.

[39] S. Wang, F. Wang, Z. Zhu, J. Wang, T. Tran, and Z. Du, “Artificial intelligence in education: a systematic literature review,” Expert
Systems with Applications, vol. 252, Oct. 2024, doi: 10.1016/j.eswa.2024.124167.

[40] A. Zaki, U. Mulbar, A. Husniati, and M. A. Naufal, “Integrating local wisdom with project-based learning to enhance 2 1st-century skills in
the Society 5.0 era,” Journal of Ecohumanism, vol. 3, no. 7, pp. 1821-1831, 2024, doi: 10.62754/joe.v3i7.4341.

BIOGRAPHIES OF AUTHORS

Ahmad Zaki Bd 2 is an associate professor in the Department of Mathematics
Education at the Faculty of Mathematics and Natural Sciences, Universitas Negeri Makassar,
Indonesia. His research interests focus on mathematics education, the development of
instructional models, applied mathematics, and statistical thinking. He is also involved in
teacher professional development programs. He can be contacted at email:
ahmadzaki@unm.ac.id.

Usman Mulbar © B B8 € js o professor in the Department of Mathematics Education at the
Faculty of Mathematics and Natural Sciences, Universitas Negeri Makassar, Indonesia. His
research focuses on realistic mathematics education, metacognition in mathematics learning,
and the development of innovative teaching models. He can be contacted at email:
u_mulbar@unm.ac.id.

Maya Sari Wahyuni kd 12 is a lecturer in the Department of Mathematics at the
Faculty of Mathematics and Natural Sciences, Universitas Negeri Makassar, Indonesia. Her
research focuses on ICT in mathematics education, computational thinking, and computer
sciences. She can be contacted at email: maya.sari.wahyuni@unm.ac.id.

Muhammad Ammar Naufal B4 2 is an associate professor in the Department of
Mathematics at the Faculty of Mathematics and Natural Sciences, Universitas Negeri
Makassar, Indonesia. He holds a Ph.D. and master’s degree in Mathematics Education from
Universiti Teknologi Malaysia (UTM), Johor Bahru, Malaysia, and a bachelor’s degree from
Universitas Negeri Makassar, Makassar, Indonesia. In 2021, he joined the Department of
Mathematics at the Faculty of Mathematics and Natural Sciences of Universitas Negeri
Makassar as a lecturer. In 2024, he was elected as the secretary of the International Class
Program of Faculty of Mathematics and Natural Sciences, Universitas Negeri Makassar. His
research interests encompass mathematics education, geometric thinking, geometry learning,
and ethnomathematics. He can be contacted at email: ammar.naufal@unm.ac.id.

J Edu & Learn, Vol. 20, No. 4, November 2026: 2594-2602


https://orcid.org/0009-0004-7993-5702
https://scholar.google.com/citations?user=-8vevVoAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57200988490
https://www.webofscience.com/wos/author/record/GQP-8692-2022
https://orcid.org/0000-0002-4992-2597
https://scholar.google.com/citations?user=lhIUCz0AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57193750577
https://orcid.org/0000-0001-7226-7335
https://scholar.google.com/citations?hl=id&user=z3hSaoAAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57200984700
https://orcid.org/0000-0001-6665-4339
https://scholar.google.com/citations?user=9iifp3gAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57195066499
https://www.webofscience.com/wos/author/record/2352136

