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ABSTRACT

Digital transformation in education has accelerated rapidly, presenting
both opportunities and disruptions for traditional Islamic boarding
schools (pesantren) that have long relied on face-to-face, text-centered,
and teacher-led instructional traditions. The shift toward e-learning
environments challenges established pedagogical norms, teacher
authority, and communal learning structures that are central to
pesantren identity. The growing pressure to integrate digital tools
highlights the need to understand how pesantren negotiate pedagogical,
technological, and cultural tensions during this transition. This study
aims to analyze the extent of e-learning adoption, identify the key
challenges faced by teachers and students, and examine how digital
pedagogy aligns—or conflicts—with traditional Islamic educational
practices. A mixed-methods design was employed, combining surveys
from 220 teachers and students in selected pesantren with in-depth
interviews involving kyai, ustadz, and senior students. Descriptive and
inferential analyses were conducted to assess levels of digital
readiness, perceived usefulness of e-learning tools, and barriers
encountered during implementation, while thematic analysis captured
cultural and pedagogical insights. The findings reveal low-to-moderate
levels of digital adoption, constrained primarily by limited
infrastructure, low digital literacy, and concerns about maintaining
adab and discipline in online environments. Teachers reported
significant challenges in designing digital instructional materials, while
students experienced decreased engagement and difficulty adapting to
self-directed learning. Despite these obstacles, some pesantren
demonstrated innovative hybrid models that preserved traditional
learning values while incorporating digital platforms. The study
concludes that successful e-learning transformation requires culturally
responsive digital pedagogy, targeted training for educators, and
institutional strategies that harmonize technology with pesantren’s
spiritual-communal ethos.
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INTRODUCTION

Traditional Islamic boarding schools, or pesantren,
represent one of the oldest and most resilient educational
institutions in Southeast Asia, maintaining deeply rooted
pedagogical traditions centered on kitab kuning, face-to-
face mentoring, and the authority of the kyai (Zaman &
Fajriana, 2025). These institutions emphasize discipline,
communal learning, and religious immersion, forming a
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holistic environment that shapes both intellectual and moral development (Rey-Becerra dkk., 2026).
Their continuity across centuries illustrates remarkable adaptability despite broader societal
changes.

Recent advances in information and communication technologies have reshaped global
education systems, accelerating the shift toward digital learning and remote instruction (Rodolico
dkk., 2025). E-learning platforms, virtual classrooms, and digital learning resources have become
integral components of contemporary pedagogy, particularly following global disruptions such as
pandemics and rapid digital expansion (Amin dkk., 2025). Educational systems worldwide
increasingly rely on digital competencies as essential components of 21st-century learning.

Pesantren have not been exempt from these changes, as external pressures from government
policy, societal expectations, and technological advancement continue to push for modernization in
teaching and learning (Suresman dkk., 2025). Administrators and teachers face growing demands to
integrate digital tools to improve accessibility, instructional quality, and academic competitiveness
(Juhary, 2011). These pressures illustrate the increasing relevance of technology literacy even
within traditional religious institutions.

Existing studies highlight that digital adoption in Islamic schools varies widely, influenced by
infrastructure availability, leadership support, and teacher readiness (Mahmud dkk., 2022). Some
pesantren have begun experimenting with hybrid learning models that combine online platforms
with traditional recitation methods, while others maintain minimal engagement with technology due
to concerns about cultural preservation (Utomo & Martini, 2025). Variability across institutions
demonstrates the complexity of integrating technology in religious learning settings.

Scholars agree that digital pedagogy introduces both opportunities and challenges within
traditional Islamic education. Opportunities arise through enhanced access to resources,
individualized learning, and more efficient administrative processes (Sharifkhani dkk., 2023).
Challenges emerge involving disruptions to established norms, reduced authority of human
teachers, and concerns about preserving adab, discipline, and spiritual concentration in online
environments. These tensions reflect broader global debates about technology’s role in shaping
educational values.

Current discourse acknowledges that the digitalization of learning environments requires
rethinking pedagogical frameworks, training programs, and learning culture. Pesantren leaders
increasingly recognize that technology adoption must align with institutional identity and religious
mission. Effective integration depends not only on technological readiness but also on cultural
compatibility, teacher beliefs, and organizational willingness to adapt (Dayal, 2023). This dynamic
underscores the need for deeper analysis of how pesantren navigate digital transformation.

Limited research explains how traditional pesantren negotiate tensions between digital
innovation and deeply established pedagogical-pietistic traditions (Jonathan, 2025). The internal
decision-making processes, cultural negotiations, and practical adaptations occurring during digital
adoption remain insufficiently explored. This knowledge gap restricts a full understanding of how
technology interacts with the religious learning ecosystem.

Little is known about the specific digital pedagogical challenges experienced by teachers and
students within pesantren environments. Existing studies often generalize e-learning adoption in
Islamic schools without differentiating the unique structural, cultural, and epistemological
characteristics of pesantren learning (Huangfu dkk., 2025). The absence of context-specific insights
reduces the effectiveness of policy and training recommendations.

Evidence remains scarce regarding how pesantren communities perceive the impact of digital
tools on religious discipline, memorization practices, and interpersonal spiritual guidance (Maita
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dkk., 2024). The cultural sensitivity embedded in pesantren education suggests that digital
transformation carries implications beyond academic performance, affecting ethical formation and
communal cohesion (Barkoczi & Roman, 2025). These dimensions require deeper empirical
examination.

Current literature provides minimal comparative data on varying adaptation strategies across
different pesantren types—salaf, khalaf, urban-based, and rural-based (Kovalchuk dkk., 2025).
Diverse institutional identities suggest that each pesantren may respond uniquely to technological
disruption (Semerikov dkk., 2025). Understanding these differences is essential for developing
scalable and culturally responsive digital education frameworks.

Investigating e-learning adoption in pesantren is essential for informing educational policy
and supporting institutions in transitioning toward sustainable, culturally aligned digital ecosystems
(Aborisade, 2009). A clearer understanding of the pedagogical and cultural challenges will allow
policymakers, educators, and Islamic organizations to design solutions that respect the unique
identity of pesantren while improving instructional quality.

Identifying specific obstacles—such as digital literacy gaps, infrastructural limitations, or
resistance due to cultural concerns—enables the development of targeted interventions, training
modules, and hybrid learning models that preserve religious values while leveraging technological
strengths (Mavrikis dkk., 2019). Such insights ensure that digital transformation enhances, rather
than disrupts, the spiritual and academic missions of pesantren.

This study hypothesizes that the success of e-learning adoption in pesantren depends not only
on technological access but also on cultural negotiation, teacher readiness, and institutional
leadership (Suresh Babu dkk., 2025). Filling this gap provides a conceptual and empirical
foundation for designing digital pedagogy frameworks that integrate tradition with innovation,
supporting pesantren in navigating educational disruption in a rapidly digitalizing world.

RESEARCH METHODOLOGY

The study employed a mixed-methods research design to capture both the measurable patterns
of e-learning adoption and the deeper cultural-pedagogical dynamics occurring within traditional
Islamic boarding schools (Muthmainnah dkk., 2025). The quantitative component utilized a
descriptive—inferential survey to assess levels of digital readiness, perceived usefulness of e-
learning tools, and specific obstacles encountered by teachers and students. The qualitative
component incorporated interviews, focus groups, and document analysis to explore the cultural
negotiations, pedagogical concerns, and institutional responses shaping technology integration
within pesantren (Unsriana dkk., 2025). The combined design ensured a holistic understanding of
the disruptions, enabling triangulation of numerical trends and rich contextual insights.

The population consisted of teachers, administrators, and students from selected traditional
Islamic boarding schools representing both salaf and khalaf pesantren in Indonesia. The sample
included 220 respondents for the survey phase, selected through stratified sampling to ensure
representation across institutional roles, gender groups, and pesantren typologies. A smaller
qualitative subsample of 24 participants—comprising kyai, senior ustadz, and student leaders—was
purposively selected to obtain varied perspectives on digital transformation and pedagogical
adaptation. The sampling strategy ensured that the dataset reflected instructional, administrative,
and learner experiences within diverse pesantren environments.

The quantitative data were collected using a structured questionnaire consisting of Likert-
scale items measuring digital competency, perceived challenges, infrastructure readiness, and
acceptance of e-learning tools (Liu dkk., 2025). The instrument also included items adapted from
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established technology acceptance frameworks such as the Technology Acceptance Model (TAM)
and the Digital Readiness Index to enhance validity (Aboderin dkk., 2025). Qualitative data were
obtained through semi-structured interview guides designed to elicit narratives about cultural
tensions, pedagogical adjustments, and institutional strategies for managing disruption. Additional
supporting instruments included observation sheets and school document review protocols focusing
on digital policies, teaching schedules, and learning materials.

Data collection proceeded in two sequential phases, beginning with the administration of
online and paper-based surveys in participating pesantren. Respondents completed the instruments
during scheduled academic sessions under the supervision of trained research assistants to ensure
clarity and reduce response bias (Yong dkk., 2019). Interview sessions were conducted in person
within pesantren settings, allowing researchers to observe learning environments, teacher—student
interactions, and existing technological facilities. Data from all sources were transcribed, coded, and
analyzed using both statistical software—employing descriptive and inferential techniques—and
qualitative thematic analysis (Mclntyre, 2012). Integration of the findings occurred during the
interpretation stage to generate a comprehensive understanding of e-learning adoption and digital
pedagogy challenges within traditional Islamic boarding schools.

RESULT AND DISCUSSION

The descriptive statistics indicate that overall e-learning adoption in traditional Islamic
boarding schools remains at a low-to-moderate level. Survey results show that 62% of teachers
reported limited confidence in using digital tools, while 58% of students indicated difficulties in
navigating online learning platforms. Infrastructure readiness was also constrained, with only 41%
of pesantren reporting stable internet connectivity and adequate device availability. These results
highlight a foundational technological gap that restricts smooth implementation of digital learning
environments.

70%

Figure 1. The Digital Divide in Traditional Islamic Education: Adoption and Infrastructure

The descriptive data also reveal significant variations across pesantren types. Khalaf (modern)
pesantren reported higher digital readiness scores compared to salaf (traditional) institutions,
particularly in the areas of learning management system (LMS) usage and digital resource access.
Students in modern pesantren demonstrated greater familiarity with multimedia learning, whereas
students in traditional pesantren relied heavily on face-to-face recitation and kitab kuning
methodologies. These descriptive trends point toward structural disparities in technological
integration.

Table 1. Descriptive Statistics of E-Learning Readiness in Pesantren

Category Percentage (%) Description
Teacher digital confidence  38% high, 62% low Majority report limited skill
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Category Percentage (%0) Description
Student platform proficiency 42% high, 58% low More than half struggle using LMS
Internet stability 41% adequate, 59% poor Limited infrastructure
Device availability 45% adequate, 55% inadequate Many rely on shared devices
Institutional support 50% supportive, 50% weak  Leadership varies significantly

The descriptive patterns suggest that technological constraints shape the overall trajectory of
e-learning adoption in pesantren. Limited connectivity, insufficient devices, and low digital
competence result in uneven integration across subjects and grade levels. Institutions with stronger
administrative support showed better readiness, indicating the central role of leadership in digital
transformation. Teachers in these environments were more willing to experiment with digital
methods and reported fewer pedagogical disruptions. The explanatory analysis further reveals that
cultural perceptions also play a significant role. Many teachers expressed concerns about
maintaining discipline, spiritual focus, and adab during online learning sessions. Students reported
reduced feelings of communal learning, which traditionally forms the core of pesantren pedagogy.
These cultural and pedagogical concerns help explain the cautious approach to digital adoption,
reflecting the need to balance innovation with preservation of religious educational values.

The qualitative data indicate that teachers experience difficulty redesigning instructional
activities to suit online platforms. Several ustadz noted that kitab kuning learning—traditionally
dependent on oral commentary and direct teacher presence—is challenging to translate into
asynchronous digital formats. Students echoed these sentiments, explaining that virtual sessions
reduce opportunities for clarification and immediate feedback, resulting in decreased
comprehension and engagement. The interview data also highlight that pesantren with preexisting
exposure to digital tools adapted more quickly. These institutions employed multimedia lectures,
recorded recitations, and online discussion groups to complement face-to-face learning.
Administrators reported improved efficiency in communication and resource sharing, suggesting
that digital tools, when used appropriately, enhance instructional management without undermining
traditional practices.

The inferential results from the independent samples t-test reveal significant differences in
digital readiness between salaf and khalaf pesantren (p < 0.01). The mean digital readiness score for
khalaf pesantren (M = 3.78) exceeded that of salaf pesantren (M = 2.91), indicating that institutional
modernization correlates with higher acceptance of e-learning tools. Regression analysis further
showed that teacher digital literacy significantly predicts perceived e-learning effectiveness (B =
46, p < .001). The inferential results also show that infrastructure quality significantly predicts
student engagement in online learning environments (B = .39, p < .01). Pesantren with stable
internet and adequate devices reported higher student attendance and more consistent participation
in digital tasks. These findings confirm the structural determinants of digital adoption, illustrating
how technological capacity shapes educational outcomes.

Table 2. Inferential Statistics of Digital Readiness Factors

Variable Coefficient (B) Significance (p)
Teacher digital literacy — E-learningeffectiveness .46 <.001
Infrastructure — Student engagement 39 <.01
Leadership support — Digital adoption 33 <.05
Pesantren type (salaf vs khalaf) — Readiness — <.01
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Variable Coefficient (B) Significance (p)
score
Student digital habit — Participation .28 <.05

The relationship between digital literacy and adoption demonstrates that teachers' readiness
directly influences the pace of pedagogical transformation. Higher digital competence correlates
with greater enthusiasm for digital tools, more experimentation with e-learning features, and better
student outcomes. This relational pattern underscores the centrality of teacher capacity building in
any digital integration effort. Leadership support also strengthens these relationships by creating an
environment conducive to innovation. The relational analysis between infrastructure and student
engagement reveals a clear structural dependency. Students in pesantren with stable digital facilities
participated more actively in synchronous sessions, submitted assignments more consistently, and
interacted more frequently with instructors. These relational patterns confirm the interplay between
technological and pedagogical factors, each reinforcing the other to shape learning experiences.

The case study of a rural salaf pesantren highlights significant challenges in transitioning to e-
learning. Teachers reported difficulty conducting online recitations due to weak internet
connectivity and lack of devices among students. Several students joined sessions using shared
smartphones, resulting in reduced audio quality and fragmented learning experiences.
Administrators acknowledged that digital learning disrupted traditional study routines and
weakened the sense of communal learning central to pesantren identity. The contrasting case study
of an urban khalaf pesantren demonstrates a more successful digital transition. The institution
utilized a structured LMS, provided digital training for teachers, and incorporated multimedia
Qur’anic recitation tools. Students described a smoother learning experience, citing improved
access to materials and better flexibility in completing assignments. The teachers noted that digital
platforms enabled them to monitor student progress more effectively.

The contrasting case studies illustrate the diversity of adaptation experiences among
pesantren. Rural institutions face deeper structural and cultural barriers that amplify disruptions
during digital adoption. Limited resources, strong adherence to traditional learning styles, and
minimal technological exposure hinder the establishment of digital routines. These factors
collectively explain the low engagement levels observed in the descriptive data. The urban
pesantren case underscores how institutional investment and openness to innovation enable
smoother transitions. Teachers who received digital training reported greater confidence, while
students benefitted from integrated hybrid learning models. This synthesis explains the significant
statistical differences between pesantren types and highlights the influence of institutional culture
on digital adaptability.

The results collectively indicate that digital pedagogy adoption in traditional Islamic boarding
schools is shaped by a combination of technological capacity, cultural values, and teacher readiness.
Integration efforts succeed when supported by adequate infrastructure, leadership endorsement, and
pedagogical training. Institutions lacking these conditions experience deeper disruptions and
reduced student engagement. The overall interpretation suggests that e-learning implementation in
pesantren is not simply a technological challenge but a cultural-pedagogical negotiation. Digital
tools must be aligned with the spiritual, communal, and disciplinary traditions of pesantren to be
effective. These findings reinforce the need for culturally responsive approaches to digital
transformation within Islamic educational contexts.

The findings demonstrate that e-learning adoption in traditional Islamic boarding schools
remains uneven, with overall readiness levels categorized as low to moderate. Teachers and
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students reported significant challenges related to digital literacy, infrastructure limitations, and
difficulty adapting pesantren’s oral and communal learning model to online platforms (Qumbisa &
Awuzie, 2025). Quantitative data highlighted structural constraints, while qualitative insights
revealed deep cultural concerns related to maintaining discipline, adab, and spiritual immersion
during digital learning. The results show clear disparities between salaf and khalaf pesantren, with
modern institutions displaying higher digital readiness and better integration of online tools.
Statistical analyses confirmed significant differences in digital adoption based on institutional type,
leadership support, and technological access (Ursachi dkk., 2025). Case study findings further
illustrated contrasting experiences, where urban pesantren demonstrated smoother transitions while
rural pesantren faced persistent barriers.

The findings also indicate that teacher capacity plays a central role in digital transformation.
Institutions with systematic digital training programs showed stronger adoption rates and more
innovative instructional practices. Students in these environments reported higher engagement and
greater satisfaction with blended learning models, suggesting that pedagogical readiness is as
critical as technological readiness (Adi Badiozaman dkk., 2022). The combined results portray
digital adoption as a complex interaction between technology, culture, and pedagogy. Pesantren do
not reject technology categorically but engage in selective, negotiated adoption shaped by religious
values, institutional identity, and perceived threats to traditional learning. The findings thus reflect a
nuanced form of disruption management rather than outright acceptance or resistance.

Existing literature on digital adoption in Islamic schools identifies digital literacy and
infrastructure as dominant barriers, and the present study aligns with these findings. The patterns
observed in this research confirm global trends indicating that traditional educational institutions
experience greater resistance and slower adoption than modern schools (Sadasivan dkk., 2025). The
similarity suggests that pesantren are influenced by the universal structural constraints facing low-
resource educational communities. Comparative studies on religious education emphasize the
importance of cultural compatibility for successful ICT integration, and the current results reinforce
this claim. The insistence on maintaining adab and teacher authority mirrors concerns raised in
previous studies from Middle Eastern madrasas and South Asian Islamic seminaries. The
consistency across different cultural contexts points to a shared pedagogical ethos within Islamic
education.

The findings diverge from research that assumes technology inherently improves learning
effectiveness regardless of context. The results here show that digital tools can weaken pedagogical
foundations when implemented without cultural alignment or teacher readiness. This contrast
highlights the limitations of techno-centric approaches that overlook the socio-religious dynamics
shaping learning environments. The study contributes new perspectives by demonstrating that
pesantren engage in adaptive, hybrid strategies rather than binary acceptance or rejection. Previous
research tends to categorize Islamic institutions as resistant to modernization, but the present study
reveals a more flexible and contextually informed form of negotiation (Borazon dkk., 2025). This
difference enriches the discourse by portraying pesantren as active agents in shaping their digital
futures.

The findings indicate that digital disruption is not solely a technological event but a cultural-
pedagogical negotiation within pesantren. The tensions observed between maintaining traditional
learning values and adopting modern platforms reflect the institution’s effort to preserve its identity
in the digital era (Yan, 2025). This negotiation signifies that pesantren value continuity of tradition
while acknowledging the educational demands of contemporary society. The results highlight that
digital learning challenges deeply held assumptions about authority, community, and discipline in
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Islamic education. E-learning shifts certain forms of control from teachers to students and
technologies, signaling a transformation in how religious knowledge is transmitted. This shift marks
a critical stage in the evolution of pesantren pedagogy, where sacred traditions encounter digital
autonomy.

The variability across pesantren indicates that institutional culture plays a decisive role in
shaping responses to digital disruption. Institutions with a modern orientation showed adaptability,
whereas traditional pesantren exercised caution rooted in concerns about spiritual integrity. This
pattern suggests that digital transformation mirrors broader debates on modernization within Islamic
communities (Ali dkk., 2025). The findings also signal the emergence of new hybrid pedagogical
models that integrate technology without abandoning tradition. Examples include digital recitation
tools, online kitab kuning forums, and structured LMS-based discussion groups. These innovations
point toward a future where pesantren develop culturally grounded digital ecosystems capable of
strengthening their educational missions.

The results hold significant implications for policymakers, educational designers, and
pesantren leaders. Digital transformation cannot be approached as a purely technical initiative; it
requires cultural sensitivity, teacher preparation, and long-term institutional support. Policies must
reflect the unique spiritual and communal functions of pesantren to avoid misalignment between
digital expectations and traditional values (Nikolopoulou, 2023). The findings imply that
investment in digital infrastructure alone is insufficient to ensure successful e-learning adoption.
Teacher training and pedagogical redesign emerge as essential components of digital readiness.
Institutions that focus on these aspects are more likely to integrate digital tools effectively and
sustain learning quality during disruptions.

The study suggests that e-learning can expand access to educational resources in pesantren,
particularly for students who require differentiated learning support. Digital platforms provide
opportunities for personalized feedback and flexible learning pathways, indicating potential benefits
for academic performance when appropriately contextualized (Bose dkk., 2025). These implications
encourage the development of pesantren-specific digital learning frameworks. The broader
implication concerns the role of digital literacy in maintaining institutional resilience. Pesantren
capable of integrating technology in culturally coherent ways may enhance their relevance and
sustainability in the modern educational landscape. This perspective positions digital adoption not
as a threat but as an opportunity for institutional strengthening.

The disparities in digital adoption stem from differences in institutional culture, leadership
orientations, and historical teaching traditions. Pesantren with strong modernist leanings tend to
embrace innovation more readily, while traditional institutions maintain cautious approaches based
on theological and pedagogical considerations. This cultural differentiation explains the statistical
differences between salaf and khalaf pesantren (Linda, 2024). The challenges reported by teachers
and students arise from longstanding pedagogical norms that emphasize oral transmission, direct
mentorship, and communal study. E-learning disrupts these norms by decentralizing authority and
shifting learning responsibilities toward students. These structural changes create friction, which is
reflected in the slow adoption patterns observed in the study.

The limited digital literacy among teachers contributes significantly to the difficulties
experienced during digital transitions. Many educators lack formal training in instructional
technology design, making them hesitant to adopt new tools (Wong dkk., 2020). This skill gap
explains the reliance on traditional methods despite the availability of digital platforms. The uneven
infrastructure across pesantren contributes to inconsistent adoption outcomes. Rural institutions face
greater logistical challenges, resulting in poor connectivity and device shortages that undermine
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digital learning efforts. These constraints explain why even willing pesantren struggle to implement
e-learning effectively.

The results call for the development of culturally responsive digital pedagogy frameworks
tailored specifically for pesantren. Training programs must address both technological skills and
methods for harmonizing digital practices with Islamic educational values. Institutional leaders need
to play an active role in guiding these transformations to ensure continuity of tradition (Hamzaoui
dkk., 2024). The findings highlight the need for long-term capacity-building initiatives focused on
teacher digital competence. Continuous professional development, mentorship, and peer learning
networks can help teachers adapt to digital demands without feeling overwhelmed. Strengthening
teacher agency will improve the sustainability of e-learning integration.

The study points toward the importance of designing hybrid models that preserve communal
learning while leveraging digital efficiency. Blended approaches such as digital recitation
assistance, online discussion forums, and LMS-based assignments can enhance learning without
replacing the central role of the kyai and ustadz (Ali Abegaz & Ngassam, 2019). These models offer
a balanced pathway forward. The next phase of research should expand the scope to multiple
regions and pesantren affiliations, enabling comparative analyses that capture broader trends. Future
studies may also explore long-term impacts on student spiritual development and the role of digital
tools in shaping contemporary pesantren identity (Hargis dkk., 2014). These directions will deepen
understanding of how Islamic education evolves amid digital transformation.

CONCLUSION

The most significant finding of this study lies in the identification of digital disruption as both
a pedagogical and cultural challenge within traditional Islamic boarding schools, revealing that e-
learning adoption is shaped not only by technological readiness but also by the preservation of
pesantren identity, communal learning norms, and the central authority of the kyai. This study
differs by demonstrating that digital integration in pesantren is not a simple progression from
traditional to modern methods, but rather a negotiated process characterized by selective adaptation,
hybridization, and cultural filtering. The dual influence of structural constraints and theological—
pedagogical values emerged as the defining feature that distinguishes pesantren from other
educational institutions undergoing digital transformation.

The primary contribution of this research lies in its conceptual advancement of a culturally
responsive digital pedagogy framework tailored specifically for Islamic boarding schools,
integrating technological, cultural, and religious dimensions into a single analytical model. The
study enriches the literature by combining mixed-methods analysis with ethnographically informed
insights, producing a holistic understanding of how digital tools interact with pesantren traditions.
The methodological integration of quantitative digital readiness metrics with qualitative cultural
narratives provides a replicable and context-sensitive approach for examining technology adoption
in religious education systems, offering a new lens through which policymakers and educators can
design interventions aligned with Islamic educational values.

The study’s limitations stem from its focus on a limited sample of pesantren and the relatively
short time frame of data collection, which may not fully capture long-term adaptation patterns or
regional variations in digital adoption. The reliance on self-reported data introduces potential biases
related to social desirability and institutional reputation, while infrastructural differences across
schools constrain the generalizability of the findings. Future research should extend to longitudinal
studies examining sustained behavioural, cultural, and pedagogical transformations; cross-regional
comparisons to map national adoption trends; and deeper investigations into the spiritual, ethical,
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and identity-related implications of digital learning within pesantren communities, enabling a more
comprehensive understanding of how traditional Islamic education evolves under conditions of
technological disruption.
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