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Abstract. This study developed and evaluated a cross-device learning 
management system (LMS) to enhance students’ digital literacy (DL) 
and historical engagement (HE) in Indonesian secondary history 
education. Using a research and development approach guided by the 

Analysis, Design, Development, Implementation, and 
Evaluation (ADDIE) model, the study involved 500 Grade XI students 

and 12 history teachers from four public senior high schools in 
Bandung. The LMS was implemented for six weeks through blended 
learning activities using source analysis, discussion forums, timeline 
construction, reflective portfolios, and analytics-based feedback. 
Expert validation showed that the LMS had strong content relevance, 
usability, and pedagogical integration. Pre-test and post-test results 
indicated significant improvements in DL and HE, with moderate-to-
high normalized gains. LMS analytics also showed high student 
participation across learning modules, while user evaluation confirmed 
strong content relevance, interactivity, usability, and pedagogical 
value. The findings suggest that a pedagogically structured cross-
device LMS can transform history learning from content delivery into 
an interactive digital ecosystem that supports source evaluation, 
collaborative inquiry, and reflective participation. This study 
contributes a validated digital history learning model aligned with the 
Merdeka Curriculum and relevant to technology-enhanced secondary 
education. 
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1. Introduction 
The rapid growth of digital technology has transformed history education and 
increased the need for student-centered learning environments that promote 
digital competence and active participation, as emphasized in Indonesia’s 
Merdeka Curriculum (Fahruddin et al., 2025). However, history learning in many 
secondary schools still relies on lectures and textbooks, limiting students’ digital 

literacy and meaningful engagement with historical resources.  
 
LMS offer strong potential to support technology-enhanced learning through 
interactive and collaborative features that improve participation, flexibility, and 
critical engagement with digital information (Bures et al., 2022; Tirado-Olivares, 
2021). Interactive digital environments can also strengthen students’ emotional, 
cognitive, and behavioral engagement in history learning (Temerbayeva et al., 
2023; Villarino, 2025). Nevertheless, many LMS implementations remain focused 
on administrative functions rather than integrating DL and HE within flexible 
cross-device learning environments (Brohinsky, 2023). 
 
Based on these challenges, this study aims to develop a cross-device LMS to 
enhance students’ DL and HE in Indonesian secondary history education. Unlike 
previous studies that discussed DL, student engagement, or LMS implementation 
separately, this study integrates them into a unified LMS framework designed 
specifically for history learning (Cristina et al., 2020; Domenici, 2023). The system 
includes digital historical archives, collaborative discussion forums, interactive 
learning modules, and reflective activities that allow students to engage more 
actively with historical content across different devices (Idacavage & McAndrews, 
2024; Lampropoulos, 2024).  
 
This study employed the Analysis, Design, Development, Implementation, and 
Evaluation (ADDIE) development model and involved students and history 
teachers from four public secondary schools in Bandung, Indonesia: SMA Negeri 
2 Bandung, SMA Negeri 3 Bandung, SMA Negeri 6 Bandung, and SMA Negeri 9 
Bandung. The findings are expected to contribute theoretically to discussions on 
digital transformation in history education and practically to technology-
supported history learning aligned with the Merdeka Curriculum. 
 
In recent years, the widespread use of smartphones, tablets, and personal 
computers among secondary students has made cross-device learning 
increasingly important (Sorina, 2024). Cross-device LMS platforms allow students 
to access materials, join discussions, and complete learning activities more 
flexibly, regardless of time and location. This flexibility is especially relevant in 
history education, where students need to engage with various historical 
resources, such as digital archives, multimedia narratives, maps, documentaries, 
and online sources (Bures et al., 2022; Granado-Peinado & Huertas, 2023). 
Previous studies indicate that accessible digital learning systems can improve 
participation and engagement when they support smooth interaction across 
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devices. However, many digital learning systems still face problems related to 
usability, inconsistent interface design, unequal access, and weak pedagogical 
integration. As a result, students’ interaction with digital historical resources often 
becomes fragmented and superficial, limiting the potential of LMS platforms to 
support deeper engagement and sustainable DL development (Nygren et al., 
2019).  
 
In response to these limitations, this study positions the cross-device LMS not only 
as a digital instructional tool, but also as an integrated learning ecosystem that 
supports active historical participation and digital competency development 
(Abuhassna et al., 2021; Tirado-Olivares, 2021). The proposed LMS framework 
emphasizes accessibility, interactivity, collaborative inquiry, and reflective 
learning to help students engage with historical content more critically and 
meaningfully.  
 
Through discussion-based learning, digital source exploration, and interactive 
modules, the system is expected to strengthen students’ behavioral, cognitive, and 
emotional engagement while also improving their DL in history learning (Lu et 
al., 2021; Nussbaum et al., 2021). Therefore, this study offers conceptual and 
practical contributions by presenting an empirically validated cross-device LMS 
model designed for Indonesian secondary history education. It also responds to 
current educational demands for adaptive, technology-supported, and student-
centered learning environments that support digital transformation in education. 
 
Despite the growing research on technology-enhanced learning, studies that 
specifically integrate DL and HE within history-oriented LMS environments 
remain limited, especially in developing countries (Corrales et al., 2024; Marín et 
al., 2022). Existing studies often view DL as a general technological skill or 
examine student engagement in broad e-learning contexts, without addressing 
the specific needs of history education. Many digital learning studies in history 
classrooms still focus on content delivery and academic achievement, rather than 
how digital platforms can support students’ interaction with historical narratives, 
interpretation, and collaborative inquiry (Efiloğlu Kurt, 2023; Martinez & 
Montoya, 2023).  
 
In addition, previous LMS studies rarely highlight cross-device accessibility as an 
important pedagogical feature for continuous learning inside and outside the 
classroom. This issue is important because secondary students increasingly use 
multiple digital devices in their daily learning activities. Therefore, a more 
comprehensive LMS framework is needed to combine technological accessibility 
with pedagogical strategies that strengthen DL and HE at the same time. 
 
Accordingly, this study addresses these gaps by designing and validating a cross-
device LMS framework specifically for secondary history education in Indonesia. 
The framework was developed through an ADDIE-based research and 
development process. The LMS is designed not only to provide digital learning 
access, but also to encourage collaborative historical discussions, digital source 
analysis, reflective learning, and interactive historical exploration across multiple 
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devices (Fadli et al., 2022; Mulyana & Kurniawati, 2020). By combining 
pedagogical and technological components, this study offers a more holistic 
model of digital history learning aligned with contemporary educational needs 
and the Merdeka Curriculum. Ultimately, this research is expected to support the 
development of digital pedagogy in history education and provide practical 
guidance for teachers, curriculum developers, and schools in creating more 
engaging and digitally responsive learning environments (Ofianto et al., 2022; 
Pratama et al., 2024). 
 
The significance of this study lies in its response to the broader challenges of 
educational digitalization in Indonesian secondary schools. Although digital 
technology use has increased, its implementation often remains uneven due to 
differences in infrastructure, accessibility, and teachers’ pedagogical readiness. In 
history education, these challenges are further strengthened by conventional 
teaching practices that often position students as passive recipients of historical 
information (Zulkarnain et al., 2025). As a result, opportunities for active historical 
participation and meaningful digital interaction remain limited. By introducing a 
cross-device LMS designed for history learning, this study shows how technology 
can support not only instructional efficiency, but also inclusive, interactive, and 
student-centered learning. Through flexible access, collaborative spaces, and 
digital historical resources, the LMS is expected to help students construct 
historical understanding while strengthening their digital competencies. 
 
Furthermore, this study contributes to the growing discourse on digital pedagogy 
by emphasizing the need to align technological innovation with pedagogical goals 
in history education. The proposed LMS framework shows that effective digital 
learning should not only focus on technical functions, but also support 
meaningful interaction, reflective learning, and sustained student engagement 
with historical content. Through the development and evaluation of the cross-
device LMS, this study provides evidence that technology-enhanced history 
learning can strengthen DL and HE when designed through an integrated 
pedagogical approach.  
 
The findings are expected to inform policymakers, curriculum developers, and 
history teachers in implementing adaptive and digitally responsive learning 
systems. Thus, digital transformation in education should be understood not 
merely as technology adoption, but as a comprehensive effort to redesign learning 
experiences that are more participatory, accessible, and relevant to twenty-first-
century learning demands. 
 

2. Literature Review 
2.1 DL in Secondary History Education 
DL has become an essential competency in contemporary education, especially as 
learning environments are increasingly shaped by digital technologies and online 
information systems. It is not limited to the ability to operate digital devices, but 
also includes the capacity to access, evaluate, interpret, create, and communicate 
information effectively in digital contexts. In schools, DL is closely related to 
students’ ability to critically navigate digital information ecosystems filled with 
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rapidly circulating data, multimedia content, and online sources (Adway, 2023). 
As students increasingly depend on digital platforms for learning, DL has become 
a foundational educational skill rather than a supporting technological ability. 
Therefore, schools are expected to provide learning environments that help 
students interact with digital information responsibly and reflectively. In this 
sense, DL involves not only technical skills, but also cognitive, ethical, and 
communicative dimensions that shape how students construct knowledge in 
digital learning spaces (Ajani, Govender, et al., 2026; Wang et al., 2024). 
 
In history education, DL is especially important because students now encounter 
many digital historical resources, online archives, multimedia narratives, and 
interactive historical materials. History learning requires students not only to 
understand historical facts, but also to interpret digital sources, evaluate the 
credibility of online information, and critically engage with different historical 
perspectives presented through digital media (Darsono et al., 2024; Kwangmuang 
et al., 2021). Studies show that digital learning environments can support more 
flexible and participatory interaction with historical knowledge.  
 
DL in history also includes the ability to contextualize historical information, 
identify bias in digital narratives, and construct historical understanding through 
digital inquiry. However, many history classrooms still use digital tools mainly 
for content delivery rather than for developing deeper digital historical literacy. 
As a result, students’ engagement with digital historical information often 
remains procedural and superficial, limiting critical inquiry and meaningful 
historical interpretation (Neuhaus & Vogt, 2022; Wang, 2024). 
 
Integrating DL into secondary history education requires pedagogical approaches 
that connect technological access with meaningful learning experiences. LMSs 
have strong potential to support this development when designed with 
interactive, collaborative, and inquiry-oriented features. However, DL does not 
develop simply through the availability of technology, but through how 
technology is structured pedagogically within the learning environment. Previous 
studies emphasize that poorly designed digital learning systems may lead 
students to consume information passively rather than construct knowledge 
actively (Limonthy & Madyatmadja, 2024; Muharni et al., 2025).  
 
Therefore, cross-device LMS environments tailored for history education are 
important to help students interact critically and responsibly with digital 
historical content. This approach positions DL not merely as a result of 
technological exposure, but as a competency developed through active 
participation, collaborative exploration, and reflective engagement in digital 
history learning (Brohinsky, 2023). 
 
2.2. HE in Technology-Enhanced Learning 
Student engagement is a central concept in educational research because it is 
closely related to participation, academic achievement, and meaningful learning. 
In general, engagement refers to students’ cognitive, emotional, and behavioral 
involvement in learning activities (Efiloğlu Kurt, 2023; Fairless Nicholson, 2023). 



1129 
 

 
http://ijlter.org/index.php/ijlter 

Cognitive engagement shows students’ effort to understand materials and solve 
academic problems, emotional engagement relates to interest, motivation, and 
emotional connection, while behavioral engagement reflects active participation 
in classroom tasks and interactions. In digital learning environments, engagement 
becomes more important because technology-mediated learning requires self-
regulation, autonomy, and active participation (Cristina et al., 2020; Marín et al., 
2022). Therefore, educational technology should not only deliver content 
efficiently, but also create interactive experiences that maintain students’ 
attention, motivation, and participation throughout the learning process. 
 
In history education, HE refers to students’ active involvement in exploring, 
interpreting, and reflecting on historical knowledge and narratives. History 
learning is no longer limited to memorizing chronological events but is 
understood as an interpretative and participatory process built through inquiry, 
discussion, and interaction with historical sources. Studies show that interactive, 
technology-supported learning can strengthen students’ cognitive and emotional 
engagement by providing access to multimedia resources, collaborative 
discussions, and inquiry-based activities (Corrales et al., 2024; Msila, 2021). Digital 
history environments also allow students to connect more personally with 
historical issues through multimedia exploration, reflection, and discussion.  
 
However, many technology-based history practices still emphasize information 
transmission, causing students to remain passive consumers rather than active 
participants in historical interpretation and inquiry (Al Maani & Shanti, 2023; 
Vinco et al., 2019). The effectiveness of HE in digital learning depends on how 
technology is integrated with pedagogical strategies that promote interaction, 
collaboration, and reflection. Simply introducing digital platforms does not 
automatically improve engagement if learning remains teacher-centered and 
procedural. Studies emphasize that meaningful engagement requires 
environments that support social interaction, collaborative inquiry, and authentic 
knowledge construction (Darmawan et al., 2025; Sousa et al., 2022).  
 
Therefore, technology-enhanced history learning should enable students to 
interact actively with historical content through discussion, digital source 
analysis, reflective activities, and inquiry-oriented learning. In this sense, HE 
should not be seen only as behavioral participation in digital activities, but also as 
emotional connection, interpretative involvement, and sustained intellectual 
interaction with historical knowledge in digital learning ecosystems (Ajani, 
Gamede, et al., 2026; Jalil et al., 2024). 

 
2.3 Cross-Device Learning Management Systems in Digital History Learning 
The development of LMS has transformed education by providing digital spaces 
for content delivery, communication, assessment, and collaboration. Today, LMS 
platforms are expected not only to serve administrative functions, but also to 
become integrated learning ecosystems that support flexible, student-centered, 
and technology-enhanced learning (Goh, 2025; Utami et al., 2021). Cross-device 
learning expands this role by allowing students to access materials and participate 
in activities through smartphones, tablets, and computers. This flexibility is 
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important in secondary education because students increasingly learn in both 
formal and informal digital contexts (Fitrah et al., 2025; Goh & Yang, 2021). Cross-
device accessibility helps students continue learning beyond the classroom 
regardless of location or platform. Therefore, cross-device LMS environments are 
essential infrastructures for adaptive and inclusive learning in digitally connected 
education. 
 
In history education, cross-device LMS platforms can enrich students’ interaction 
with historical content through interactive and participatory learning experiences. 
Digital history learning can provide access to online archives, multimedia 
narratives, virtual exhibitions, discussion forums, and collaborative inquiry 
activities that are difficult to achieve through conventional instruction alone 
(Qaddumi & Smith, 2024; Suryani et al., 2024). Studies show that technology-
enhanced history learning can improve engagement and participation when 
systems are designed to support interaction, exploration, and collaborative 
knowledge construction (Sari et al., 2026). Cross-device access also allows 
students to interact with historical resources more continuously and 
independently. However, many LMS implementations still focus on content 
management and assignment submission rather than meaningful historical 
inquiry. As a result, digital learning often reproduces teacher-centered practices 
without transforming students’ learning experiences or developing digital 
historical literacy (Ubaidah et al., 2026). 
 
The effectiveness of cross-device LMS implementation depends on how well 
technology is integrated with pedagogical principles that support interaction, 
collaboration, and reflective inquiry. Technology alone cannot ensure meaningful 
learning transformation if platforms do not encourage active participation and 
knowledge construction. Studies indicate that poorly integrated digital systems 
may create fragmented learning, passive content consumption, and superficial 
engagement (Asri et al., 2024; Handayani et al., 2026). Therefore, a cross-device 
LMS for history education should emphasize both technological accessibility and 
pedagogical integration to support DL and HE at the same time.  
 
In this study, the LMS is positioned as a digital learning ecosystem that facilitates 
collaborative inquiry, digital source exploration, reflective learning, and 
interactive participation across devices (Al-Fraihat et al., 2025; Limonthy & 
Madyatmadja, 2024). This approach reflects a shift from technology-centered 
implementation toward pedagogy-driven digital learning design in 
contemporary history education. 
 

3. Materials and Methods 
3.1 Type of Research and Research Design 
This study employed a research and development methodology guided by the 
ADDIE instructional design framework, consisting of Analysis, Design, 
Development, Implementation, and Evaluation. This approach was chosen 
because the study aimed not only to examine learning outcomes, but also to 
design, validate, and empirically evaluate a cross-device LMS developed to 
enhance students’ DL and HE in secondary history education. Compared with 
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conventional experimental methods, ADDIE provides a comprehensive structure 
for integrating needs analysis, iterative refinement, expert validation, and 
classroom implementation. The implementation phase used a one-group pre-test 
post-test design.  
 
This design measured students’ improvement before and after the LMS 
intervention using quantitative and qualitative data. Quantitative data came from 
DL tests, HE questionnaires, and system analytics, while qualitative data were 
collected through observations, teacher interviews, and reflective feedback. 
Although the absence of a control group limits causal attribution, this design 
remains suitable for evaluating the feasibility, usability, and preliminary 
effectiveness of the LMS during development. 

 
3.2 Population and Sample 
The population of this study consisted of students and history teachers in public 
senior high schools in Bandung, West Java, Indonesia. Grade XI students were 
selected because their history curriculum emphasizes advanced historical 
interpretation, contextual understanding, and inquiry-based learning aligned 
with the Merdeka Curriculum. A purposive sampling technique was used to 
ensure participants had active involvement in history learning, regular access to 
digital devices, and school readiness to support LMS-based instruction.  
 
The study involved SMA Negeri 2 Bandung, SMA Negeri 3 Bandung, SMA 
Negeri 6 Bandung, and SMA Negeri 9 Bandung, selected based on technological 
infrastructure, implementation readiness, and willingness to integrate digital 
learning. A total of 500 Grade XI students and 12 history teachers participated, 
providing broad classroom representation while keeping implementation 
manageable within the ADDIE framework. The relatively large sample also 
strengthened quantitative analysis and enriched qualitative insights into 
students’ digital learning experiences. 
 
During the six-week implementation phase, teachers acted not only as instructors 
but also as facilitators of digital history learning within the LMS environment. 
They guided students through interactive modules, monitored participation 
using learning analytics dashboards, and provided formative feedback based on 
engagement patterns and digital performance. Students participated in activities 
designed to support DL and HE, including digital source exploration, 
collaborative discussions, reflective tasks, and interactive historical content 
analysis.  
 
Data from these activities, including pre-test and post-test scores, engagement 
analytics, reflective submissions, and classroom observations, became the basis 
for evaluating the effectiveness and usability of the cross-device LMS. Although 
purposive school selection may limit generalizability, the diversity of participants 
and learning contexts provided sufficient empirical grounding to assess the 
feasibility and educational potential of the LMS model in Indonesian secondary 
history education. 
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3.3 Instruments and Their Functions 
Several instruments were used to support the development, implementation, and 
evaluation of the cross-device LMS throughout the ADDIE process. A needs 
analysis questionnaire was given to students and teachers in the analysis phase to 
identify digital history learning challenges, technology use patterns, and 
expectations for DL and HE. An expert validation rubric was used by specialists 
in history education, instructional design, and educational technology to assess 
the LMS prototype based on content relevance, pedagogical alignment, usability, 
interface design, and cross-device accessibility. DL assessments and HE 
questionnaires were administered as pre-tests and post-tests to measure students’ 
development before and after the intervention. The DL instrument measured 
students’ ability to access, evaluate, interpret, and communicate historical 
information digitally, while the engagement questionnaire assessed cognitive, 
emotional, and behavioral participation.  
 
Instrument validity was examined through expert review using Content Validity 
Index procedures, and reliability testing with 100 out-of-sample students 
produced Cronbach’s Alpha values above 0.80 for all scales. Classroom 
observation sheets and semi-structured interview guides captured qualitative 
data on student participation, teacher facilitation, and learning interaction. LMS 
analytics logs also recorded task completion, discussion participation, session 
duration, and reflective submissions to support triangulation and strengthen 
research validity. 
 
3.4 Data Collection, Data Analysis, and ADDIE Procedures 
Data collection was conducted systematically across the five ADDIE phases to 
evaluate both LMS development and pedagogical effectiveness. In the analysis 
phase, teacher interviews and student needs assessment questionnaires were used 
to identify instructional challenges, technology use patterns, and digital learning 
readiness. In the design and development phases, expert validation data were 
collected through structured rubrics assessing pedagogical alignment, usability, 
and technological quality. During the six-week implementation phase, 
quantitative data were gathered through pre-tests and post-tests on DL and HE, 
while qualitative data came from classroom observations, reflective records, and 
interviews with teachers and selected students.  
 
LMS analytics also recorded task completion, discussion participation, session 
duration, and interaction frequency. Quantitative data were analyzed using 
descriptive statistics, paired-sample t-tests, normalized gain analysis, and 
Cohen’s d effect size. Qualitative data were analyzed thematically to identify 
patterns of engagement, participation, and instructional experience. The 
integration of these data sources enabled triangulation and strengthened the 
credibility, validity, and depth of the findings. 

 

4. Results 
4.1 Analysis Phase 
The initial phase of development focused on mapping the learning conditions that 
shaped the need for a cross-device LMS in history education. The analysis 
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examined three aspects: students’ interaction with digital learning resources, 
teachers’ experiences in managing technology-supported history lessons, and the 
specific learning gaps related to DL and HE. Data were obtained from 500 
students and 12 history teachers at SMA Negeri 2 Bandung, SMA Negeri 3 
Bandung, SMA Negeri 6 Bandung, and SMA Negeri 9 Bandung. 
 
4.1.1 Students’ Digital Learning Profile 
A total of 500 students completed a needs assessment exploring their digital 
learning habits, preferred learning formats, device access, and challenges in 
engaging with historical content through digital media, as presented in Table 1). 

 
Table 1: Students’ Digital Learning Profile in History Classes  

Indicator Percentage (%) 

Use smartphones as the main device for learning 86.8 
Can access learning through both mobile and desktop devices 78.4 
Prefer history lessons supported by visual and interactive media 76.2 
Usually accept online historical information without checking 
source credibility 

69.6 

Seldom contribute to online discussion about historical issues 64.8 
Have not previously used a history-specific LMS 71.4 

 

As indicated in Table 1, students were already familiar with digital devices, but 
this familiarity did not automatically translate into responsible and analytical use 
of digital historical information. The high percentage of students who rarely 
checked source credibility suggests a weakness in DL, while the low level of 
participation in online historical discussion indicates limited HE. These results 
show that technology use in history learning required stronger pedagogical 
direction. 
 
4.1.2 Teachers’ Views on Digital History Learning 
Teacher interviews were conducted to understand how digital tools were 
currently used in history classes and what challenges emerged during 
implementation. The main findings are summarized in Table 2. 
 

Table 2: Teacher Interview Findings on Digital History Learning 

Issue Identified Interview-Based Indication 

Digital activities are often shortened 
because of curriculum coverage demands 

Teachers reported that lesson time was 
mostly used to complete required 
historical topics 

Teachers need stronger guidance in 
designing digital inquiry activities 

Several teachers stated that they were 
familiar with online platforms but less 
confident in creating source-based digital 
tasks 

Students often rely on unverified internet 
sources 

Teachers observed that students tended 
to copy online information without 
questioning authorship, evidence, or 
context 

Assessment practices still emphasize 
content recall 

Teachers explained that school 
assessments continued to prioritize 
factual mastery 
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Existing LMS use remains functional 
rather than pedagogical 

Digital platforms were mainly used for 
uploading materials, collecting 
assignments, and sharing announcements 

Smartphone-based learning requires 
simpler navigation 

Teachers noted that many students 
depended on mobile devices, making 
interface clarity essential 

 

As shown in Table 2, the teachers’ responses indicate that the central challenge 
was not the absence of technology, but the limited pedagogical use of technology. 
Digital platforms were available, yet they were rarely organized to support source 
evaluation, historical discussion, or reflective learning. This finding became an 
important basis for designing an LMS that could connect digital access with 
meaningful historical learning activities. 
 
4.1.3 Learning Gaps as the Basis for LMS Design 
The final part of the analysis synthesized student survey results, teacher 
interviews, and preliminary observations. The synthesis identified several 
learning gaps that needed to be addressed in the LMS design, as presented in 
Table 3. 

Table 3: Learning Gaps and Design Responses 

Learning Gap Evidence from Analysis Design Response 

Weak verification of 
digital historical 
information 

Many students accepted 
online materials without 
evaluating source 
credibility 

Digital source verification 
and analysis activities 

Limited participation in 
historical dialogue 

Students rarely 
contributed to online 
discussion 

Guided discussion space 
with historical prompts 

Low continuity of learning 
across devices 

Students used different 
devices depending on 
access and location 

Responsive LMS interface 
for mobile and desktop 
use 

Lack of teacher visibility 
over student activity 

Teachers had limited real-
time information about 
student progress 

Learning analytics 
dashboard 

Minimal reflective 
engagement 

Students rarely connected 
historical issues with 
present-day contexts 

Reflective digital portfolio 

 
The analysis summarized in Table 3 provided the foundation for the next 
development stage. Rather than developing an LMS as a simple storage space for 
learning materials, the system needed to support guided interaction with 
historical sources, student dialogue, reflective tasks, and teacher monitoring. 
Therefore, the main output of the Analysis Phase was a set of pedagogical and 
technical requirements for a cross-device LMS aimed at strengthening DL and HE 
in history learning. 
 
4.2. Design Phase 
The design phase focused on transforming the findings from the analysis phase 
into a structured instructional and technological framework for the cross-device 
LMS. At this stage, the system architecture, learning flow, module structure, and 
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assessment design were systematically planned to ensure alignment with the 
objectives of developing students’ DL and HE in history learning. The design 
process emphasized inquiry-oriented learning, collaborative interaction, 
reflective participation, and accessibility across multiple digital devices. In 
addition, the LMS was designed to support the pedagogical orientation of the 
Merdeka Curriculum, particularly its emphasis on student-centered learning, 
independent inquiry, and digital competency development. 
 
Learning objectives were first formulated based on the competency gaps 
identified during the analysis phase. As presented in Table 4, the objectives were 
organized into three interconnected domains: historical understanding, DL, and 
HE. These domains became the pedagogical foundation for structuring digital 
activities, collaborative tasks, reflective assignments, and assessment strategies 
within the LMS environment. 

 
Table 4: Learning Objectives of the cross-device LMS 

Domain Description Key Objectives 

Historical 
Understanding 

Strengthen understanding of 
historical events, contexts, and 
interpretations 

Analyze historical events 
and connect causes, 
consequences, and 
perspectives 

Digital Literacy Develop the ability to access, 
evaluate, interpret, and 
communicate digital historical 
information 

Evaluate source credibility 
and use digital historical 
resources responsibly 

Historical Engagement Encourage active participation in 
inquiry, discussion, and reflective 
historical learning 

Participate in collaborative 
discussions and reflective 
historical activities 

 
The instructional design adopted an inquiry-based learning sequence consisting 
of orientation, exploration, source analysis, discussion, reflection, and evaluation 
stages. This sequence was intended to encourage students to interact actively with 
historical information through digital environments rather than merely consume 
online content passively. Students were guided to explore historical materials, 
compare digital sources, participate in collaborative discussions, and construct 
reflective interpretations related to contemporary historical issues. 
 
The overall system architecture and instructional flow of the LMS are illustrated 
in Figure 1. The figure shows that the LMS was designed as an integrated cross-
device learning ecosystem connecting student devices, core learning modules, 
analytics systems, and assessment management features. Students could access 
the LMS through smartphones or desktop devices, allowing flexible participation 
in both classroom and out-of-class learning activities. The LMS core system 
managed user access, learning content, communication, and data management, 
while several instructional modules—including the case discussion forum, source 
analysis module, timeline builder, and reflective portfolio—were integrated to 
support inquiry-oriented history learning.  
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The figure also demonstrates how user activity and assessment data were 
processed through the Learning Analytics Engine to generate performance 
dashboards and feedback reports for teachers and students. This architecture 
enabled teachers to monitor participation patterns, identify learning gaps, and 
provide adaptive feedback based on students’ digital learning behavior. 

 

 
Figure 1: Detailed System Flow of the Cross-Device LMS for History Learning 

 
Finally, the design phase also established the assessment structure used within 
the LMS. DL assessment focused on students’ ability to evaluate digital historical 
sources, interpret online information, and communicate historical understanding 
responsibly, while HE assessment emphasized participation in discussions, 
reflective activities, collaborative inquiry, and sustained interaction with 
historical content. Therefore, the output of the design phase was a comprehensive 
instructional and technological blueprint that guided the LMS development 
process in the subsequent development phase. 
 
4.3 Development Phase 
The development phase transformed the LMS design blueprint into a functional 
cross-device prototype for history learning. The system was developed as a 
responsive web-based platform that could be accessed through smartphones, 
tablets, and desktop computers. Its main purpose was to support students’ DL 
and HE through structured digital learning activities. The prototype consisted of 
several integrated modules: Case discussion forum, source analysis module, 
timeline builder, reflective portfolio, learning analytics dashboard, and feedback 
and reports feature. Each module was designed to serve a specific pedagogical 
function. The case discussion forum supported collaborative historical dialogue, 
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while the source analysis module guided students in evaluating digital historical 
sources. 
 
The timeline builder helped students organize historical events visually and 
chronologically. Meanwhile, the reflective portfolio encouraged students to 
connect historical issues with contemporary contexts. All student activities, 
including clicks, submissions, discussion posts, and portfolio entries, were 
recorded by the system and processed through the learning analytics engine. To 
ensure quality, the prototype was validated by six experts: three history education 
experts, two instructional technology experts, and one educational technology 
specialist. The validation assessed content relevance, usability and interface 
design, and pedagogical integration. The results are presented in Table 5. 

 
Table 5: Expert Validation Results of the Cross-Device LMS Prototype (n = 6) 

Validation 
Dimension 

Indicators 
Mean 

Score (M) 
SD Category 

Content Relevance 
Alignment with DL and HE objectives; 
appropriateness of historical materials 

4.65 0.28 Excellent 

Usability and 
Interface Design 

Navigation clarity; cross-device 
accessibility; interface responsiveness 

4.51 0.35 
Very 
Good 

Pedagogical 
Integration 

Inquiry structure; collaborative 
interaction; reflective learning support 

4.72 0.24 Excellent 

Overall Mean — 4.63 0.29 Excellent 

 

As shown in Table 5, the LMS prototype obtained an overall mean score of 4.63, 
categorized as excellent. The highest score was found in pedagogical integration, 
indicating that the system was considered effective in connecting digital learning 
features with inquiry, discussion, and reflection in history learning. Experts also 
provided several suggestions for refinement. These included simplifying mobile 
navigation, clarifying discussion prompts, improving the instructions in the 
reflective portfolio, and making feedback reports easier for students to interpret.  
 
These revisions were completed before the LMS was implemented in classroom 
settings. Overall, the Development Phase produced a validated LMS prototype 
that was ready for implementation. The system combined cross-device 
accessibility, digital source analysis, collaborative discussion, reflective learning, 
and analytics-based feedback to support DL and HE in secondary history 
education. 
 
4.4 Implementation Phase 
The implementation phase examined the feasibility and pedagogical effectiveness 
of the cross-device LMS in real classroom settings over six weeks, involving 500 
Grade XI students and 12 history teachers from four public senior high schools in 
Bandung. The LMS was integrated into regular history lessons through blended 
learning and supported by four modules: Case discussion forum, source analysis 
module, timeline builder, and reflective portfolio. These modules strengthened 
students’ DL and HE through collaborative inquiry, source evaluation, reflection, 
and digital interaction with historical content. Teachers facilitated learning, 
monitored participation through the learning analytics dashboard, and provided 
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feedback based on students’ progress. Pre-test and post-test assessments were 
used to measure improvements in DL and HE, with the paired-sample t-test 
results presented in Table 6. 

 
Table 6: Results of Pre-Test and Post-Test Analysis on DL and HE Competencies 

Competency 
Domain 

Pre-Test 
Mean 
(M₁) 

Post-Test 
Mean 
(M₂) 

Mean 
Difference 

SD 
t-

value 
Sig. (p) 

Normaliz
ed Gain 

(g) 
Interpretation 

DL 64.18 81.27 17.09 
9.6
4 

29.
14 

<0.0
01 

0.48 
Significant, 
Moderate–
High Gain 

HE 61.43 79.86 18.43 
10.
12 

30.
02 

<0.0
01 

0.49 
Significant, 
Moderate–
High Gain 

 

As shown in Table 6, both competency domains demonstrated substantial 
improvement after the LMS intervention. DL scores increased from 64.18 to 81.27, 
while HE scores improved from 61.43 to 79.86. The significance values (p < 0.001) 
indicate that the improvements were statistically significant. In addition, the 
normalized gain values show moderate-to-high learning improvement across 
both domains. System analytics and classroom observations also indicated strong 
student participation during implementation. Students were more active in 
digital discussions, historical source evaluation, and reflective learning activities 
compared with previous classroom practices reported during the analysis phase. 
Several students who initially showed low participation became more active after 
engaging with collaborative discussion prompts and multimedia historical 
resources within the LMS. 
 
The engagement data collected through the learning analytics engine are 
summarized in Table 7. 

 
Table 7: Summary of Student Engagement Data from LMS Analytics 

LMS Module 
Average Task 
Completion 

(%) 

Mean 
Participation 

Rate 

Average 
Session 

Duration 

Correlation 
with DL–HE 

Gain (r) 
LMS Module 

Case 
Discussion 
Forum 

85.1 4.9 
discussion 

posts 

24.1 0.63 Case 
Discussion 

Forum 
Source 
Analysis 
Module 

89.4 3.1 source 
evaluations 

27.4 0.67 Source 
Analysis 
Module 

Timeline 
Builder 

86.2 2.6 timeline 
activities 

19.8 0.55 Timeline 
Builder 

Reflective 
Portfolio 

91.3 2.8 
reflection 

entries 

30.5 0.61 Reflective 
Portfolio 

Overall 
Mean 

88.0 — 25.4 0.62 Overall Mean 
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The results in Table 7 demonstrate consistently high participation across all LMS 
modules. The source analysis module showed the strongest correlation with 
improvements in DL and HE (r = 0.67), suggesting that activities involving source 
evaluation and interpretation played an important role in strengthening students’ 
digital and historical learning participation. Overall, the implementation phase 
confirmed that the developed LMS functioned effectively as a cross-device digital 
learning environment for history education. The combination of statistically 
significant learning gains, high participation levels, and positive classroom 
interaction indicates that the LMS successfully supported the development of DL 
and HE within secondary history learning contexts. 
 
4.5 Evaluation Phase 
The evaluation phase was conducted to synthesize the overall effectiveness of the 
cross-device LMS after classroom implementation. Unlike the implementation 
phase, which focused on statistical testing and learning activity data, this phase 
emphasized the final interpretation of learning progression, user evaluation, and 
system refinement. The evaluation integrated pre-test and post-test outcomes, 
LMS analytics, student feedback, and teacher responses to determine whether the 
system functioned effectively as a digital learning ecosystem for history 
education. 
 
As illustrated in Figure 2, both DL and HE showed a clear upward trend from pre-
test to post-test. DL increased from 64.18 to 81.27, while HE increased from 61.43 
to 79.86. The curve indicates that students’ improvement was not limited to 
technical familiarity with digital tools but also extended to more active 
participation in historical learning activities. The relatively parallel increase 
between the two variables suggests that DL and HE developed together during 
the LMS-based intervention. 

 

 
Figure 2: Pre-test and Post-test Gains in DL and HE 
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The pattern shown in Figure 2 strengthens the interpretation that the LMS 
supported both skill development and learning participation. DL improved as 
students became more familiar with evaluating online historical sources, 
interpreting digital materials, and communicating historical information through 
LMS-based tasks. At the same time, HE improved because students were required 
to participate in discussion forums, complete source-based activities, and submit 
reflective portfolio entries. Thus, the curve demonstrates that the LMS did not 
function merely as a content delivery platform, but as a structured environment 
for active digital history learning. 
 
User evaluation results further confirmed the system’s feasibility and pedagogical 
value, as presented in Table 8. 
 

Table 8: User Evaluation Results of the Cross-Device LMS  

Evaluation 
Dimension 

Student 
Mean 

Teacher 
Mean 

Combined 
Mean 

SD Category 

Content Relevance 4.63 4.58 4.62 0.29 Excellent 
Interactivity and 
Engagement 

4.57 4.51 4.56 0.34 Very 
Good 

System Usability 4.45 4.40 4.45 0.37 Very 
Good 

Pedagogical Value 4.61 4.55 4.60 0.31 Excellent 
Overall Mean 4.57 4.51 4.56 0.33 Excellent 

 

As shown in Table 8, the LMS received an overall mean score of 4.56, categorized 
as Excellent. The strongest dimensions were content relevance and pedagogical 
value, indicating that users perceived the system as appropriate for history 
learning and useful for supporting DL and HE. However, system usability 
received the lowest score, suggesting that mobile navigation and connectivity still 
require refinement. Overall, the evaluation phase confirmed that the developed 
LMS was effective, usable, and pedagogically relevant. The upward trend in 
Figure 2, combined with the positive user evaluation in Table 8, shows that the 
LMS successfully supported students’ development of DL and HE while also 
identifying practical areas for future improvement. 

 

5. Discussion 
The findings indicate that the cross-device LMS significantly improved students’ 
DL and HE in history learning. This improvement suggests that the system’s 
effectiveness came not only from technology use, but from its pedagogical design. 
Inquiry-based tasks, digital source evaluation, collaborative forums, and 
reflective activities encouraged students to interact more actively with historical 
content.  
 
Unlike LMS use that merely distributes materials, this model positioned students 
as evaluators, interpreters, and communicators of digital historical information 
(Limonthy & Madyatmadja, 2024; Sumardi et al., 2025). The results align with 
studies showing that digital learning becomes more meaningful when it supports 
interaction, inquiry, and reflection. Thus, the LMS helped transform digital access 
into structured DL and historical participation. This confirms that technology in 
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history education must be pedagogically organized to produce deeper learning 
outcomes. Therefore, the main contribution of this finding lies in showing how 
digital history learning can develop both skill and engagement simultaneously. 
 
The module-level findings show that each LMS feature contributed differently to 
student outcomes. The source analysis module had the strongest connection with 
DL because it required students to verify credibility, compare sources, and 
interpret digital historical information. This process moved students beyond 
simple online searching toward more responsible and analytical use of digital 
sources (Goh & Yang, 2021). Meanwhile, the case discussion forum and reflective 
portfolio contributed strongly to HE. These modules encouraged students to 
express ideas, respond to peers, and connect historical issues with contemporary 
contexts. This explains why engagement increased not only behaviorally, but also 
cognitively and emotionally (Ajani, Govender, et al., 2026; Muharni et al., 2025). 
Compared with general LMS studies, this finding shows that carefully designed 
modules can target specific learning dimensions. In this sense, the LMS worked 
because each feature was pedagogically aligned with DL and HE outcomes. 
 
The effectiveness of the LMS was also influenced by its cross-device accessibility, 
which allowed students to continue learning through both smartphones and 
desktop devices. This flexibility supported asynchronous participation and 
reduced learning interruption, particularly for students who depended primarily 
on mobile access (Asri et al., 2024; Limonthy & Madyatmadja, 2024). Previous 
studies on mobile learning have similarly emphasized that accessibility and 
continuity can strengthen participation in digital learning environments (Al-
Fraihat et al., 2025; Muharni et al., 2025). However, the findings also indicate that  
 
Several contextual factors may have moderated the learning outcomes. 
Differences in teacher readiness, internet stability, school infrastructure, and 
students’ digital familiarity likely affected the intensity of participation across 
classes. Teachers with stronger digital facilitation skills tended to encourage more 
active discussion and reflective interaction within the LMS (Goh, 2025; Utami et 
al., 2021). In contrast, connectivity limitations occasionally reduced participation 
during collaborative activities, especially in mobile-based learning sessions. These 
findings suggest that the effectiveness of cross-device learning depends not only 
on system design, but also on pedagogical and infrastructural readiness. 
 
Despite these positive outcomes, several alternative explanations and contrasting 
findings should also be considered critically. Part of the observed improvement 
may have been influenced by the novelty effect, where students showed higher 
motivation because the LMS introduced a new learning experience (Muharni et 
al., 2025; Zulherman et al., 2025). Similarly, increased teacher attention during the 
intervention may have contributed to stronger participation and performance, 
reflecting a possible Hawthorne effect.  
 
Another important finding is that system usability received lower ratings than 
pedagogical value, indicating that instructional quality was perceived more 
positively than technical convenience (Sáiz-Manzanares et al., 2021; Suryani et al., 
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2024). Several students reported difficulty composing long reflective responses 
through smartphones, even though mobile access increased learning flexibility. 
This finding supports previous research showing that high digital access does not 
automatically indicate strong DL or comfortable digital learning practices. In 
addition, some students were active in online discussions but still demonstrated 
limited depth in evaluating digital historical sources (Pacheco et al., 2025; Ubaidah 
et al., 2026). Therefore, the results should be interpreted not only as evidence of 
technological success, but also as part of a broader interaction between pedagogy, 
motivation, accessibility, and learning context. 
 
The present study contributes to digital history education by integrating DL and 
HE into a single cross-device LMS framework. Unlike prior LMS studies that 
mainly emphasize content access or general interaction, this research connects DL 
directly with historical participation (Limonthy & Madyatmadja, 2024; 
Zulherman et al., 2025). Its novelty lies in aligning source evaluation, collaborative 
discussion, reflective activities, and analytics-based monitoring within one 
pedagogical ecosystem.  
 
Rather than functioning as a repository, the LMS positioned students as active 
interpreters and contributors in digital historical learning (Handayani et al., 2026; 
Sáiz-Manzanares et al., 2021). The learning analytics engine strengthened this 
model by enabling teachers to monitor participation and provide adaptive 
feedback. This demonstrates that LMS platforms can support both digital 
competency and meaningful HE. Thus, the study offers conceptual, pedagogical, 
and technological contributions to digital history pedagogy in secondary 
education. 
 
The broader value of this study lies in its relevance to digital transformation in 
secondary education beyond the Indonesian context. The cross-device LMS model 
can inform history learning in settings where students rely on mixed access to 
smartphones, tablets, and desktop devices (Domenici, 2023; Hassan et al., 2024). 
Its emphasis on DL, engagement, and reflective participation is especially relevant 
for schools seeking to move beyond content-based online learning. However, 
sustainable implementation requires teacher training, stable connectivity, 
technical maintenance, and institutional support.  
 
For curriculum developers, the model offers a practical way to operationalize 
student-centered and digitally responsive learning. For policymakers, it provides 
evidence that digital learning systems should be evaluated not only by access, but 
also by pedagogical depth. Therefore, this study positions the LMS as a scalable 
digital history learning ecosystem for developing more participatory, critical, and 
inclusive history education. 

 

6. Conclusion 
This study concludes that the developed cross-device LMS effectively enhanced 
students’ DL and HE in secondary history education. Through the ADDIE 
development process, the LMS was designed, validated, implemented, and 
evaluated as a pedagogical ecosystem that integrates digital source analysis, 
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collaborative discussion, reflective learning, and analytics-based feedback. The 
findings showed significant improvements in DL and HE, supported by high 
student participation, positive user evaluation, and strong expert validation. 
Scientifically, this study contributes a new model for integrating DL and HE 
within a history-specific LMS framework. Practically, it offers teachers and 
schools a structured digital learning model aligned with the Merdeka Curriculum. 
Although limitations remain in mobile usability, connectivity, and the absence of 
a control group, the model provides a scalable foundation for developing more 
participatory, reflective, and digitally responsive history learning. 
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