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ABSTRACT

This study aims to analyze the effect of e-learning on junior high school students’ learning
outcomes in Lampung Province and identify experiences and challenges in digital learning.
The study employed a mixed-methods approach with a sequential explanatory design.
Quantitative data were collected from 300 students using Likert-scale questionnaires and
analyzed through multiple linear regression, while qualitative data were obtained through
in-depth interviews with teachers and students and analyzed using thematic analysis. The
research results indicate that the intensity of digital learning use and the quality of interaction
have a significant impact on student learning outcomes, accounting for 62% of the variation.
Qualitative findings suggest that digital learning offers flexibility in learning; however,
challenges remain in the form of limited direct interaction and variations in students’ digital
literacy. The integrated results indicate that the effectiveness of digital learning is determined
not only by technological aspects but also by the quality of pedagogical interactions and user
readiness. In conclusion, digital learning has proven effective in improving student learning
outcomes, but its effectiveness is highly dependent on interaction and digital literacy factors;
therefore, continuous strengthening of learning strategies and the development of digital
competencies are necessary.

Keywords: Digital learning, learning outcomes, mixed methods, digital literacy, learning
interactions

1. INTRODUCTION

Digital transformation in education has accelerated significantly since the COVID-19
pandemic and has fundamentally reshaped educational structures and learning practices
worldwide. More than 1.6 billion learners were affected by the shift to online learning during
the peak of the pandemic, which subsequently accelerated the widespread and sustained
adoption of technology in educational systems (Roslan & Halim, 2021). This development
has continued into the post-pandemic era through the emergence of the Education 5.0 concept,
which emphasizes the integration of intelligent technologies, artificial intelligence, and data
analytics in learning processes (Agarwal et al., 2025). Educational institutions have
increasingly integrated Learning Management Systems (LMS), mobile applications, and
Al-based technologies to enhance learning effectiveness and personalization (Omiyale, 2025).

Despite the rapid growth of digital transformation, its implementation has not been
evenly distributed. The digital divide remains a major challenge, particularly in terms of
technological access, infrastructure, and digital literacy. Previous studies have shown that
limited internet access and low digital competence hinder the optimization of digital learning
across various educational contexts (Munyaradzi & Babalola, 2025; Tung et al., 2025). These
findings indicate that the success of digital transformation depends not only on the availability
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of technology but also on the readiness of human resources and educational systems as a
whole.

At the institutional level, the implementation of digital learning faces complex and
multidimensional challenges. From a technical perspective, issues such as unstable internet
connections and limited access to digital devices remain common obstacles in e-learning
implementation (Zarifsanaiey et al., 2024). From a psychological perspective, online learning
may generate learning anxiety that affects students’ motivation and participation, particularly
in language learning contexts (Alharbi, 2025). In addition, the pedagogical readiness of
educators continues to be a critical issue, as many teachers are still unable to utilize
technology optimally in instructional processes (Yulin & Danso, 2025).

Numerous previous studies have investigated the effectiveness of digital learning
using various approaches. Liu (2025) found that the use of digital tools could increase student
participation; however, these outcomes were strongly influenced by students’ levels of digital
literacy. Other studies revealed that digital technology can improve learning inclusivity,
although its implementation remains uneven across educational settings (Auliawati et al.,
2023). Furthermore, contextual factors such as institutional policies, technological readiness,
and administrative support also play significant roles in determining the success of digital
learning implementation (Ashraf et al., 2025; Neerapan, 2025). Ishak et al. (2025) further
emphasized that metacognitive strategies are essential factors in improving learning outcomes
within digital learning environments.

Although the existing literature continues to expand, significant research gaps remain
evident. Most previous studies have relied on single-method approaches, limiting their ability
to capture the complexity of digital learning phenomena comprehensively (Ketsman et al.,
2025). Studies employing mixed methods approaches also often fail to integrate quantitative
and qualitative findings deeply and systematically. Moreover, many studies have focused
primarily on developed countries, reducing their relevance to developing-country contexts.
Psychological, social, and cultural aspects of digital learning also remain underexplored,
while longitudinal studies examining long-term impacts are still limited.

Based on these conditions, research employing a mixed methods approach becomes
highly important in providing a more comprehensive understanding of digital learning. This
approach enables analyses that not only describe phenomena descriptively but also explain
causal relationships and the contextual factors underlying them. The present study is expected
to provide strong empirical contributions to the development of more adaptive, inclusive, and
evidence-based educational policies and practices. Therefore, this research holds substantial
urgency in supporting the improvement of educational quality in the continuously evolving
digital era.

2. RESEARCH METHOD

This study was conducted in junior high schools (SMP) across Lampung Province,
Indonesia, involving 300 students who had participated in digital-based learning activities.
The research setting was selected because schools in the region had begun implementing
e-learning practices, although the level of technology integration varied considerably among
institutions. Such conditions were considered highly relevant to the purpose of the study,
which focused on examining the effectiveness of digital learning on students’ academic
outcomes. In addition, differences in technological infrastructure, internet accessibility, and
the digital competencies of teachers and students provided a valuable context for obtaining
rich and contextualized data regarding the implementation of e-learning in secondary
education settings. These variations enabled the study to capture the complexity of digital
learning practices within real educational environments.

This study employed a mixed methods research approach using a sequential
explanatory design as proposed by Creswell (2016). The approach integrates quantitative and
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qualitative methods within a single study to achieve a more comprehensive understanding of a
particular phenomenon (Fanani, 2025). In the first phase, quantitative data were collected
through Likert-scale questionnaires designed to measure the intensity of digital learning
usage, the quality of digital learning interaction, and students’ learning outcomes. The
quantitative data were subsequently analyzed using multiple linear regression with the
assistance of SPSS 26. In the second phase, qualitative data were gathered through in-depth
interviews with teachers and students, as well as classroom observations of digital learning
activities. This qualitative stage was intended to provide deeper explanations and contextual
interpretations of the quantitative findings obtained in the earlier phase.

The research was conducted over a four-month period through several systematic
stages. During the first month, the researcher prepared the research instruments, conducted
validity and reliability testing of the questionnaires, and completed the necessary research
permits. The second month focused on the collection of quantitative data through
questionnaire distribution to participating students. In the third month, qualitative data were
collected through interviews and direct observations of digital learning practices in the
classroom. All qualitative data were transcribed and analyzed using thematic analysis
techniques to identify recurring patterns and themes related to students’ and teachers’
experiences in e-learning environments. In the final stage, the quantitative and qualitative
findings were integrated to generate a more comprehensive interpretation of the effectiveness
of e-learning implementation among junior high school students in Lampung Province.

3. RESULTS AND DISCUSSION
Research Respondent Profile
This study involved 300 junior high school students in Lampung Province who had
participated in digital-based learning activities. Respondents were selected using a
proportional random sampling technique to ensure representation of diverse student
characteristics.
Table 1. Research Respondent Profile

Characteristics Category Frequency Percentage
Gender Male 145 48.3%
Female 155 51.7%
Age 12—13 years 120 40%
14—15 years 180 60%
Device Access Smartphone 210 70%
Laptop/Computer 90 30%
Intensity of Digital Learning Low 80 26.7%
Moderate 150 50%
High 70 23.3%

Source: Primary research data (2026).

The respondents were predominantly female students (51.7%) and mostly belonged to
the 14-15-year age group. The majority of students used smartphones as their primary
learning device, indicating the dominance of mobile learning practices at the junior high
school level.

Descriptive Statistics of Research Variables

This study involved three main variables: the intensity of digital learning usage (X1),
the quality of digital learning interaction (X2), and students’ learning outcomes (Y). Based on
the descriptive statistical analysis, the intensity of digital learning usage reflected a relatively
high level of technology utilization in the teaching and learning process. The quality of digital
learning interaction described how communication and engagement between teachers and
students were effectively maintained during online learning activities. Meanwhile, students’
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learning outcomes represented the academic achievement obtained after participating in
digital learning processes. These three variables were interconnected in supporting the
improvement of learning effectiveness and students’ success in achieving educational
objectives.

Table 2. Descriptive Statistics of Research Variables

Variable Mean Min Max Std. Deviation
X1 3.72 2.10 4.80 0.56
X2 3.65 2.00 4.70 0.60
Y 3.78 2.20 4.90 0.58

Source: SPSS 26 data processing results (2026).

All variables were categorized within moderate to high levels, indicating that digital
learning implementation in junior high schools across Lampung had been relatively effective.
The learning outcomes variable (Y) obtained the highest mean score, suggesting that digital
learning contributed positively to students’ academic achievement.

Average Scores of Research Variables

Rata-rata

X1 X2 X3 Y

Figure 1. Average Scores of Research Variables
Source: Research data processed using SPSS (2026).

Figure 1 illustrates that all research variables demonstrated relatively high average
scores and showed a gradual increase from X1 to Y. Variable X1 obtained an average score of
3.10, X2 scored 3.72, X3 scored 3.65, and the Y variable achieved the highest average score
of 3.78. The differences among variables were relatively small, indicating that the
relationships among the research variables were stable and consistent. These findings suggest
that the intensity of digital learning usage and the quality of digital learning interaction were
positively associated with students’ learning outcomes. Overall, the figure reflects a positive
trend in the implementation of digital learning toward improving students’ academic
performance.

Research Instrument Testing
Validity and Reliability Testing
Table 3. Validity and Reliability Test Results for Variable X1

Item r-count r-table Description
X1.1 0.62 0.30 Valid
X1.2 0.71 0.30 Valid
X1.3 0.68 0.30 Valid

Cronbach’s Alpha = 0.82 (Reliable)

The validity test results indicate that all items in variable X1 obtained r-count values
higher than the r-table value of 0.30, indicating that each item was valid and suitable for
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measuring the intensity of digital learning usage. Furthermore, the Cronbach’s Alpha value of
0.82 demonstrates a high level of reliability, suggesting that the instrument consistently
measured the intended construct. These findings confirm that the questionnaire items for
variable X1 were both statistically valid and internally consistent for use in the study.

Table 4. Validity and Reliability Test Results for Variable X2

Item r-count r-table Description
X2.1 0.65 0.30 Valid
X2.2 0.70 0.30 Valid
X2.3 0.73 0.30 Valid

Cronbach’s Alpha = 0.85 (Reliable)

The results for variable X2 show that all questionnaire items exceeded the minimum
r-table value of 0.30, indicating that the items were valid for measuring the quality of digital
learning interaction. In addition, the Cronbach’s Alpha value of 0.85 reflects strong internal
consistency among the instrument items. This suggests that the questionnaire reliably
captured aspects related to communication, engagement, and interaction quality during digital
learning activities.

Table 5. Validity and Reliability Test Results for Variable Y

Item r-count r-table Description
Y1 0.69 0.30 Valid
Y2 0.74 0.30 Valid
Y3 0.76 0.30 Valid

Cronbach’s Alpha = 0.88 (Reliable)

The validity test for variable Y demonstrates that all items achieved r-count values
above the required threshold of 0.30, confirming that the instrument items were valid
indicators of students’ learning outcomes. The Cronbach’s Alpha coefficient of 0.88 further
indicates excellent reliability and strong internal consistency. Therefore, the instrument used
to measure students’ academic achievement was considered both dependable and appropriate
for data collection purposes.

Trustworthiness of Qualitative Data
Table 6. Qualitative Data Trustworthiness Testing

Aspect Verification Technique
Credibility Member checking
Transferability Detailed contextual description
Dependability Audit trail
Confirmability Source triangulation

Source: Miles, Huberman, & Saldarnia (2014).

The trustworthiness of qualitative data was ensured through several verification
techniques. Credibility was established through member checking, allowing participants to
confirm the accuracy of interview interpretations. Transferability was strengthened by
providing detailed contextual descriptions of the research setting and participants.
Dependability was maintained through an audit trail documenting the research process
systematically, while confirmability was achieved through source triangulation involving
multiple participants and data sources. These procedures enhanced the rigor and reliability of
the qualitative findings.
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Assumption Testing

Normality Test
Table 7. Kolmogorov—Smirnov Normality Test
Variable Sig. Description
X1 0.200 Normal
X2 0.176 Normal
Y 0.189 Normal

Source: SPSS 26 Output (2026).

The normality test results indicate that all variables obtained significance values
greater than 0.05, confirming that the data were normally distributed. Variable X1 achieved a
significance value of 0.200, X2 obtained 0.176, and Y recorded 0.189. These findings
demonstrate that the data met the normality assumption required for multiple linear regression
analysis, allowing further statistical testing to be conducted appropriately.

Linearity Test
Table 8. Linearity Test Results
Relationship Sig. Deviation Description
Xl —>Y 0.112 Linear
X2—-Y 0.145 Linear

Source: SPSS 26 Output (2026).

The linearity test results show that the significance deviation values for both
relationships exceeded 0.05, indicating linear relationships between the independent and
dependent variables. The relationship between X1 and Y obtained a significance deviation
value of 0.112, while the relationship between X2 and Y achieved 0.145. These findings
confirm that the relationships between digital learning intensity, learning interaction quality,
and students’ learning outcomes followed a linear pattern, fulfilling another important
assumption for regression analysis.

Multicollinearity Test
Table 9. Multicollinearity Test Results

Variable Tolerance VIF Description
X1 0.78 1.28 No multicollinearity
X2 0.81 1.23 No multicollinearity

Source: SPSS 26 Output (2026).

The multicollinearity test results indicate that all variables obtained tolerance values
greater than 0.10 and VIF values below 10. Variable X1 recorded a tolerance value of 0.78
with a VIF of 1.28, while X2 obtained a tolerance value of 0.81 with a VIF of 1.23. These
findings indicate that no multicollinearity existed among the independent variables, meaning
that each variable contributed independently to explaining variations in students’ learning
outcomes.

Multiple Linear Regression Analysis
Table 10. Multiple Linear Regression Test Results

Variable Beta t-value Sig.
X1 0.42 5.12 0.000
X2 0.35 4.28 0.001

Source: SPSS 26 Output (2026).
R Square = 0.62
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The regression analysis results reveal that both the intensity of digital learning usage
(X1) and the quality of digital learning interaction (X2) significantly influenced students’
learning outcomes (Y). Variable X1 obtained a beta coefficient of 0.42 with a significance
value of 0.000, while variable X2 achieved a beta coefficient of 0.35 with a significance value

of 0.001. The coefficient of determination (R2 = (.62) indicates that both independent
variables jointly explained 62% of the variance in students’ learning outcomes. These findings
demonstrate that effective implementation of e-learning, supported by meaningful
pedagogical interaction, contributed substantially to improving students’ academic
achievement.

Qualitative Findings

The qualitative findings were obtained through in-depth interviews with teachers and
students regarding the implementation of digital learning. The data were analyzed using a
thematic analysis approach, which generated three major themes as presented below.

Table 11. Themes of Qualitative Analysis Findings

Theme Description
Effectiveness of digital learning Learning becomes more flexible
Interaction gap Limited direct communication
Digital literacy Differences in students’ abilities

Source: Research interview results (2026).

Digital learning was perceived as effective because it provided greater flexibility for
students in accessing learning materials (Fanani et al., 2026). Students were able to study
anytime and anywhere without depending entirely on face-to-face classroom sessions. This
condition supported students in developing independent learning habits, particularly when
they needed to revisit materials they had not fully understood. In addition, the availability of
digital learning materials enabled students to adjust their learning pace according to their
individual abilities (Pratama et al., 2025). Teachers also benefited from the easier and faster
distribution of learning materials and assignments (Sari et al., 2025). Through digital learning,
educational activities were no longer confined to classroom settings but could continue
through various online platforms that supported students’ academic engagement in a more
flexible and efficient manner.

The interview findings also revealed that digital learning created interaction gaps
between teachers and students. Reduced direct communication often caused the instructional
process to become less effective, particularly when students encountered difficulties
understanding specific explanations. In traditional face-to-face learning, teachers could
provide immediate responses and feedback, whereas interaction in digital learning
environments was frequently constrained by technological media and time limitations. As a
result, some students felt less confident in asking questions or participating actively in
discussions. Teachers likewise experienced difficulties in monitoring students’ levels of
understanding comprehensively. Consequently, several students required more time to
comprehend learning materials due to limited communication and minimal direct interaction
during the learning process.

Students’ digital literacy emerged as another important factor influencing the success
of digital learning implementation. The findings indicated considerable differences in
students’ abilities to use technological devices and digital learning applications. Students with
strong digital literacy skills tended to participate more actively in learning activities,
understand digital platforms more quickly, and adapt more easily to various online learning
methods. In contrast, students with lower levels of digital literacy were generally more
passive and experienced difficulties operating learning applications or independently
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searching for information. These conditions caused some students to require more intensive
assistance from teachers and parents. Therefore, improving students’ digital literacy becomes
an essential step to ensure that all learners can participate in digital learning processes
effectively and equitably.

Effectiveness of Platform-Based E-Learning on Students’ Learning Outcomes in Junior
High Schools

The rapid expansion of digital transformation in education is often celebrated as a
breakthrough capable of improving learning effectiveness and accessibility. Nevertheless, the
growing dependence on technology has also sparked criticism, particularly regarding the
decline of direct interaction between teachers and students. This debate suggests that
e-learning does not always produce universally positive outcomes across all educational
contexts. In this study, the regression analysis revealed that the intensity of e-learning usage
(X1) and the quality of digital learning interaction (X2) significantly influenced students’

learning outcomes, contributing 62% of the variance (R2 = 0.62). The beta coefficient for
X1 was 0.42, while X2 obtained 0.35, indicating that both intensive use of digital platforms
and effective pedagogical interaction play substantial roles in improving academic
achievement among junior high school students in Lampung Province.

The descriptive statistical analysis demonstrated that all research variables were
categorized within moderate to high levels. The intensity of e-learning usage achieved a mean
score of 3.72 with a standard deviation of 0.56, whereas the quality of digital learning
interaction obtained a mean of 3.65 with a standard deviation of 0.60. Meanwhile, student
learning outcomes recorded the highest mean score at 3.78 with a standard deviation of 0.58.
These findings indicate that the implementation of digital learning has been relatively well
accepted among junior high school students in Lampung Province. The high learning outcome
scores suggest that students were capable of adapting to technology-based learning
environments. This tendency resembles the findings of Mulvia (2025), who reported that
e-learning enhances student motivation and learning effectiveness through more flexible and
accessible educational experiences.

One of the most significant findings of this study lies in the influence of e-learning
intensity on student learning outcomes. The beta coefficient of 0.42 demonstrates that
students who frequently engaged with digital learning platforms tended to achieve higher
academic performance. This finding suggests that flexible access to learning resources
enables students to study independently without relying entirely on face-to-face instruction.
Students were able to revisit learning materials, explore additional resources, and adjust their
study schedules according to their individual needs. In this context, technology functions not
merely as a learning medium but also as a tool that supports the development of learner
autonomy. This finding closely aligns with Liu (2025), who argued that digital learning tools
increase student participation and engagement within technology-based learning
environments.

Although technology offers flexibility and accessibility, the findings of this study
indicate that pedagogical interaction remains a crucial determinant of e-learning effectiveness.
The quality of digital learning interaction produced a beta coefficient of 0.35 with a
significance level of 0.001. Interview results revealed that students understood learning
materials more effectively when teachers actively provided feedback during online learning
sessions. Conversely, limited communication often resulted in difficulties in comprehending
specific topics. These findings demonstrate that successful digital learning cannot rely solely
on technological infrastructure but also requires meaningful teacher involvement in
facilitating interaction. Similar patterns were identified in the study conducted by Doan et al.
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(2025), which emphasized that teacher—student interaction significantly affects student
motivation, satisfaction, and academic performance in digital learning environments.

The qualitative findings further revealed that flexibility became one of the primary
reasons students perceived e-learning positively. Students were able to access learning
materials anytime and anywhere, making the learning process more efficient and adaptable. In
addition, digitally stored materials enabled students to review lessons repeatedly whenever
they encountered difficulties in understanding certain concepts. Such conditions contributed
to the development of self-directed learning and increased students’ control over their own
learning processes. Teachers also benefited from faster and more systematic distribution of
materials and assignments. These findings are consistent with Roslan and Halim (2021), who
highlighted that online learning environments provide greater flexibility and support the
enhancement of learner independence during the educational process.

Despite its advantages, this study also identified a major challenge in the
implementation of e-learning, namely the reduction of direct interaction between teachers and
students. Several students reported difficulties in understanding explanations delivered
through online learning because communication was less intensive than in traditional
classroom settings. Teachers likewise encountered challenges in monitoring students’ levels
of comprehension comprehensively. As a result, the feedback process became less effective
and occasionally delayed students’ understanding of particular learning materials. These
findings indicate that digital learning has not entirely replaced the communicative quality of
conventional face-to-face instruction. Similar concerns were reported by Zarifsanaiey et al.
(2024), who argued that the effectiveness of e-learning remains highly dependent on
communication quality between teachers and students throughout the instructional process.

Another important aspect emerging from this study concerns the disparities in
students’ digital literacy levels. Interview findings demonstrated that students possessing
stronger digital competencies tended to participate more actively, adapt more easily to online
learning environments, and understand digital applications more efficiently. In contrast,
students with limited digital literacy often became passive participants and required more
intensive guidance from teachers and parents. This condition reflects the persistence of digital
literacy gaps within secondary education settings. The findings correspond closely with
studies conducted by Soufghalem (2024) and Munyaradzi and Babalola (2025), both of which
identified digital literacy as a key factor determining students’ success in technology-based
learning environments during the digital era.

The integration of quantitative and qualitative findings in this study demonstrates that
the effectiveness of e-learning is influenced not only by technological availability but also by
the quality of pedagogical interaction and users’ readiness to utilize digital tools effectively.
The substantial contribution value of 62% indicates that digital learning significantly affects
student learning outcomes. However, the interview findings revealed that technology alone
cannot ensure successful learning if teachers and students lack adequate pedagogical readiness
and digital competencies. Therefore, successful implementation of e-learning requires the
integration of technological readiness, interactive teaching strategies, and users’ adaptive
capacities. This interpretation aligns with Yulin and Danso (2025), who emphasized the
importance of pedagogical readiness in supporting sustainable digital transformation within
education systems.

From a theoretical perspective, the findings suggest that students demonstrated
relatively positive acceptance toward digital learning technologies. The high average scores
across research variables indicate that students perceived digital platforms as beneficial in
facilitating their learning activities. Easy access to materials, flexible learning opportunities,
and efficient assignment distribution were among the factors encouraging students to adopt
digital learning technologies in their daily educational experiences. These findings support the
Technology Acceptance Model (TAM) proposed by Davis (2024), which argues that
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technology acceptance is strongly influenced by perceived usefulness and ease of use. Similar
observations were also reported by Omiyale (2025), who found that information and
communication technologies can improve educational quality when accompanied by
sufficient infrastructure and user readiness.

Overall, this study demonstrates that platform-based e-learning plays a substantial role
in improving the learning outcomes of junior high school students in Lampung Province. Both
the intensity of e-learning usage and the quality of digital interaction significantly influenced
students’ academic achievement. Nevertheless, the study also revealed persistent challenges
related to limited direct interaction and disparities in students’ digital literacy levels. These
findings indicate that educational digital transformation should not focus solely on
technological provision but must also involve strengthening digital competencies and
implementing more interactive pedagogical strategies. By integrating statistical evidence with
real educational experiences simultaneously, this study provides a more comprehensive
understanding of the dynamics surrounding e-learning implementation in junior high school
education.

4. CONCLUSION

The findings of this study demonstrate that platform-based e-learning significantly
contributes to improving junior high school students’ learning outcomes in Lampung
Province. Quantitative analysis revealed that the intensity of e-learning usage and the quality
of digital learning interaction simultaneously explained 62% of the variation in students’
academic achievement, indicating that technology integration in education has a substantial
influence on learning effectiveness. Beyond statistical evidence, the qualitative findings
revealed that e-learning provides flexibility that supports independent learning and improves
students’ access to educational resources. However, the study also identified important
challenges, particularly the decline of direct teacher—student interaction and disparities in
students’ digital literacy levels, which affected students’ understanding and participation
during online learning. These results indicate that the effectiveness of e-learning is determined
not only by technological access but also by pedagogical interaction and users’ digital
readiness.

This study contributes theoretically by strengthening the understanding that successful
e-learning implementation requires the integration of technological, pedagogical, and human
factors simultaneously. Methodologically, the use of a mixed methods approach enabled a
more comprehensive interpretation by combining statistical findings with students’ and
teachers’ real experiences in digital learning environments. Nevertheless, this study has
several limitations, including its relatively limited geographical scope, short research duration,
and reliance on self-reported perceptions that may introduce subjective bias. Future studies
are therefore recommended to involve broader samples across different educational levels and
regions, incorporate additional variables such as learning motivation, self-regulated learning,
and parental support, and apply longitudinal designs to examine the long-term impact of
e-learning on students’ academic development and digital competencies.
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