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ABSTRACT 

The COVID-19 pandemic has triggered major disruption to the global education system and forced a massive 

shift from face-to-face learning to digital technology-based distance learning. This rapid and wide-scale change 

raises fundamental questions about the effectiveness of the use of digital technology in supporting the quality of 

learning processes and outcomes. This study aims to analyze the effectiveness of the use of digital technology in 

distance learning during the pandemic through a systematic literature study of empirical articles with international 

reputation. The study used  a systematic literature review approach  by analyzing 62 Scopus and Web of Science 

indexed Q1 journal articles published in the 2020–2024 period. The analysis was carried out thematically, focusing 

on the dimensions of academic achievement, learning engagement, perception of learning quality, and 

psychosocial impact. The results of the study show that digital technology in general is able to maintain the 

sustainability of learning and maintain academic achievement in certain contexts, especially higher education. 

However, this effectiveness is contextual and influenced by the quality of pedagogical design, digital literacy 

readiness, and socio-economic conditions of students. Additionally, fluctuating learning engagement, digital 

fatigue, and technology access gaps emerged as key challenges in distance learning during the pandemic. These 

findings confirm that digital technology cannot be seen as a universal solution, but rather as part of a learning 

ecosystem that requires mature pedagogical integration and access-equity-oriented policy support. This research 

makes a conceptual contribution in understanding the effectiveness of digital learning in crisis situations and 

becomes the basis for the development of sustainable digital learning models in the post-pandemic era. 
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INTRODUCTION 

The COVID-19 pandemic is a global event that fundamentally disrupts education systems 

around the world. After COVID-19 was designated a global pandemic by the World Health 

Organization in early 2020, more than 1.5 billion students were affected by the closure of 

educational institutions in various countries. This condition forces the education system to 

make a sudden transition from conventional face-to-face learning to digital technology-based 

distance learning as the only alternative to maintain the sustainability of the teaching and 
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learning process (UNESCO, 2020; Hodges et al., 2020). In this context, digital technology no 

longer functions as a means of support, but rather as the main infrastructure of formal education 

at the global level. 

Theoretically, the adoption of digital technology in distance learning during the pandemic 

reinforces the classical discourse in the field of educational technology regarding the 

relationship between technology, pedagogy, and learning effectiveness. A number of pre-

pandemic studies have confirmed that the success of digital learning is not determined by 

technological sophistication alone, but rather by the quality of instructional design and the 

underlying pedagogical integration (Clark, 2018; Mayer, 2020). However, the pandemic 

situation presents a significantly different context because the implementation of distance 

learning is carried out massively, suddenly, and often without adequate pedagogical readiness 

or infrastructure. This condition poses conceptual and empirical challenges in assessing the 

effectiveness of digital learning, while increasing the urgency of evidence-based research to 

understand its impact on learning processes and outcomes (Bond et al., 2021; König et al., 

2020). 

The state of the art international literature shows some key patterns in distance learning 

research during the pandemic. First, there is a consensus that digital technology plays an 

important role in maintaining educational continuity and preventing large-scale learning 

disruption (Bao, 2020; Dhawan, 2020). Second, research based on constructivism and 

Community of Inquiry  frameworks consistently emphasizes the importance of cognitive, 

social, and teacher presence in determining the quality of online learning experiences (Garrison 

& Arbaugh, 2007; Shea et al., 2020). Third,  the Technology Acceptance Model-based approach  

and motivation theory show that the perception of usefulness, ease of use, and learning 

autonomy play a significant role in mediating student engagement and satisfaction in digital 

learning (Teo et al., 2019; Martin et al., 2020). Methodologically, most of the research uses a 

survey-based quantitative approach, focusing on students' and educators' perceptions of the 

effectiveness of online learning (Means & Neisler, 2021). 

However, the literature also shows that there are findings that are not uniform and even 

contradictory. A number of studies have reported that distance learning during the pandemic 

was able to maintain academic achievement comparable to face-to-face learning, especially in 

higher education (Gonzalez et al., 2020; Scherer et al., 2021). On the other hand, other studies 

show a decrease in learning motivation, an increase in digital fatigue, and a negative impact on 

the psychological well-being of students and educators (Cao et al., 2020; Tandon, 2021). In 

addition, digital gaps related to device access, connectivity quality, and learning environment 

at home further widen inequality in learning outcomes, especially in low socioeconomic groups 

(Van Lancker & Parolin, 2020; Aristovnik et al., 2020). These variations of findings show that 

the effectiveness of digital technology is contextual and influenced by the complex interaction 

between pedagogical factors, technology, and the conditions of learners. 

Based on this critical synthesis, clear and significant research gaps can be identified. First, 

many studies still define the effectiveness of distance learning narrowly, limited to the 

perception of satisfaction or self-reported learning, without integrating academic, pedagogical, 

and psychosocial dimensions simultaneously (Bond et al., 2021; Trust & Whalen, 2020). 
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Second, there are limitations of studies that systematically distinguish between carefully 

designed online learning and  reactive emergency remote teaching practices  , so that the 

pedagogical mechanisms underlying the effectiveness of digital technology have not been fully 

explained (Hodges et al., 2020; Rapanta et al., 2020). Third, there is still relatively little 

synthesis research that specifically collects and analyzes findings from the Q1 journal to build 

a more integrated and generalizable conceptual understanding across contexts. 

This research offers novelty by presenting an integrative analysis of the effectiveness of the 

use of digital technology in distance learning during the pandemic through a synthesis of high-

reputation international literature. The scientific contribution of this study lies in the effort to 

position the effectiveness of digital learning as a multidimensional construct that includes 

learning outcomes, instructional design quality, learning engagement, and psychosocial 

implications. By focusing on the analysis of Q1 articles indexed by Scopus and the Web of 

Science, this study strengthens the theoretical and empirical basis for the development of 

sustainable and equitable digital learning models in the post-pandemic era. 

In line with the research gap, the main objective of this study is to analyze the effectiveness of 

the use of digital technology in distance learning during the COVID-19 pandemic based on 

empirical evidence from reputable international literature. In particular, this study aims to 

identify dominant finding patterns, factors determining effectiveness, and conceptual and 

methodological limitations in previous research. The research questions asked are: how and 

under what conditions is the use of digital technology effective in supporting distance learning 

processes and outcomes during the pandemic? 

This article is systematically compiled to answer these objectives. The next section outlines the 

research methodology used in the selection and analysis of the literature. The results and 

discussion section presents a synthesis of the main findings and their interpretation within the 

framework of digital learning theory. This article concludes with a conclusion that summarizes 

the research contributions, theoretical and practical implications, and recommendations for 

further research in the field of education and learning technology. 

METHODOLOGY 

Research Design 

This study uses   a systematic literature review design with a qualitative-analytical approach. 

This approach was chosen because the main objective of the research is to comprehensively 

analyze the effectiveness of the use of digital technology in distance learning during the 

pandemic through a critical synthesis of empirical findings that have been published in 

reputable international journals. Systematic literature studies are seen as appropriate to identify 

patterns of findings, theoretical tendencies, and research gaps in a structured and transparent 

manner, while allowing replication by other researchers (Kitchenham & Charters, 2007; 

Petticrew & Roberts, 2006). 

Methodologically, this design is in line with the research objectives that focus on the integration 

of scientific evidence across contexts and methods, as well as answering research questions 

about how and under what conditions digital technology is effective in supporting distance 
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learning during the pandemic. This approach is also consistent with cutting-edge research 

practices in Q1 journals in the field of educational technology, particularly Education and 

Information Technologies and Computers & Education, which widely use SLR to build 

conceptual frameworks and evidence-based policy implications (Bond et al., 2021; Zawacki-

Richter et al., 2020). 

Research Context and Data Sources 

The context of this research is distance learning based on digital technology carried out during 

the COVID-19 pandemic at various levels of education, ranging from elementary education to 

higher education. The source of research data is in the form of empirical scientific articles 

published in highly reputable international journals (Q1) and indexed by Scopus and Web of 

Science. The focus on the Q1 journal is intended to guarantee the methodological quality, 

validity of the findings, and the theoretical relevance of the analyzed studies (Moher et al., 

2009). 

Articles were selected using purposive sampling  techniques based on strict inclusion and 

exclusion criteria. Inclusion criteria include: (1) empirical research articles, both quantitative, 

qualitative, and mixed methods; (2) the main topic is related to the use of digital technology in 

distance learning during the COVID-19 pandemic; (3) publication in the period 2020–2024; 

and (4) published in the Q1 journal in the field of education or educational technology. Purely 

conceptual articles, opinions, editorials, and non-peer-reviewed publications are excluded from 

the analysis. This strategy is in line with methodological recommendations in international SLR 

research (Page et al., 2021). 

Data Collection Procedure 

The data collection process is carried out systematically through several stages. The first stage 

is the identification of articles using relevant keywords, such as digital technology, distance 

learning, online learning, COVID-19, and learning effectiveness, combined with Boolean 

operators. Searches were conducted on Scopus and Web of Science databases to ensure 

comprehensive and reputable literature coverage. 

The second stage is the screening of titles and abstracts to assess the initial fit with the focus 

of the research. The third stage involves a full-text review to ensure the article meets all 

inclusion criteria. The entire selection process follows the principles of transparency and 

replicability as recommended in the PRISMA 2020 guidelines (Page et al., 2021). The data 

extracted from each article included the research context, methodological design, theoretical 

framework, type of digital technology used, as well as key findings related to learning 

effectiveness. 

Constructs and Analytical Frameworks 

The effectiveness of the use of digital technology in this study is operationalized as a 

multidimensional construct that includes academic, pedagogical, and psychosocial aspects. 

Academic aspects include learning outcomes and conceptual understanding; pedagogical 

aspects include the quality of learning design, interaction, and teacher attendance; Meanwhile, 

the psychosocial aspect includes motivation, involvement, and student welfare. The analytical 
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framework of this research is informed by the theory of constructivism, the Community of 

Inquiry, and the Technology Acceptance Model, which are widely used in cutting-edge digital 

learning research (Garrison et al., 2000; Mayer, 2020; Teo et al., 2019). This framework allows 

for the analysis of the conceptual relationships between technology, pedagogy, and learning 

experiences, and helps explain variations in empirical findings in the literature. Each article is 

analyzed by mapping the findings into those dimensions to produce an integrated synthesis. 

Data Analysis Techniques 

Data analysis was carried out using qualitative thematic analysis  techniques. This approach 

was chosen for its ability to systematically identify patterns of meaning and key themes in large 

textual datasets (Braun & Clarke, 2006). The analysis process includes the initial coding stage, 

grouping the code into main themes, and reviewing and refining the themes to ensure internal 

coherence and theoretical relevance. 

To support the accuracy of the analysis, reference management software and qualitative 

analysis are used in the process of coding and organizing the data. This analysis technique 

allows researchers to answer research questions by integrating findings across studies and 

identifying key factors influencing the effectiveness of digital technology-based distance 

learning. 

Validity, Reliability, and Validity 

The validity of the research is guaranteed through several strategies. First, the use of Q1 

journals as a data source increases the external validity and credibility of the findings. Second, 

the implementation of clear inclusion criteria and systematic selection procedures strengthens 

the reliability of the data collection process. Third, thematic analysis is carried out iteratively 

to minimize interpretive bias and ensure coding consistency, in line with the principle of 

trustworthiness in qualitative research (Lincoln & Guba, 1985). In addition, transparency in 

the reporting of methodological procedures allows for critical replication and evaluation by 

other researchers, which is a key standard in reputable scientific publications. 

Ethical Considerations 

This research does not involve human subjects directly because all data is sourced from 

scientific publications that have been published publicly. Nevertheless, this research still 

adheres to the principles of international research ethics by respecting intellectual property 

rights through accurate and complete citations, and avoiding distortion of previous research 

findings (Resnik, 2020). 

Overall, the methodological approach used in this study is designed systematically and 

rigorously to ensure scientific quality, validity of findings, and meaningful academic 

contributions. By integrating empirical evidence from reputable international literature, this 

methodology provides a solid foundation for the analysis of the effectiveness of digital 

technologies in distance learning and supports the development of technology-based education 

theory and practice in the future. 

 

http://creativecommons.org/licenses/by-nd/4.0/


The International Journal of Science Education and Technology (IJSET) 
An Open Access Journal 
Vol 1 No 1 Januari 2026 
https://ijset.ariyapublisher.com/index.php/ijset 
 
 

This work is licensed under a 

Creative Commons Attribution-No Derivatives 4.0 International License . 

 

RESULTS 

Overview of Data and Analysis Outputs 

The analysis was conducted on 62 empirical articles published in the 2020–2024 period in 

reputable international journals Q1 and indexed by Scopus and Web of Science. The studies 

cover the context of primary, secondary, and higher education, with a predominance of research 

on higher education. In terms of methodological approach, survey-based quantitative research 

is the most widely used approach, followed by qualitative research and mixed methods. All 

articles analyzed met the methodological feasibility criteria, reviewed from the clarity of the 

research design, adequate data reporting, and consistency of the analysis procedure, so that it 

is suitable for use as a basis for the synthesis of results. 

The general characteristics of the analyzed studies are presented in Table 1 to provide an 

overview of the composition of the data prior to the presentation of the main empirical findings. 

Table 1.General Characteristics of the Analyzed Study (n = 62) 

Features Category Number of Studies Percentage (%) 

Education level Basic education 14 22,6 

 Secondary education 16 25,8 

 Higher education 32 51,6 

Methodological approach Quantitative 36 58,1 

 Qualitative 15 24,2 

 Mixed method 11 17,7 

 

Academic Effectiveness of Distance Learning 

The results of the synthesis show that most studies report on the sustainability of academic 

achievement during the implementation of distance learning based on digital technology. About 

two-thirds of quantitative studies show that students' final grades, test scores, or indicators of 

learning outcomes are at a relatively comparable level to the pre-pandemic period, especially 

in the context of higher education and theory-based subjects. In contrast, declines in academic 

achievement were more often reported in primary and secondary education, as well as in 

subjects that required hands-on practical activities and physical interaction. The distribution of 

findings regarding academic achievement is shown in Figure 1, which illustrates the proportion 

of studies that reported an increase, stability, or decrease in learning outcomes during distance 

learning. 
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Figure 1. Distribution of research findings related to students' academic achievements in digital 

technology-based distance learning during the pandemic. 

 

Learning Engagement and Psychosocial Impact 

The dimensions of learning engagement and psychosocial impact emerged as the most 

consistent and interrelated findings in the literature analyzed. Most studies report that digital 

technology enables the sustainability of learner participation through video conferencing, 

online discussion forums, and asynchronous learning activities. Engagement indicators used in 

the study included online presence, frequency of interactions, and participation in discussions. 

However, more than half of the studies also noted that learner engagement tends to decline over 

time, particularly in long-duration synchronous learning and with large numbers of 

participants. This decline in engagement is often accompanied by increased digital burnout, 

academic stress, and feelings of isolation. Although some studies report positive adaptations, 

such as increased learning independence and confidence in the use of technology, findings 

related to negative psychosocial impacts are more dominant quantitatively. 

A summary of the proportion of findings regarding learning engagement and the psychosocial 

impact of distance learning is presented in Figure 2, which shows the general trend of cross-

contextual research results. 
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Figure 2. Distribution of findings related to learning engagement and the psychosocial impact 

of distance learning during the COVID-19 pandemic. 

 

Overall, the results of the study show that the use of digital technology in distance learning 

during the pandemic is able to maintain the sustainability of the learning process with varying 

levels of effectiveness between contexts. Key empirical findings include the sustainability of 

academic achievement in specific contexts as well as fluctuating learning engagement with 

significant psychosocial impacts. These results provide a clear and focused empirical basis for 

further discussion in the Discussion section, without going beyond the realm of theoretical 

interpretation. 

 

DISCUSSION 

The results of this study provide a relatively consistent empirical picture that the use of digital 

technology in distance learning during the pandemic is able to maintain the sustainability of 

the learning process, but its effectiveness is highly dependent on the pedagogical, 

technological, and psychosocial conditions that surround it. These findings confirm that the 

effectiveness of digital learning is not inherent in the technology itself, but rather is the result 

of complex interactions between learning design, learner characteristics, and implementation 

context. This pattern is in line with theoretical views in educational technology that place 
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pedagogy as the main determining factor for the successful use of technology (Mayer, 2020; 

Clark, 2018). 

The sustainability of academic achievement reported in most studies, particularly in higher 

education, can be understood through the perspective of constructivism and independent 

learning theory. Learners with high levels of learning independence tend to be able to take 

advantage of the flexibility of distance learning to manage their learning rhythms and strategies 

more effectively. These findings are consistent with previous research that showed that self-

regulated learning is a strong predictor of success in an online learning environment (Broadbent 

& Poon, 2015; Schunk & Zimmerman, 2018). However, the decline in academic achievement 

that appears in basic education and practice-based subjects shows the limitations of digital 

technology in completely replacing kinesthetic and contextual learning experiences. 

From the perspective of the Community of Inquiry, the results of this study show that cognitive 

presence can be maintained relatively through online delivery of materials and assignments, 

while social presence and teacher presence often experience a decline in quality. Fluctuating 

learning engagement and tends to decline over time indicates weak meaningful interactions in 

distance learning, especially when learning is dominated by synchronous lectures with no 

variation in activities. These findings reinforce the argument that digital technologies need to 

be integrated with pedagogical strategies that encourage dialogue, collaboration, and reflection 

to create a quality online learning experience (Garrison et al., 2000; Shea et al., 2020). 

The psychosocial aspects that appear predominantly in the research results make an important 

contribution to the discourse on the effectiveness of digital learning. Rising digital fatigue, 

academic stress, and feelings of isolation suggest that the effectiveness of learning cannot be 

separated from the well-being of learners and educators. These findings are in line with 

research highlighting the significant psychological impact of prolonged remote learning during 

the pandemic (Cao et al., 2020; Tandon, 2021). Thus, the effectiveness of digital technology 

needs to be understood not only from the cognitive and academic dimensions, but also from 

the perspective of affective and well-being. 

The variation in findings between contexts also confirms the important role of structural and 

contextual factors, particularly the digital divide. Barriers to device access, internet 

connectivity, and home learning environments consistently affect the quality of learning 

experiences and learning outcomes. These findings strengthen the argument that the digital 

transformation of education risks widening inequalities if it is not accompanied by policies 

oriented towards access equity and institutional support (Van Lancker & Parolin, 2020; 

Aristovnik et al., 2020). In this context, the effectiveness of digital technology is relative and 

greatly influenced by the socioeconomic conditions of students. 

Another important contribution from the results of this study is the affirmation that distance 

learning practices during the pandemic are more accurately understood as emergency remote 

teaching than online learning that is systematically designed. Many negative findings related 

to engagement and well-being can be traced to the limited preparation time and lack of digital 

pedagogic training for educators. This reinforces the criticism in the literature that the 

evaluation of the effectiveness of digital learning should consider the context of 
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implementation and not equate emergency online learning with mature digital learning design 

(Hodges et al., 2020; Rapanta et al., 2020). 

Theoretically, the results of this study enrich the understanding of the effectiveness of digital 

learning by showing that technology functions as an enabler rather than  a  determinant of 

learning. Effectiveness arises when technology is used to support established pedagogical 

principles, such as active learning, continuous feedback, and meaningful social interactions. 

These findings support a conceptual framework that emphasizes the integration of technology, 

pedagogy, and context as the foundation of a sustainable digital education transformation. 

Thus, this discussion confirms that the COVID-19 pandemic not only tests the resilience of the 

education system, but also opens up space for critical reflection on how digital technology is 

adopted and evaluated. The results of this study provide a strong conceptual basis for 

understanding why the effectiveness of distance learning during the pandemic is heterogeneous 

and contextual, as well as why a more holistic approach is needed in designing and assessing 

digital learning in the future. 

 

CONCLUSION 

This research shows that the use of digital technology in distance learning during the COVID-

19 pandemic is generally effective in maintaining the sustainability of the learning process, 

especially in the context of higher education and theory-based subjects. The results of the 

synthesis of internationally reputable literature indicate that academic achievement can be 

maintained at a level relatively comparable to face-to-face learning if supported by student 

learning independence, adequate digital literacy, and structured learning design. These findings 

confirm that digital technology has significant potential as a learning medium, but its 

effectiveness is not inherent and is highly dependent on the quality of pedagogical integration 

that comes with it. 

On the other hand, this study also confirms that the effectiveness of distance learning is 

contextual and uneven. Fluctuating learning engagement, psychosocial impacts such as digital 

fatigue and academic stress, and technology access gaps are the main challenges limiting the 

quality of learning during the pandemic. Therefore, digital technology cannot be seen as a 

universal solution, but rather as part of a learning ecosystem that requires policy support, 

strengthening educators' digital pedagogic competencies, and attention to access equity. This 

conclusion provides a conceptual basis for the development of a post-pandemic digital learning 

model that is more sustainable, inclusive, and quality-oriented in long-term education. 
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