
International Journal of Electrical and Computer Engineering (IJECE) 

Vol. 15, No. 1, February 2025, pp. 529~539 

ISSN: 2088-8708, DOI: 10.11591/ijece.v15i1.pp529-539      529  

 

Journal homepage: http://ijece.iaescore.com 

Utilization meta-analysis to identify the convenience of eBooks 

(visual and audio) for learning 
 

 

Jefri Mailool1, Janu Arlinwibowo2, Yulia Linguistika3,4 
1Christian Education Management Masters Study Program, Institut Agama Kristen Negeri Manado, Manado, Indonesia 

2Research Center for Education, National Research and Innovation Agency, Jakarta, Indonesia 
3School of Education, The University of Adelaide, Adelaide, Australia 

4Primary School Teacher Education Department, Universitas Negeri Malang, Malang, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Apr 27, 2024 

Revised Aug 31, 2024 

Accepted Oct 1, 2024 

 

 This research aims to conclude the influence of eBooks in the learning 

process throughout the world. The meta-analysis design taken was a group 

contrast between control and experimental groups with a random effect size 
model. The criteria used are time “data published 2018–2023,” published in 

English, type of publication is a quantitative research article, the research 

design is a difference between control and experimental groups, containing 

complete data “mean, sample size, and standard deviation,” and recorded in 
the Scopus database. Data collection was guided by the PRISMA method. 

The results of the analysis showed that the data were heterogeneous and free 

from publication bias. The results of the analysis showed that there was a 

large “positive” effect as indicated by a p-value <0.001<5% “95% 

confidence interval” and a total effect size=0.86 [0.61; 1.11]. It can be 

concluded based on the latest findings that eBooks have an equally good 

effect on all conditions which are influenced by the type of competency 

developed, the eBook information base, the type of eBook, and class size. 
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1. INTRODUCTION 

In the last few decades, technological developments have developed rapidly [1]. Among various 

technologies, the development of information technology has exerted extraordinary dominance on social life 

[2]. Things that were previously difficult to imagine can be realized by sophisticated information technology 

[3]. Until now, almost all people have been exposed to information technology through various derivatives, 

for example, the most familiar is the internet [4]. Based on a survey conducted by the Reuter Institute in 

collaboration with the University of Oxford, in 2023, many countries in the world will have internet 

penetration rates that have exceeded 90%, some of which even show very high figures, such as Norway and 

Denmark at 98%, South Korea and Sweden at 97%, and Switzerland at 95% [5]. If internet penetration is so 

large, there will be even more gadget and personal computer (PC) users in the world. 

Such a situation shows a great opportunity to carry out digital transformation. Digital transformation 

can bring various things into efficient integration [6]. The process goes through digitization until digital 

transformation is realized [7]. This era brings various kinds of physical information transformed into digital 

information. In this way, various sources of information can spread more widely [8] and very quickly [1]. 

This era also marks the trend for printed books began to shift to electronic books. Apart from being 

https://creativecommons.org/licenses/by-sa/4.0/
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influenced by environmental issues, technological support is one of the main aspects that supports the 

continued development of the world of electronic book development.  

Electronic books are defined as books in digital format that can be accessed through a screen [9]. 

The concept of electronic books emerged at the dawn of computers. However, at the beginning of the 

discovery of computers, they were not accessible to everyone, and the development of electronic books was 

slow [10]. However, in recent years, the spread of devices to access the internet and eBooks has reached 

various levels of society. The proof is the very high internet penetration in every country [5]. eBooks become 

common and more relevant in various countries, especially developed countries with higher device and 

internet usage. In some countries, eBooks are used to replace printed books [9]. 

According to research results, the use of eBooks in various countries shows a positive impact [9], 

[11]–[13]. eBooks “audio and visual” are a solution during the coronavirus disease 2019 (COVID-19) 

pandemic [14]. eBooks have the advantage of fast distribution and very efficient financing. In this way, it can 

reach a wider community [10]. Apart from that, the development of eBooks makes it easier for a particular 

person to find information and interact with various sciences [15].  

However, not all research shows a positive response to eBooks. Some findings showed that 71.4% 

of students reported a low level of satisfaction with eBooks [4]. Several studies stated that students reported 

being more comfortable reading printed books [16]. There are at least two big problems that hinder the use of 

eBooks, namely the limited battery life of each device [17] and eye problems when reading for a long time 

[17]–[19]. Based on the two paragraphs above, there are advantages and disadvantages of using eBooks in 

the learning process. Thus, it is necessary to carry out a representative inference process to create a general 

overview of the trend in the influence of eBooks.  

One of the methods that can be used to conclude is meta-analysis. To date, there have been several 

studies related to concluding the influence of eBooks in education using meta-analysis methods. The first 

research showed that the use of eBooks has a positive influence on mathematics learning with an effect size 

of 0.82. This research only specifically investigated the impact on mathematics learning [9]. The second 

research showed that there is no significant difference in the influence of eBooks in increasing students' 

literacy levels [20]. Third research showed that printed books are more recommended than eBooks for 

improving reading ability. However, the researcher added that the flow of digitalization is so fast that 

avoiding eBooks and sticking to printed books is not a good idea [21].  

Thus, this research tries to provide a more comprehensive answer regarding the influence of eBooks 

in the learning process. Data collection will be carried out without focusing on one particular subject so it is 

expected that it will produce a more comprehensive general picture. Related to the influence on location, 

subject, grade, type, competency, information base, eBook implementation era, and class size will be 

specifically analyzed as moderator variables. In this way, it is hoped that the results of this research will 

produce more complete and comprehensive information so that it can be used as a basis for making various 

policies in various locations and school characteristics. 

 

 

2. METHOD 

A study related to the benefits of using electronic books in learning was carried out using the meta-

analysis method. The meta-analysis method is a method that can be used to summarize various previous 

research results [22], [23]. In this way, meta-analysis will help researchers to conclude general conditions 

based on the results of research conducted by previous researchers [1]. The keyword in meta-analysis 

research is finding the total effect size [24] which in this research is a representation of the influence of the 

role of electronic books on the results of the learning process. 

 

2.1.  Research procedures and data sources 

The data source in this research is articles published in Scopus-indexed journals. To ensure the data 

source criteria, the data collection process was carried out in the Scopus portal, namely 

https://www.scopus.com. Scopus was determined as a database because it considered the quality of the 

research data to be analyzed. One of the shortcomings of meta-analysis is the researcher's inability to control 

the quality of each data. Thus, being selective in data selection is one of the most effective ways to ensure 

data quality. To accommodate these considerations, the Scopus database was chosen with the assumption that 

Scopus has a journal quality control mechanism that has a direct impact on the quality of published articles. 

Data collection was carried out at https://www.scopus.com by rotating and combining keywords 

relevant to the selected theme, namely “impact,” “effect,” “eBook,” “audiobook,” “achievement,” “outcome,” 

and “learning.” To obtain broad and exploratory search results, researchers used logic based on Boolean 

operators “AND, OR” as a link between various keywords. Search results on https://www.scopus.com are then 

selected based on the inclusion and exclusion criteria set by the researcher. The researcher will only take data 

https://www.scopus.com/
https://www.scopus.com/
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that meets all the specified inclusion criteria. Articles that do not meet the criteria “meet at least one of the 

exclusion criteria” will be excluded from the data to be analyzed. Table 1 is a profile of the inclusion and 

exclusion criteria in this study. 

To control the Scopus database-based data search process, this research utilizes the PRISMA data 

search model. The PRISMA model helps researchers recapitulate data and helps readers trace the data 

collection process [25]. In this way, every data collection process can be accounted for. Figure 1 contains a 

PRISMA diagram showing the data collection process. 

In the screening process, researchers obtained 15 articles that met all inclusion criteria. However, 

several articles contain more than 1 data, such as research conducted by Phadung and Dueramae [12] which 

found that the use of eBooks influences students' knowledge and skills. Another example is research 

conducted by Saputri et al. [13] which found that eBooks influence a student's knowledge and attitudes. 

Thus, the 15 articles collected produced 47 data which can be used as meta-analysis material to show the 

influence of eBooks on the learning process. The following is a summary of the research data analyzed in this 

meta-analysis in Table 2. 

 

 

Table 1. Inclusion and exclusion criteria 
Aspect Inclusion criteria Exclusion criteria Aspect Inclusion criteria Exclusion criteria 

Year 2018 - 2023 Else Data component Sampel size, mean, and 

standard deviation 

Does not load one, 

two, or all three 

Language English Else Analysis data Quantitative Qualitative 

Articles type Research article Else Theme The influence of eBooks on 

learning 

Else 

Data type Quantitative Qualitative Data base Scopus Else 

Research design Group contrast Else Research model Control and experiment Does not load either 

or both 

 

 

 
 

Figure 1. PRISMA data selection 

 

 

2.2.  Test prerequisites and publication bias 

Based on the characteristics of the data collected, it can be concluded that the data varies. These 

conclusions are based on data from various countries, and various grades, and carried out at various times. 

Thus, the appropriate meta-analysis research model based on these characteristics is the random effect mode. 

However, to get a strong justification, statistical proof needs to be carried out [26]. The assumption test 

model used was the Q, 𝑇2, and 𝐼2 parameter method. Using three methods at once is expected to produce 

strong justification. The conclusion criteria used were heterogeneous data when p-val Q<0.05 “5% error,” 𝑇2 

is more than 0 [27], and 𝐼2 is 75%-100% substantial heterogeneity [28].  
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Table 2. Summary of data 
Study ID Nc Mc SDc Ne Me SDe  Study ID Nc Mc SDc Ne Me SDe 

[29]_1 S001 30 18.53 2.78 30 21.2 2.66  [30]_5 S025 25 91.41 32.93 48 107.63 18.03 

[29]_2 S002 30 18.33 2.91 30 21.2 2.66  [31]_1 S026 95 20.67 6.79 108 20.64 7.32 

[29]_3 S003 30 16.83 1.3 30 18.97 2.33  [31]_2 S027 124 16.23 8.42 141 18.57 9.96 

[29]_4 S004 30 17.63 1.38 30 18.97 2.33  [31]_3 S028 137 88.71 13.5 121 86.85 11.46 

[29]_5 S005 30 18.2 1.38 30 19.93 1.44  [32]_1 S029 26 3.77 1.9 25 5.56 2.69 

[29]_6 S006 30 17.43 1.04 30 19.93 1.44  [32]_2 S030 28 4.68 2.96 28 9.04 1.8 

[12]_1 S007 26 6.54 2.77 28 7.29 2.12  [32]_3 S031 26 6.12 1.88 25 7.84 1.38 

[12]_2 S008 26 6 2.59 28 6.5 2.02  [32]_4 S032 28 6.77 1.49 28 8.76 0.95 

[12]_3 S009 26 5.08 2.54 28 7.5 1.03  [33]_1 S033 30 14.2 4.02 31 19.29 3.01 

[13]_1 S010 30 13.7 2.09 30 15.97 2.13  [33]_2 S034 18 11.72 2.29 14 17.57 2.62 

[13]_2 S011 30 60.13 8.89 30 69.07 8.87  [34]_1 S035 48 38.48 19.08 42 67.38 18.39 

[35] S012 59 64.75 8.8 59 81.69 10.19  [34]_2 S036 40 62.63 20.88 42 67.38 18.39 

[36]_1 S013 12 3.88 0.48 15 4.46 0.36  [34]_3 S037 48 4.07 0.69 42 4.16 0.6 

[36]_2 S014 7 3.14 0.64 15 4.46 0.36  [34]_4 S038 40 4.08 0.66 42 4.16 0.6 

[36]_3 S015 12 3.39 0.3 15 3.91 0.57  [34]_5 S039 48 3.78 0.9 42 3.96 0.66 

[36]_4 S016 7 3.33 0.63 15 3.91 0.57  [34]_6 S040 40 4 0.72 42 3.96 0.66 

[36]_5 S017 12 3.82 0.61 15 3.61 0.56  [37] S041 34 4.94 2.13 32 6.53 2.37 

[36]_6 S018 7 2.81 0.62 15 3.61 0.67  [38]_1 S042 14 135.29 25.39 14 162.92 25.57 

[11]_1 S019 25 25.39 5.9 25 36.25 3.45  [38]_2 S043 14 8 1.36 14 8.64 0.93 

[11]_2 S020 36 23.61 3.45 36 36.25 2.32  [38]_3 S044 14 2.92 0.35 14 2.94 0.43 

[30]_1 S021 25 64.6 19.41 48 65.49 16.43  [39] S045 30 68 14.86 30 48.8 16.52 

[30]_2 S022 25 73.64 18.95 48 77.32 16.39  [40]_1 S046 30 75.27 8.89 30 83.73 6.91 

[30]_3 S023 25 66.64 23.51 48 72.08 17.59  [40]_2 S047 30 68.7 6.17 30 75.9 4.54 

[30]_4 S024 25 81.45 30.03 48 92.77 15.63          

 

 

Then, in addition to assuming heterogeneity to support the choice of a random or fixed model, 

researchers need to guarantee that the data is free from publication bias. Proving freedom from bias uses 

identification based on funnel plots and the Fail-Safe N formula. Identification of freedom of publication bias 

in funnel plots is based on the symmetry of the point distribution. Meanwhile, determining freedom of 

publication bias can be based on the Fail-Safe N formula, namely the file-safe value N>5K+10 where K is 

the amount of data [41]. 

 

2.3.  Determine the effect of size 

This research model is a group contrast model of standardized experimental and control design. The 

standardization process is needed to produce proportional aggregates because the scale of the data collected 

varies [22]. After the standardization process is carried out, the data can be calculated to find the effect size 

𝑑. However, to minimize bias, the effect size and standardized error were transformed using the 

recommended formula [42]. The analysis process was assisted by R software with the meta and metaphor 

packages. Then the total effect size findings can be classified as in Table 3 [43]. 

 

 

Table 3. Effect size categories results of meta-analysis of contrast group mode 
Effect Size Category 

0–0.19 No effect 
0.20–0.49 Small 
0.50–0.79 Medium 
0.80–1.29 Large 

Above 1.30 Very large 

 

 

2.4.  Moderator variable analysis  

The moderator variable is another variable that can be used to provide a more in-depth explanation 

regarding the general description of the role of eBooks in the learning process. The moderator variable will 

be able to provide a deeper meaning related to the total effect size findings. In this study, 8 moderator 

variables were used as material for interpretation, namely subject, grade, type, competency, information base, 

eBook implementation era, and class size. The technique for inferring various moderator variables utilized 

analysis of variance (ANOVA)-like analysis techniques. The results of an ANOVA-like analysis provided 

detailed information on the position of each category of moderator variables. Interpretation criteria were 

based on the p-value. If the p-value <5% “95% confidence level” then it shows significant differences 

between categories in the moderator variable group. Table 4 is a description of each moderator variable. 
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Table 4. Moderator variables 
Mod Var Category f % Mod Var Category f % Mod Var Category f % 

Subject Language 24 51.1% Competence Attitude 10 21.3% Grade Kindergarten 4 8.5% 

Social science 3 6.4% Knowledge 24 51.1% Elementary 26 55.3% 

Natural science 6 12.8% Skill 13 27.7% Junior high school (JHS) 4 8.5% 

Math 14 29.8% Era Pre covid 22 46.8% Senior high school (SHS) 8 17.0% 

Type Interactive 16 34.0% Covid 19 40.4% University 5 10.6% 

Non-Interactive 31 66.0% Post covid 6 12.8% Based Visual 40 85.1% 

        Audio 7 14.9% 

 

 

3. RESULTS AND DISCUSSION 

By considering the character of the data, the data analyzed in this study was heterogeneous. 

However, statistical proof is needed to ensure the heterogeneity of the data. The first proof of heterogeneity 

was shown by the T2 statistic. The analysis results showed 𝑇2 = 0.6458 [0.4323; 1.1569] > 0 so the data was 

heterogeneous. The second proof was based on 𝐼2 statistics. Based on the analysis, it was identified that  

𝐼2 = 88.4% [85.4%; 90.8%] so that the data was heterogeneous and fell into the substantially heterogeneous 

category. The third proof was based on the Q statistic. The p-value of Q was very small, it is close to 0, so the 

data was heterogeneous. Based on the three methods, it can be concluded that the data was heterogeneous so 

the characteristic assumptions were supported by statistical evidence. Thus, the selection of the random effect 

model was appropriate to use in data analysis in this research. 

 

3.1.  Publication bias 

Another test that must be carried out is the freedom of data from publication bias. Proving the 

freedom of data from publication bias was carried out using two methods, namely funnel plot and Fail-Safe 

N. The results of the analysis produced a funnel plot image as in Figure 2.  

In general, the point image on the funnel plot showed a symmetrical distribution. However, funnel 

plot-based visual identification has an element of subjectivity because the distribution of points was not 

symmetrical. Thus, the claim of a symmetric point distribution can be debated. Therefore, the claim of 

symmetrical distribution was proven using the Fail-Safe N calculation using the Rosenthal approach method. 

The analysis results showed that the Fail-Safe value was N=6171 “95% confidence level.” The conclusion 

criterion for freedom from publication bias is if N>5K+1 “N is the Fail-Safe N value and K is the number of 

studies/data.” With K=47 then 5K+1=236, which is far below N=6171. Based on these criteria, the 

assumption of a symmetric point distribution was supported by the Fail-Safe N value which showed that the 

data was free from publication bias. Freedom from publication bias indicates that the data from the analysis 

can be trusted in describing the influence of using eBooks in the learning process. 

 

 

 
 

Figure 2. Funnel plot 

 

 

3.2.  Total effect size 

After the assumptions were proven, the researcher carried out an analysis process to find the effect 

size for each study and the total effect size. The results of the effect size profiles and standard errors from 

each study were found and became the basis for determining the total effect size. The results of the analysis 

showed the total effect size with the random model was 0.86 [0.61; 1.11] with a p-value <5% “95% 

confidence interval.” It indicated that there was a positive use of eBooks on learning outcomes. If put into 

categories, the total effect size showed that there was a large effect [43]. In more detail, the results of the 

analysis can be seen in the forest plot in Figure 3. 
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Figure 3. Forest plot 

 

 

The meta-analysis findings are in line with several previous studies [9], [44], [45] which stated that 

the use of eBooks makes a positive contribution to student performance in the learning process. This positive 

effect is related to the ease and flexibility of eBooks in presenting learning content to their users. Apart from 

that, eBooks that have interactive features can also make learning time more efficient as well as grow and 

strengthen the connection between users and the learning content in the eBook. 

 

3.3 Moderator variables analysis 

The general description of the positive influence of using eBooks on the learning process can be 

followed up with an analysis of other variables. In this study, other variables that were also analyzed were 

categorized into moderator variables, namely subject “language, social sciences, natural science, and 

mathematics,” grade “kindergarten, elementary, junior high school, senior high school, university,” type 

“interactive and not interactive,” competencies developed “attitudes, knowledge, and skills,” era “pre covid, 

covid and post covid,” and class size “small and large.” The results of the moderator variable analysis were 

summarized in the forest plot in Figure 4. The results of the moderator variable analysis in Figure 4 showed 

various conditions for each variable. Researchers found that from 2018 to 2023, research on the influence of 

the use of eBooks on the learning process was carried out on three continents, namely Asia, America, and 

Europe. 

The second moderator variable, namely subjects, showed that there were differences in the positive 

effects of eBooks in terms of each subject because p-value=0.03<0.05 “95% confidence level.” If we look at 

the effect size for each category, it shows that the positive effect of eBooks on the science, social studies, and 

mathematics subject groups is relatively the same. Meanwhile, the positive effect of eBooks for the language 

learning subject was relatively lower than for the other three subjects. This happens because each subject has 

different characteristics, so the positive effect of eBooks on learning in each subject also varies. Language 

subjects have a more complex range of learning dimensions compared to science, social studies, and 

mathematics. The competencies and skills developed in language subject learning are more comprehensive, 

including reading, listening, writing, and speaking in a wider context [46]. Apart from that, the use of eBooks 

in language learning tends to be involved in developing basic literacy aspects, namely reading [20].  
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Figure 4. Interaction and forest plot of moderator variables 

 

 

Educational level was also one of the moderator variables which showed a p-value <0.01<0.05 

“95% confidence level.” It means that there were differences between categories. The university category 

was the category with the highest eBook effect compared to other categories. The intensive use of 

technology, especially eBooks in learning requires users to be autonomous in learning. At the university 

level, students can use cognitive and metacognitive learning strategies according to preferences [47] to 

increase learning achievement, one of which is by using technology, namely eBooks. 

The next moderator variable was interactive and non-interactive eBooks. The analysis results 

showed that p-value=0.58>0.05 “95% confidence level.” The results of this analysis showed that there was 

no difference in the effects of interactive and non-interactive eBooks. Both types have almost the same effect. 

It is supported by previous research which states that interactive and non-interactive eBooks both have a 

positive impact on learning outcomes [48] regardless of whether there are interactive features in them or not.  

The balance of competency development is one of the widely studied issues nowadays. Balanced 

development of attitudes, knowledge, and skills is a target set by many governments in the world. Data in the 

networking process also showed variations in the expected outcomes from using eBooks. The analysis results 

indicated that p-value=0.09>0.05 “95% confidence level.” It means that there were no significant 

differences between categories. A more contextual conclusion showed that eBooks have the same influence 

when used to improve learning outcomes in the domains of attitudes, knowledge, and skills. This is because 

eBooks were developed to expand the reach of learning in the classroom into virtual form [49] so that they 

have a balanced focus on the domains of attitudes, knowledge, and skills.  

Recently, books consisted of two information bases, namely visual and audio. Visual eBooks are a 

duplication of conventional “printed” books in virtual form. Meanwhile, audio eBooks are the conversion of 

visual books into audio-based or other formats with structured scientific content like books delivered by 

narrators. Current technological sophistication makes the opportunities for providing inclusive education 

even greater. The combination of visual and audio gives sensory disabilities options that suit their comfort in 

accessing information. The analysis results showed that p-value=0.23>0.05 “95% confidence level.” It 

indicates that audio eBooks and visual eBooks provide the same positive impact on the learning process. 

Therefore, although audio and visual eBooks support the achievement of learning objectives in different 

ways and different aspects [50], in general, the learning objectives to be achieved are integral, 

complementary, and cannot be separated from each other.  

The research results were classified into 3, namely the pre-covid period “before 2020,” the COVID 

period “2020 – 2021,” and the post-covid period “2022 and above.” Education in the last 6 years has been 

very dynamic due to the 2019 Covid pandemic. The learning process has changed so quickly from offline, 
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online, blended, back to offline. These certainly have a lot of influence on students’ and teachers’ behavior. 

The results of the analysis showed a p-value <0.01<0.05 “95% confidence level,” which means there was a 

difference in the influence of eBooks on the learning process before COVID-19, during COVID-19 and after 

COVID-19. The implementation of eBooks during the Covid period was a period when the positive influence 

of eBooks was relatively small compared to the period before and after Covid. During the COVID-19 

pandemic, the emergence of various new digital communication tools occurred massively to deal with 

distance learning conditions. Digital technology used for learning is categorized into several groups such as 

social media, messengers, video conferences, letters, and connecting tools [51]. Thus, it makes teachers and 

students utilize various forms of digital communication tools as learning intermediaries that are selected and 

adapted to their needs, so they are not only focused on eBooks. 

The last moderator variable was class size which was used to identify the suitability of the eBook 

based on the number of students in the class. The results of the analysis showed that the number of students 

in the class was not a variable that had a positive impact. This conclusion was based on the p-value 

=0.18>0.05 “95% confidence level.” In using eBooks, digital tools tend to be used individually and 

personally [52]. Moreover, the use of eBooks is only related to the availability of facilities and infrastructure 

so the number of students in the class is not a determining variable. 

 

 

4. DISCUSSION 

This research shows that eBooks have a positive influence on student learning outcomes in general. 

For more in-depth information, it can be explored by paying attention to the results of the moderator variable 

analysis. The results of the moderator variable analysis show that eBooks have an equally good influence 

when viewed from the subject aspect “the lowest effect is in language lessons even though it is still in the 

positive category,” school level “the greatest effect of eBooks used for studying at universities,” and 

implementation time “the use of eBooks does not have much of an effect during the pandemic.” Apart from 

that, the results of the analysis found that eBooks had an equally good effect when viewed from the type of 

eBook, the competencies developed, the information base, and the number of students in one class.  

These findings complement various research conducted by several previous researchers. 

Wijaya et al. [9] in their meta-analysis study found that eBooks had a positive influence on mathematics and 

STEM learning outcomes. Egert et al. [53], with meta-analysis, found that the use of eBooks has a positive 

impact on the process of caring for pre-school children. More specifically, it was stated that the eBook 

activity was also superior to the activity of reading printed story books. Meta-analysis results that were 

similar to those of Egert et al. were also found by Savva et al. [54] with subjects of grade 2 students  and 

Swanson with subjects of grade 12 students [20]. Thus, the general description of this research is 

accompanied by detailed findings based on moderator variables, providing enrichment to the results of 

previous research.  

There is one finding that is beyond the expectations of the general mindset, namely that there is no 

difference between interactive and non-interactive books. Logically, interactive books can make students 

more active [55]. Apart from that, learning motivation and endurance also become more manageable [56]. 

However, the findings from the analysis show something different. This is part of the limitations of meta-

analysis research which makes researchers unable to confirm findings that are considered unusual [23]. The 

rational search for findings can be traced through various literature or research results [57]. The rationale for 

why interactive and non-interactive eBooks do not provide significant differences is the situational conditions 

of the learning process and the quality of the interactive eBook. No matter how good the learning media is, if 

the learning situation does not support it then the results will not be optimal [58]. Apart from that, the quality 

of interactive eBooks can also be a cause. Creating media that can provide maximum positive effects is 

certainly not easy. If it is produced with poor quality, the effect on learning may not be optimal [59].  

Based on the results of this meta-analysis research, there is a strengthening of the argument that 

eBooks have a positive influence on learning. The policy to develop various eBooks is one solution to 

strengthening the quality of the educational process. An in-depth study is needed regarding the production of 

quality eBooks so that the potential for student learning outcomes can be maximized. Every subject and 

every level of education definitely has unique characteristics that must be adapted [22]. 

 

 

5. CONCLUSION 

Meta-analysis research to conclude the influence of eBooks on the learning process uses a random 

effect model due to the heterogeneous characteristics of the data which is confirmed by statistics 𝑇2, 𝐼2, and 

𝑄. The data collected and analyzed showed that it is free from publication bias with the safe N File. Thus, the 

data is feasible to proceed to meta-analysis. The results of the analysis showed that there is a large “positive” 
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effect as indicated by a p-value <0.001<5% “95% confidence interval” and a total effect size = 0.86 [0.61; 

1.11]. In a more in-depth investigation through moderator variable analysis, the results were found that: i) in 

America, eBooks did not have greater influence as in Asia and Europe; ii) the language learning group did 

not have significant influence as in the science, social studies and mathematics groups; iii) universities are 

the best level for implementing eBooks; iv) during the COVID era eBooks did not have a big influence; and 

v) there were no differences for each category in the type of competency developed, eBook information base, 

eBook type, and class size. It can be stated from the latest findings that eBooks have an equally good effect 

on all conditions which are influenced by the type of competency developed, the eBook information base, the 

type of eBook, and class size. 

 

 

REFERENCES 
[1] J. Arlinwibowo, H. Retnawati, and B. Kartowagiran, “The impact of ICT utilization to improve the learning outcome: a meta-

analysis,” International Journal of Evaluation and Research in Education, vol. 11, no. 2, pp. 522–531, Jun. 2022, doi: 

10.11591/ijere.v11i2.22112. 

[2] J. Arlinwibowo, H. Retnawati, B. Kartowagiran, and G. K. Kassymova, “Distance learning policy in Indonesia for facing 

pandemic COVID-19: school reaction and lesson plans,” Journal of Theoretical and Applied Information Technology, vol. 98, no. 

14, pp. 2828–2838, 2020. 

[3] M. Marsigit et al., “Constructing mathematical concepts through external representations utilizing technology: an implementation 

in IRT course,” TEM Journal, vol. 9, no. 1, pp. 317–326, 2020, doi: 10.18421/TEM91-44. 

[4] A. N. Thanka, J. Natarajan, and M. A. Joseph, “Preference, challenges, and satisfaction with using e-Books: is there a gender 

difference among omani nursing students?,” International Journal of Interactive Mobile Technologies, vol. 17, no. 13,  

pp. 133–147, Jul. 2023, doi: 10.3991/ijim.v17i13.39409. 

[5] N. Newman, R. Fletcher, K. Eddy, C. T. Robinson, and R. K. Nielsen, “Reuters Institute digital news report 2023,” Reuters 

Institute for the study of Journalism, 2023, doi: 10.60625/RISJ-P6ES-HB13. 
[6] S. Kraus, P. Jones, N. Kailer, A. Weinmann, N. Chaparro-Banegas, and N. Roig-Tierno, “Digital transformation: an overview of 

the current state of the art of research,” Sage Open, vol. 11, no. 3, pp. 1–15, Jul. 2021, doi: 10.1177/21582440211047576. 

[7] J. Reis and N. Melão, “Digital transformation: a meta-review and guidelines for future research,” Heliyon, vol. 9, no. 1,  

pp. 1–19, Jan. 2023, doi: 10.1016/j.heliyon.2023.e12834. 

[8] P. Chen and S. K. Kim, “The impact of digital transformation on innovation performance - the mediating role of innovation 

factors,” Heliyon, vol. 9, no. 3, pp. 1–11, Mar. 2023, doi: 10.1016/j.heliyon.2023.e13916. 

[9] T. T. Wijaya, Y. Cao, R. Weinhandl, and M. Tamur, “A meta-analysis of the effects of e-Books on students’ mathematics 

achievement,” Heliyon, vol. 8, no. 6, pp. 1–9, Jun. 2022, doi: 10.1016/j.heliyon.2022.e09432. 

[10] L. Manley and R. P. Holley, “History of the eBook: the changing face of books,” Technical Services Quarterly, vol. 29, no. 4, pp. 

292–311, Oct. 2012, doi: 10.1080/07317131.2012.705731. 

[11] H. Ibrahim and A. S. H. Alqahtani, “The impact of adopting Web 2.0-based e-Book on student learning skills,” Eurasia Journal 

of Mathematics, Science and Technology Education, vol. 14, no. 6, pp. 2509–2522, Apr. 2018, doi: 10.29333/ejmste/90085. 

[12] M. Phadung and S. Dueramae, “The design and impact of interactive e-Book on academic language achievement to language 

minority students,” Journal of Physics: Conference Series, vol. 1097, no. 1, pp. 1–9, Sep. 2018, doi: 10.1088/1742-

6596/1097/1/012093. 

[13] K. Y. Saputri, S. Santoso, and A. Hindrayani, “Effectiveness of ARCS based economic e-Book to improve learning motivation 

and learning outcomes,” IOP Conference Series: Earth and Environmental Science, vol. 1808, no. 1, pp. 1–9, Mar. 2021, doi: 

10.1088/1742-6596/1808/1/012031. 

[14] M. P. Vidyarani and H. T. Harish, “Research institute scientists e-Books usage in india: a study,” Science and Technology 

Libraries, vol. 43, no. 3, pp. 267–273, Aug. 2024, doi: 10.1080/0194262X.2023.2245000. 

[15] H. Alshaya and A. Oyaid, “Designing and publication of interactive e-Book for students of Princess Nourah bint Abdulrahman 

University: an empirical study,” Journal of Education and Practice, vol. 8, no. 8, pp. 41–57, 2017. 

[16] M. Pölönen, T. Järvenpää, and J. Häkkinen, “Reading e-Books on a near-to-eye display: comparison between a small-sized 

multimedia display and a hard copy,” Displays, vol. 33, no. 3, pp. 157–167, Jul. 2012, doi: 10.1016/j.displa.2012.06.002. 

[17] D. Waller, “Current advantages and disadvantages of using E-Textbooks in Texas higher education,” Focus Colleges, 

Universities, and Schools, vol. 7, no. 1, pp. 1–6, 2023. 

[18] S. Benedetto, V. Drai-Zerbib, M. Pedrotti, G. Tissier, and T. Baccino, “E-Readers and visual fatigue,” PLoS ONE, vol. 8,  

no. 12, pp. 1–7, Dec. 2013, doi: 10.1371/journal.pone.0083676. 

[19] T. L. Wardani et al., “The effect of laptop usage behaviors on eye fatigue on work-from-home (WFH) lecturers during the Covid-

19 pandemic,” IOP Conference Series: Earth and Environmental Science, vol. 1098, no. 1, pp. 1–9, Oct. 2022, doi: 

10.1088/1755-1315/1098/1/012018. 

[20] E. Swanson, C. R. Austin, A. A. Stewart, and N. Scammacca, “A meta-analysis examining the effect of e-Book use on literacy 

outcomes for students in grades K–12,” Reading & Writing Quarterly, vol. 36, no. 5, pp. 480–496, Sep. 2020, doi: 

10.1080/10573569.2019.1696724. 

[21] P. Delgado, C. Vargas, R. Ackerman, and L. Salmerón, “Don’t throw away your printed books: a meta-analysis on the effects of 

reading media on reading comprehension,” Educational Research Review, vol. 25, pp. 23–38, Nov. 2018, doi: 

10.1016/j.edurev.2018.09.003. 

[22] J. Arlinwibowo, N. Ishartono, Y. Linguistika, D. Purwoko, and S. Suprapto, “Gamification in the STEM domain subject: the 

prospective method to strengthen teaching and learning,” Jurnal Pendidikan IPA Indonesia, vol. 12, no. 4, pp. 564–574, Dec. 

2023, doi: 10.15294/jpii.v12i4.48388. 

[23] T. Hernanda, A. Absori, A. Fitriciada, K. Wardiono, and J. Arlinwibowo, “Relationship between knowledge and affection for the 

environment: a meta-analysis.,” European Journal of Educational Research, vol. 12, no. 2, pp. 1071–1084, Apr. 2023, doi: 

10.12973/eu-jer.12.2.1069. 

[24] T. Hernanda and others, “The impact of environmental regulation implementation: a meta-analysis,” International Journal of 

Sustainable Development and Planning, vol. 18, no. 10, pp. 3235–3242, Oct. 2023, doi: 10.18280/ijsdp.181023. 

[25] M. J. Page et al., “The PRISMA 2020 statement: an updated guideline for reporting systematic reviews,” PLOS Medicine,  

vol. 18, no. 3, Mar. 2021, doi: 10.1371/journal.pmed.1003583. 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 15, No. 1, February 2025: 529-539 

538 

[26] M. Borenstein, “Effect sizes for continuous data,” in The Handbook of Research Synthesis and Meta-Analysis, 2nd ed., New 

York: Russell Sage Foundation, 2009, pp. 221–235. 

[27] H. Retnawati, E. Apino, H. Kartianom, H. Djidu, and R. D. Anafiza, Introduction to meta-analysis, Yogyakarta: Parama 

Publishing, 2018. 

[28] J. P. T. Higgins, “Measuring inconsistency in meta-analyses,” BMJ, vol. 327, no. 7414, pp. 557–560, Sep. 2003,  

doi: 10.1136/bmj.327.7414.557. 

[29] C. Chen, N. Jamiat, and Y. Mao, “The study on the effects of gamified interactive e-Books on students’ learning achievements 

and motivation in a Chinese character learning flipped classroom,” Frontiers in Psychology, vol. 14, pp. 1–14, Aug. 2023,  

doi: 10.3389/fpsyg.2023.1236297. 

[30] M. Tsuei, H.-W. Huang, and S.-F. Cheng, “The effects of a peer-tutoring strategy on children’s e-book reading comprehension,” 

South African Journal of Education, vol. 40, no. 2, pp. 1–12, May 2020, doi: 10.15700/saje.v40n2a1734. 

[31] C. Wood, L. Fitton, Y. Petscher, E. Rodriguez, G. Sunderman, and T. Lim, “The effect of e-Book vocabulary instruction on 

Spanish–English speaking children.,” Journal of Speech, Language, and Hearing Research, vol. 61, no. 8, pp. 1945–1969, Aug. 

2018, doi: 10.1044/2018_JSLHR-L-17-0368. 

[32] O. Segal-Drori, L. B. H. Kalmanovich, and A. Shamir, “Electronic book for promoting emergent math: a comparison between 

kindergarteners at risk for learning disabilities and with typical development,” Journal of Educational Computing Research, vol. 

57, no. 4, pp. 954–977, Jul. 2019, doi: 10.1177/0735633118769459. 

[33] F. H. Shatat, O. M. A. Aldalalah, and Z. W. Ababneh, “The impact of the e-Book on levels of Bloom’s pyramid at ECT students 

in light of the internal and external motivation to learn mathematics and statistics,” Asian Social Science, vol. 13, no. 2, pp. 49–63, 

Feb. 2017, doi: 10.5539/ass.v13n2p49. 

[34] J. Zhao, G.-J. Hwang, S.-C. Chang, Q. Yang, and A. Nokkaew, “Effects of gamified interactive e-books on students’ flipped 

learning performance, motivation, and meta-cognition tendency in a mathematics course,” Educational Technology Research and 

Development, vol. 69, no. 6, pp. 3255–3280, Dec. 2021, doi: 10.1007/s11423-021-10053-0. 

[35] A. Asrowi, A. Hadaya, and M. Hanif, “The impact of using the interactive e-Book on students’ learning outcomes,” International 

Journal of Instruction, vol. 12, no. 2, pp. 709–722, Apr. 2019, doi: 10.29333/iji.2019.12245a. 

[36] P. H. Lin, Y. M. Huang, and C. C. Chen, “Exploring imaginative capability and learning motivation difference through picture e-

Book,” IEEE Access, vol. 6, pp. 63416–63425, 2018, doi: 10.1109/ACCESS.2018.2875675. 

[37] G. Kartal and H. Simsek, “The effects of audiobooks on EFL students’ listening comprehension,” The Reading Matrix: An 

International Online Journal, vol. 17, no. 1, pp. 112–123, 2017. 

[38] B. Tusmagambet, “Effects of audiobooks on EFL learners’ reading development: focus on fluency and motivation,” English 

Teaching, vol. 75, no. 2, pp. 41–67, Jun. 2020, doi: 10.15858/engtea.75.2.202006.41. 

[39] A. Rahman and I. Hajar, “The effect of audiobook on reading comprehension of the eleventh grade students of SMA Negeri 2 

Buru,” ELT Worldwide: Journal of English Language Teaching, vol. 7, no. 2, pp. 103–115, Oct. 2020, doi: 

10.26858/eltww.v7i2.14931. 

[40] E. Aydın and M. Tunagür, “Effect of audiobook applications on listening skills and attitudes of 6th grade students: a mixed-

method study,” Bulletin of Education and Research, vol. 43, no. 3, pp. 1–21, 2021. 

[41] B. Mullen, P. Muellerleile, and B. Bryant, “Cumulative meta-analysis: a consideration of indicators of sufficiency and stability,” 

Personality and Social Psychology Bulletin, vol. 27, no. 11, pp. 1450–1462, Nov. 2001, doi: 10.1177/01461672012711006. 

[42] L. V. Hedges, “Distribution theory for glass’s estimator of effect size and related estimators,” Journal of Educational Statistics, 

vol. 6, no. 2, 1981, doi: 10.2307/1164588. 

[43] G. M. Sullivan and R. Feinn, “Using effect size - or why the P value is not enough,” Journal of Graduate Medical Education, vol. 

4, no. 3, pp. 279–282, Sep. 2012, doi: 10.4300/JGME-D-12-00156.1. 

[44] V. Clinton-Lisell, B. Seipel, S. Gilpin, and C. Litzinger, “Interactive features of E-texts’ effects on learning: a systematic review and 

meta-analysis,” Interactive Learning Environments, vol. 31, no. 6, pp. 3728–3743, 2023, doi: 10.1080/10494820.2021.1943453. 

[45] G. Mothibi, “A meta-analysis of the relationship between E-learning and students’ academic achievement in higher education,” 

Journal of Educational and Practice, vol. 6, no. 9, pp. 6–9, 2015. 

[46] J. Newton, “Teaching language skills,” in The Routledge Handbook of English Language Teaching, 2016, pp. 428–440. 

[47] M. Radovan, “The influence of self-regulated learning and age on success in studying,” Journal of Contemporary Educational 

Studies, 2016. 

[48] L. Chang, T.-T. Wu, and C.-Y. Su, “The influence of interactive and non-interactive e-Book on the learning effectiveness of high 

and low achievement nursing students,” in Innovative Technologies and Learning, Springer International Publishing, 2019, pp. 

14–23. 

[49] M. Figueiredo, J. Bidarra, and R. Bostad, “The development of an eBook for teaching and learning mathematics,” in Universal 

Access in Human-Computer Interaction. Users and Context Diversity, Springer International Publishing, 2016, pp. 49–56. 

[50] N. Y. Kim, “E-book, audio-book, or E-audio-book: the effects of multiple modalities on EFL comprehension,” English 

Teaching(South Korea), vol. 76, no. 4, pp. 33–52, 2021, doi: 10.15858/engtea.76.4.202112.33. 

[51] N. N. Pokrovskaia, V. L. Leontyeva, M. Y. Ababkova, L. Cappelli, and F. D’ascenzo, “Digital communication tools and 

knowledge creation processes for enriched intellectual outcome-experience of short-term E-learning courses during pandemic,” 

Future Internet, vol. 13, no. 2, pp. 1–22, 2021, doi: 10.3390/fi13020043. 

[52] J. Jung, S. Chan-Olmsted, B. Park, and Y. Kim, “Factors affecting e-book reader awareness, interest, and intention to use,” New 

Media & Society, vol. 14, no. 2, pp. 204–224, Mar. 2012, doi: 10.1177/1461444811410407. 

[53] F. Egert, A. K. Cordes, and F. Hartig, “Can e-Books foster child language? meta-analysis on the effectiveness of e-Book 

interventions in early childhood education and care,” Educational Research Review, vol. 37, Nov. 2022, doi: 

10.1016/j.edurev.2022.100472. 

[54] M. Savva, S. Higgins, and N. Beckmann, “Meta-analysis examining the effects of electronic storybooks on language and literacy 

outcomes for children in grades Pre-K to grade 2,” Computer Assisted Learning, vol. 38, no. 2, pp. 526–564, Apr. 2022, doi: 

10.1111/jcal.12623. 

[55] J. Susilowibowo and others, “The use of interactive E-Books digital literacy to improve student learning outcomes,” in 5th 

Vocational Education International Conference (VEIC 2023), Atlantis Press SARL, 2024, pp. 625–629. 

[56] J. Lim, G. E. K. Whitehead, and Y. Choi, “Interactive e-book reading vs. paper-based reading: comparing the effects of different 

mediums on middle school students’ reading comprehension,” System, vol. 97, Apr. 2021, doi: 10.1016/j.system.2020.102434. 

[57] S. Fajaruddin, H. Retnawati, C. Setiawan, E. Apino, J. Arlinwibowo, and D. Rachman, “Technology’s impact on language 

learning: meta-analysis on variables and effectiveness,” EduLearn, vol. 18, no. 2, pp. 512–525, May 2024, doi: 

10.11591/edulearn.v18i2.21119. 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Utilization meta-analysis to identify the convenience of eBooks (visual and audio) … (Jefri Mailool) 

539 

[58] H. Retnawati, S. Munadi, J. Arlinwibowo, N. Wulandari, and E. Sulistyaningsih, “Teachers’ difficulties in implementing thematic 

teaching and learning in elementary schools,” Teacher Education Network, vol. 48, no. 2, pp. 201–212, Jun. 2017, doi: 

10.15804/tner.2017.48.2.16. 

[59] J. Arlinwibowo, Y. Mustaqim, A. Prihandono, F. M. Hana, A. I. A. Ridwan, and A. Himayati, “Developing mathematical exercise 

software for visually impaired students,” Pedagogy, Education and Training in Engineering Research, vol. 3, no. 2, pp. 77–88, 

Apr. 2021, doi: 10.33292/petier.v3i2.81. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Jefri Mailool     is an associate professor at Institut Agama Kristen Negeri Manado. 

He completed his doctoral studies and received a doctor of educational research and evaluation 

in 2023. His research focuses on educational assessment and measurement, educational 

management, and teacher education. He can be contacted at jefri.mailool@iaknmanado.ac.id. 
 

 

 

  

 

Janu Arlinwibowo     is a researcher at the research center for education, National 

Research and Innovation Agency, Republic of Indonesia. He completed his doctoral studies 

and received a doctor of educational research and evaluation in 2022. His research focuses on 
mathematics education, STEM education, instructional technology, educational assessment 

and measurement, and education for students with special needs. He can be contacted at the 

email: janu.arlinwibowo@gmail.com. 

 
 

 

  

 

Yulia Linguistika     is a lecturer at the Primary School Teacher Education 

Department at Universitas Negeri Malang. She is currently pursuing her doctoral studies at 
The University of Adelaide in South Australia. Her research interests include mathematics and 

numeracy curriculum and pedagogy, primary education, teacher education and professional 

development, testing, assessment, and psychometrics. She can be contacted at the email: 

yulia.linguistika@adelaide.edu.au or yulia.linguistika.fip@um.ac.id. 

 

 

 

 

https://orcid.org/0000-0002-4718-4121
https://scholar.google.com/citations?hl=en&user=ULu0II8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57217535856
https://orcid.org/0000-0001-9566-9468
https://scholar.google.com/citations?user=0tVmCssAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57194702146
https://orcid.org/0000-0002-7254-0896
https://scholar.google.com/citations?user=mh3zXqYAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=58820280500

