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Abstract 
 
There are three objectives of this research. First, to see how much influence is exerted by the use of 
STEM-based integrated Science e-books in terms of education level. Second, to see how much 
influence is exerted by the use of STEM-based integrated Science e-books in terms of the teaching 
model. Third, to see how much influence of the use of STEM-based integrated Science e-books has 
on students' scientific literacy. The type of research used was meta-analysis research which aimed 
to review several past studies using a quantitative approach. Based on the learning material carried 
out with the heterogeneity test, it was found that only three subjects had different populations, 
namely impulse and momentum material, vibration and waves, as well as environmental pollution, 
the results obtained are 𝑄𝑄 < 𝑑𝑑𝑑𝑑 so that the hypothesis test obtained from the results of 𝑝𝑝 < 𝑎𝑎 in 
three eyes lesson 𝐻𝐻0 is rejected. Based on the level of education, the results show that elementary 
school, junior high school and senior high school levels show a value of 𝑄𝑄 > 𝑑𝑑𝑑𝑑 so that the results 
of hypothesis testing at the elementary school, junior high school and high school levels show that 
the value of 𝑝𝑝 > 𝑎𝑎, which indicate that testing the hypothesis 𝐻𝐻0 is accepted. The results of testing 
the hypothesis at the higher education level show that the 𝑝𝑝 < 𝑎𝑎, which shows that the hypothesis 
testing H0 is rejected. Based on scientific literacy testing of heterogeneity obtained 𝑄𝑄 > 𝑑𝑑𝑑𝑑 and 
using hypothesis testing the value of 𝑝𝑝 < 𝑎𝑎 𝐻𝐻0 is rejected. The results of the analyzed data can be 
concluded that the integrated Science e-books on literacy have an effect on scientific literacy skills. 
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INTRODUCTION 
 

In the era of industrial revolution, technological developments increase rapidly, 
globalization is increasingly rampant. Technological developments that have occurred have 
led to change in people's lifestyle patterns globally, causing the need for the availability of 
skilled human resources. Technological developments have an impact on various aspects 
of human’s life, including the field of education (Febrina, Leonard, & Astriani, 2020; 
Berliana et al., 2021). Education is the main basis for contributing to all sectors by 
providing what is needed both skills and knowledge. Skills in the 21st century are the main 
focus of education today, especially in integrated science education (Fuadi, 2020). For this 
reason, integrated Science learning needs to be properly implemented in Indonesia so that 
students have the skills needed in the 21st century (Mardianti et al., 2020). 

The 21st century skills are the basic needs needed in integrated Science learning. 
In the appropriate application of integrated Science, students need a skill called scientific 
literacy. Scientific literacy is one of the main skills needed in the 21st century (Fuadi, 
2020). Scientific literacy is a person's ability to apply his knowledge to identify questions, 
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to construct new knowledge, to provide scientific explanations, to draw conclusions based 
on scientific evidence, and the ability to develop a reflective mindset so that he is able to 
participate in overcoming issues and ideas related to Science (OECD, 2019). 

According to the results of the Program for International Students Assessment 
(PISA) in the field of Science, literacy in Indonesia is still relatively weak and experiencing 
a decline. According to the International Students Assessment (PISA) in the field of 
scientific literacy, the results of the 2015 PISA assessment show that Indonesian students 
only got a score of 403 out of the total the OECD average score was 493 while the results 
of the 2018 PISA assessment, Indonesian students fell to 396 (Mukharomah et al., 2021). 
This shows that the ability of scientific understanding of students in Indonesia is still low. 
STEM creates problem-oriented learning in everyday life. Learning with the STEM 
approach students can be trained to apply the knowledge they have acquired at school to 
phenomena that occur in the real world and the STEM approach is action-oriented because 
it involves solving real problems that are located in the context of the students themselves 
(Ling et al., 2019).” 

The STEM approach causes the creation of human resources who can solve 
environmental problems and can apply their knowledge into technology that can reduce 
damage and issues related to global issues so that the STEM approach model is effective 
because students use it in class (Jowsey et al., 2020). In its application, the STEM approach 
class can be implemented with the help of teaching materials. Teaching materials are 
divided into 2 types, namely printed and non-printed teaching materials. Examples of 
printed teaching materials comprise of books, documents, modules, brochures, and 
student’s worksheets. While non-printed teaching materials include audio teaching 
materials, such as cassettes, radio, LPs, and compact disks as well as e-books. One that can 
be accessed by students anywhere and anytime is a digital book or e-book (Aydin & 
Aytekin, 2018). E-books are one of the suitable teaching materials integrated with the 
STEM approach. This is in accordance with research conducted by Andaresta (2021) which 
states that the application of STEM-based e-books in learning does not only emphasize 
mastery of concepts but trains scientific literacy (Andaresta, 2021). 

The application of e-books with the STEM approach in increasing scientific 
literacy is not effective at all levels of education. This statement is proven based on research 
conducted by Ananda (2021) which states that STEM is most effectively used at senior 
high school level while for junior high school and elementary school it is less effective and 
based on research conducted by Putri (2022) the application of the STEM approach in 
learning is most effective at the elementary school and senior high school. Based on these 
two studies, there is a conflict between the effectiveness of using STEM integration in 
learning so that on this basis, it is necessary to analyze the effect size of the influence of 
STEM-based integrated Science e-books on students' scientific literacy so that the 
application of STEM in increasing students' scientific literacy is right on target. The 
formulation of the research problem is how to influence the use of STEM-based integrated 
Science e-books on students' scientific literacy in terms of educational level, types of 
teaching models and domains of learning outcomes. There are three objectives of this 
research. First, to see how much influence is exerted by the use of STEM-based integrated 
Science e-books in terms of education level. Second, to see how much influence is provided 
by the use of STEM-based integrated Science e-books reviewed from the initial model. 
Third, to see how much influence is exerted by the use of STEM-based integrated Science 
e-books on the realm of students' literacy learning outcomes 
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METHOD 
 
 Research meta-analysis was a method used to quantitatively review a number of 
previous studies. Due to the meta-analysis research, a quantitative approach was used. 
Analyzing quantitative data from previous research to determine whether the research 
hypothesis was valid or not becoming the basis for data analysis activities. The data to be 
analyzed came from several articles. The data collection was carried out by browsing 
several articles on online journal sites such as Google Scholar. The search was carried out 
using several keywords such as e-book, STEM, and scientific literacy. Based on these 
keywords, several articles related to the searched keywords appeared, then a selection was 
made of the articles that appeared. After that, choosing articles that met the criteria then 
selecting articles that met the criteria for the integrated Science e-book on STEM-based 
student science literacy. 
 The stages of meta-analysis research in outline, there were five stages of meta-
analysis, as follows: first, defining the problem. Second, collecting available literature. 
Third, converting and correcting the statistical data. Fourth, determining the typical 
information obtained. Fifth, taking into account the various effects observed. The size of 
the influence of a variable on other variables is the size of the effect. Using statistical data 
from each journal, a conversion formula can be used to calculate effect sizes. 
 
  Table 1. Effect Size Determination 
No.  Statistics Formula 
1. The effect size 

formula for the 
two-sample 
comparison test 
related to the 
pretest-posttest 
mean and pretest-
posttest standard 
deviation 

𝐸𝐸𝐸𝐸 (𝑑𝑑) =
𝑋𝑋�𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑋𝑋�𝑝𝑝𝑝𝑝𝑝𝑝
𝐸𝐸𝑆𝑆𝑤𝑤𝑤𝑤𝑝𝑝ℎ𝑤𝑤𝑖𝑖

 

 

𝐸𝐸𝑆𝑆𝑤𝑤𝑤𝑤𝑝𝑝ℎ𝑤𝑤𝑖𝑖 =  �
𝐸𝐸𝑆𝑆𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2 − 𝐸𝐸𝑆𝑆𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2

2
 

2. The effect size 
formula for a 
comparison test 
of two 
independent 
samples. Used if 
it was known 
only the posttest 
data from the 
mean and 
standard 
deviation of the 
two sample 
groups. 

𝐸𝐸𝐸𝐸 (𝑑𝑑) =
𝑋𝑋�𝐸𝐸 − 𝑋𝑋�𝐶𝐶
𝐸𝐸𝑆𝑆𝑤𝑤𝑤𝑤𝑝𝑝ℎ𝑤𝑤𝑖𝑖

 

 

𝐸𝐸𝑆𝑆𝑤𝑤𝑤𝑤𝑝𝑝ℎ𝑤𝑤𝑖𝑖 = �
(𝑛𝑛𝐸𝐸 − 1)𝐸𝐸𝑆𝑆𝐸𝐸2 + (𝑛𝑛𝑐𝑐 − 1)𝐸𝐸𝑆𝑆𝐶𝐶2

𝑛𝑛𝐸𝐸 +  𝑛𝑛𝑐𝑐−2
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No.  Statistics Formula 
3. The effect size 

formulas for two 
independent 
sample groups for 
the posttest 
pretest mean 
scores and the 
pretest standard 
deviation for the 
experimental 
class were 
known, the 
pretest posttest 
mean scores, 
pretest standard 
deviations and 
posttest control 
groups were 
known 

 

𝐸𝐸𝐸𝐸 =
(𝑋𝑋�𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑋𝑋�𝑝𝑝𝑝𝑝𝑝𝑝)𝐸𝐸 − (𝑋𝑋𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑋𝑋�𝑝𝑝𝑝𝑝𝑝𝑝)𝐶𝐶

𝐸𝐸𝑆𝑆𝑤𝑤𝑤𝑤𝑝𝑝ℎ𝑤𝑤𝑖𝑖
 

 
SDwithin= 

�
(𝑖𝑖𝐸𝐸−1)𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸2 + (𝑖𝑖𝑐𝑐−1)𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2+(𝑖𝑖𝐸𝐸−1)𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐸𝐸2 + (𝑖𝑖𝑐𝑐−1)𝑆𝑆𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝2

2(𝑖𝑖𝐸𝐸+ 𝑖𝑖𝑐𝑐−2)
 

 

4. t count 
𝐸𝐸𝐸𝐸 = 𝑡𝑡�

1
𝑛𝑛𝐸𝐸

+
1
𝑛𝑛𝐶𝐶

  

5. To obtain the d 
variance for the 
two groups 

𝑉𝑉𝑑𝑑 =
𝑛𝑛𝐸𝐸 + 𝑛𝑛𝑛𝑛
𝑛𝑛𝐸𝐸𝑛𝑛𝑛𝑛

+
𝑑𝑑2

2(𝑛𝑛𝐸𝐸 + 𝑛𝑛𝑛𝑛 )
 

   
6. Variance value d 

for one group 
data 

𝑉𝑉𝑑𝑑 =
1
𝑛𝑛

+
𝑑𝑑2

2(𝑛𝑛) 

7. Standard error of 
d 

𝐸𝐸𝐸𝐸𝑑𝑑 = √𝑉𝑉𝑑𝑑 

8. The correction 
factor was J 𝐽𝐽 = 1 −

3
4𝑑𝑑𝑑𝑑 − 1

 

The df values for the two independent groups viz 
df = nE + nc − 2 . 

df value for one group ie 
df = n −1. 

9. Effect size value 𝑔𝑔 = 𝐽𝐽 x 𝑑𝑑 
10. Variance value V𝑔𝑔 = 𝐽𝐽2 x 𝑉𝑉𝑑𝑑 
11. Standard error 𝐸𝐸𝐸𝐸𝑔𝑔 = �𝑉𝑉𝑔𝑔 

(Becker, 2011).  
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Table 2. Effect Size Determination Summary Fixed Effect Model 
No. Statistics Formula 
1. Fixed effect model 

𝑀𝑀 =
∑ 𝑊𝑊𝑤𝑤𝑌𝑌𝑤𝑤𝑘𝑘
𝑤𝑤=𝑙𝑙
∑ 𝑊𝑊𝑤𝑤
𝑘𝑘
𝑤𝑤=𝑙𝑙

 

Where, 

𝑊𝑊𝑤𝑤 =
1
𝑉𝑉𝑌𝑌𝑤𝑤

 

2. Effect variance 
(VM)  𝑉𝑉𝑀𝑀 =

1
∑ 𝑊𝑊𝑤𝑤
𝑘𝑘
𝑤𝑤=𝑙𝑙

 

3. Standard error 
effect (SEM) 

 𝐸𝐸𝐸𝐸𝑀𝑀 = � 𝑉𝑉𝑀𝑀 

4. Lower limit 
(LLM) and Upper 
limit (ULM)  

𝐿𝐿𝐿𝐿𝑀𝑀 = 𝑀𝑀 − 1.96 𝑥𝑥 𝐸𝐸𝐸𝐸𝑀𝑀 
𝑈𝑈𝐿𝐿𝑀𝑀 = 𝑀𝑀 + 1.96 𝑥𝑥 𝐸𝐸𝐸𝐸𝑀𝑀 

5. Test the 
hypothesis by 
calculating the 
value of Z 

𝑍𝑍 =
𝑀𝑀
𝐸𝐸𝐸𝐸𝑀𝑀

 

p – value one – tailed test:  
p* = 1 -φ (±Z*) 

p – value two – tailed test:  
p* = 2[1 -φ (±Z*) 

 
Table 3. Determination of Effect Size Random Effect Model 

No. Statistics Formula  
1. Random effect 

model 𝑇𝑇2 =
𝑄𝑄 − 𝑑𝑑𝑑𝑑
𝑛𝑛

 
Q represented the variability between study means (a 
measure of heterogeneity). 

𝑄𝑄 = � (𝑊𝑊𝑤𝑤𝑌𝑌𝑤𝑤)2
𝑘𝑘

𝑤𝑤=𝑙𝑙
−
∑ (𝑊𝑊𝑤𝑤𝑌𝑌𝑤𝑤)2𝑘𝑘
𝑤𝑤=𝑙𝑙  
∑ 𝑊𝑊𝑤𝑤
𝑘𝑘
𝑤𝑤=𝑙𝑙

 

Where, 
 

𝑛𝑛 = � 𝑊𝑊𝑤𝑤

𝑘𝑘

𝑤𝑤=𝑙𝑙
−
∑ 𝑊𝑊𝑤𝑤

2𝑘𝑘
𝑤𝑤=𝑙𝑙

∑ 𝑊𝑊𝑤𝑤
𝑘𝑘
𝑤𝑤=𝑙𝑙

 

And,   
𝑊𝑊𝑤𝑤 =

1
 𝑉𝑉𝑦𝑦𝑤𝑤

 

 
𝑑𝑑𝑑𝑑 = 𝑘𝑘 − 1  

2. Significant or 
heterogeneous 
differences in 
effect size 

𝐼𝐼2 = 𝑚𝑚𝑎𝑎𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 (0,
𝑄𝑄 − 𝑑𝑑𝑑𝑑
𝑄𝑄

X 100% 

3. Weighted mean 
effect (M*) 𝑀𝑀∗ =

∑ 𝑊𝑊𝑤𝑤
∗𝑌𝑌𝑤𝑤𝑘𝑘

𝑤𝑤=𝑙𝑙
∑ 𝑊𝑊𝑤𝑤

∗𝑘𝑘
𝑤𝑤=𝑙𝑙

 

Where,  

𝑊𝑊𝑤𝑤
∗ =

1
𝑉𝑉∗𝑌𝑌𝑤𝑤

 

And,  
𝑉𝑉∗𝑌𝑌𝑤𝑤 =  𝑉𝑉𝑦𝑦𝑤𝑤 + 𝑇𝑇2 
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No. Statistics Formula  
4. Standard error 

effect (SEM*) 
𝐸𝐸𝐸𝐸𝑀𝑀∗=√𝑉𝑉𝑀𝑀∗ 

 
5. Lower limit 

(LLM*) and 
Upper limit 
(ULM*) 

𝐿𝐿𝐿𝐿𝑀𝑀∗ = 𝑀𝑀∗ − 1.96 𝑥𝑥 𝐸𝐸𝐸𝐸𝑀𝑀∗ 
𝑈𝑈𝐿𝐿𝑀𝑀∗ = 𝑀𝑀∗ + 1.96 𝑥𝑥 𝐸𝐸𝐸𝐸𝑀𝑀∗  

6. Calculating the 
value of Z to test 
the null hypothesis 
(H0 : true effect θ 
= 0) 

𝑍𝑍 =
𝑀𝑀∗

𝐸𝐸𝐸𝐸𝑀𝑀∗
 

p – value one – tailed test : 
p* = 1 -φ (±Z*) 

p – value two – tailed test : 
p* = 2[1 -φ (Z*)] 

 
Table 4. Category of Securities Size Value 

No.  Effect Size  Category 
1. ES ≤ 0,15  Very low 
2. 0,15 < ES ≤ 0,40  Low 
3. 0,40 < ES ≤ 0,75  Medium   
4. 0,75 < ES ≤ 1,10  High 
5. ES≥1,45  Very high 

 (Dincer, 2015) 
 
 
RESULTS & DISCUSSION 
 
Results 
 

This research examines how the STEM-based integrated Sciences e-book affects 
students' science literacy by reviewing and analyzing several past studies. The data to be 
analyzed comes from several relevant articles of the last 5 years with articles that also help 
in determining the effect size of the articles. Data was collected by researchers from various 
sources, including Google Scholar and others. A total of 20 journals were selected based 
on certain criteria. The search was carried out using several keywords such as e-book, 
STEM, and scientific literacy. Based on these keywords, several articles related to the 
searched keywords appeared, then a selection was made of the articles that appeared. After 
that, selecting articles that met the criteria for analysis. 

 
Processing Effect Size on Each Article 
 

Based on the research that has been carried out, the results obtained from data 
processing were carried out to see the results of the effect size and summary effect size of 
the influence of the STEM-based integrated Sciences e-book on students' scientific literacy 
based on class level, learning material, learning model and approach used. There are three 
parts to the results of the calculation of the 20 journals mentioned above. First, the influence 
of integrated science e-books on the students' science literacy. Second, the influence of the 
integrated science e-book based on the level of education. Third, the influence of the 
integrated science e-book based on the class level. Fourth, the effect of integrated science 
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e-books based on the learning models and approaches. Article codification as shown in 
Table 5 below. 
 

Table 5. Processing Effect Size of Each Article 
Processing Effect Size of Each Article 

Article 
Code D Vd Sed df J 

g(Yi) 
(Effect 
Size) 

Vg (Vyi) Seg 

A1 1.65 0.08 0.29 62 0.99 1.63 0.24 0.49 
A2 3.1 0.09 0.29 102 0.99 3.08 0.09 0.29 
A3 5.7 0.20 0.44 102 0.99 5.66 0.19 0.44 
A4 0.4 0.06 0.25 62 0.99 0.39 0.06 0.25 
A5 0.96 0.07 0.27 62 0.99 0.95 0.07 0.26 
A6 0.06 0.07 0.26 60 0.98 0.06 0.06 0.25 
A7 1.17 0.07 0.27 62 0.99 1.16 0.07 0.27 
A8 0.72 0.07 0.26 62 0.99 0.71 0.07 0.26 
A9 0.23 0.06 0.04 62 0.99 0.23 0.06 0.25 
A10 0.11 0.07 0.26 58 0.99 0.13 0.07 0.26 
A11 0.24 0.34 0.59 10 0.92 1.16 0.29 0.53 
A12 5.8 0.35 0.59 58 0.99 5.73 0.34 0.59 
A13 1.72 0.07 0.26 62 0.99 1.70 0.07 0.26 
A14 1.95 2.82 1.68 64 0.99 1.93 2.75 1.66 
A15 0.71 0.06 0.25 62 0.99 0.68 0.06 0.25 
A16 1.29 0.07 0.26 69 0.99 1.28 0.07 0.26 
A17 0.72 0.26 0.51 48 0.98 0.71 0.25 0.50 
A18 0.81 0.50 0.71 156 1.00 0.80 0.50 0.70 
A19 2.2 1.10 1.05 48 0.98 2.17 1.07 1.03 
A20 0.91 0.41 0.64 62 0.99 0.89 0.40 0.63 

 
Based on the processing of the effect size of each article, the table illustrates the 

size of each study on how students' scientific literacy is affected by using integrated STEM-
based Science books. In general, the result of the average effect size of using STEM-based 
integrated Science e-books with an average of 1.55, students get very high ratings in the 
category of scientific literacy. This shows that STEM-based integrated science e-books can 
increase students' scientific literacy. Also according to research of Agustin et al., (2019) 
that the use of teaching materials such as e-books can increase students' understanding of 
the nature of Science. The nature of Science itself is the aspects contained in the dimensions 
of scientific competence, as well as scientific knowledge, all of which are components of 
scientific literacy. 

 
Effect of STEM-Based Integrated Science E-books on Student Science Literacy 
 
a. Heterogeneity Testing 

 The summary effect size of the effect of STEM-based integrated science e-books 
on scientific literacy is obtained by testing heterogeneity first. Testing the heterogeneity of 
the articles was carried out in order to obtain a Q value that would be used in determining 
the model to be used to calculate the summary effect size. Testing heterogeneity on the 
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effect of STEM-based integrated science e-books on scientific literacy can be seen in Table 
6. 

 
Table 6. Testing Student Science Literacy Heterogeneity 

Testing Students' Scientific Literacy Heterogeneity 

Article 
Code 

Effect 
Size 
(Yi) 

Variance 
(Vyi) 

Weight 
Wi Wi² WiYi WiYi² 

A1 1.63 0.24 4.10 16.80 6.68 44.68 
A2 3.08 0.09 11.24 126.25 34.58 1196.07 
A3 5.66 0.19 5.21 27.13 29.48 869.02 
A4 0.39 0.06 15.87 251.95 6.19 38.32 
A5 0.95 0.07 14.71 216.26 13.94 194.36 
A6 0.06 0.06 15.87 251.95 0.94 0.88 
A7 1.16 0.07 14.08 198.37 16.31 266.01 
A8 0.71 0.07 15.38 236.69 10.95 119.99 
A9 0.23 0.06 16.39 268.74 3.77 14.22 
A10 0.13 0.07 15.38 236.69 2.00 4.00 
A11 1.16 0.29 3.50 12.23 4.06 16.48 
A12 5.73 0.34 2.92 8.50 16.72 279.46 
A13 1.70 0.07 15.38 236.69 26.08 680.01 
A14 1.93 2.75 0.36 0.13 0.70 0.49 
A15 0.68 0.06 16.39 268.74 11.20 125.37 
A16 1.28 0.07 14.93 222.77 19.09 364.41 
A17 0.71 0.25 3.95 15.62 2.80 7.83 
A18 0.80 0.50 2.02 4.08 1.62 2.61 
A19 2.17 1.07 0.94 0.88 2.03 4.12 
A20 0.89 0.40 2.50 6.25 2.24 5.00 

Amount 191.13 2606.72 211.37 4233.32 
Q 4211.17 
C 177.49 
df 19 
T² 23.62 
I² 99.55% 

 
Based on the heterogeneity test, it is found that Q > df, then the estimation of the 

variance between articles is quite large and the data is heterogeneous. The model that is 
suitable for calculating summary effect sizes is the random effects model. The 
heterogeneity value of the article data is 99.95%, indicating that there is a population 
difference between articles of 99.95%. 

 
b. Hypothesis test 

Based on the results of the heterogeneity testing that has been carried out, it is 
known that the random effects model is most suitable to be used to calculate the summary 
effect size of the effect of STEM-based e-books on students' scientific literacy. Calculation 
of the summary effect size on students' scientific literacy can be seen in Table 7. 
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Table 7. Testing Students' Scientific Literacy Hypothesis 
Testing Students' Scientific Literacy Hypothesis 

Article 
Code 

Effect 
Size 
(Yi) 

Variance 
(Vyi) 

Variance 
Between 
Articles 

(T²) 

Total 
Variance 
(Vyi+T²) 

Weight 
Wi* (Wi*.Yi) 

A1 1.63 0.24 23.62 23.86 0.04 0.07 
A2 3.08 0.09 23.62 23.71 0.04 0.13 
A3 5.66 0.19 23.62 23.81 0.04 0.24 
A4 0.39 0.06 23.62 23.68 0.04 0.02 
A5 0.95 0.07 23.62 23.69 0.04 0.04 
A6 0.06 0.06 23.62 23.68 0.04 0.00 
A7 1.16 0.07 23.62 23.69 0.04 0.05 
A8 0.71 0.07 23.62 23.68 0.04 0.03 
A9 0.23 0.06 23.62 23.68 0.04 0.01 
A10 0.13 0.07 23.62 23.68 0.04 0.01 
A11 1.16 0.29 23.62 23.90 0.04 0.05 
A12 5.73 0.34 23.62 23.96 0.04 0.24 
A13 1.70 0.07 23.62 23.68 0.04 0.07 
A14 1.93 2.75 23.62 26.37 0.04 0.07 
A15 0.68 0.06 23.62 23.68 0.04 0.03 
A16 1.28 0.07 23.62 23.69 0.04 0.05 
A17 0.71 0.25 23.62 23.87 0.04 0.03 
A18 0.80 0.50 23.62 24.11 0.04 0.03 
A19 2.17 1.07 23.62 24.69 0.04 0.09 
A20 0.89 0.40 23.62 24.02 0.04 0.04 

Amount 0.84 1.29 

M* 1.55 
VM* 1.20 
SEM* 1.09 
LLM* -0.45 
ULM* 3.84 

Z* 1.41 
p-value one-tailed test 0.00 
p-value two-tailed test 0.00 

 
Based on the results of hypothesis calculations on students' scientific literacy, it 

was found that from the 20 articles used, it was shown that the STEM-based integrated 
Science e-book had an influence on students' scientific literacy. The results of the weighted 
summary effect size obtained were 1.55 indicating that STEM-based e-books were in the 
very high category, with confidence intervals below -0.45 and above 3.84. The results of 
hypothesis testing also show that the p value <α, which indicate that the hypothesis testing 
H0 is rejected. The results of H0 being rejected indicate that as many as 20 similar articles 
have the effect of STEM-based integrated Science e-books on students' scientific literacy. 
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Effect of STEM-Based Integrated Science E-Books Based on Education Level 
 
a. Heterogeneity Testing 

The effect size of the influence of STEM-based integrated science e-books on 
scientific literacy is obtained by testing heterogeneity first. Testing the heterogeneity of the 
articles was carried out in order to obtain a Q value that would be used in determining the 
model to be used to calculate the summary effect size. Testing heterogeneity on the 
influence of STEM-based integrated science e-books on scientific literacy based on the 
moderator variable, namely the level of education. There is 1 article that discusses the 
STEM-based integrated Science e-book on Science literacy at the elementary level, 9 
articles for the middle school level, 9 articles for the high school level and 1 article for the 
college level. Testing the heterogeneity of the effect of STEM-based integrated Science e-
books on scientific literacy at the education level can be seen in Table 8. 

 
Table 8. Heterogeneity Testing at Education Level 

Education 
level 

Article 
Code Q df I² 

Junior high 
school 

A4 

17.62 8 55% 

A5 
A6 
A7 
A8 
A9 

A10 
A17 
A18 

Senior high 
school 

A1 

71.06 8 89% 

A2 
A11 
A12 
A13 
A14 
A16 
A19 
A20 

 
The heterogeneity of the two educational levels tested, namely junior high and high 

school, is known from the findings presented in Table 8. It was found that the junior high 
and high school levels showed a value of Q > df, so the estimation of the variance between 
articles was quite large and the data was heterogeneous. The model that is suitable for 
calculating summary effect sizes at the junior and senior high school education levels is the 
random effects model. 

 
b. Hypothesis test 

Based on the results of the heterogeneity testing that has been carried out, it is 
known that the random effect model is most suitable for calculating the summary effect 
size of the effect of STEM-based e-books on students' scientific literacy at the education 
level. The summary effect size calculation for students' scientific literacy at the education 
level can be seen in Table 9. 
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Table 9. Hypothesis Testing at Education Level 
Education 

level 
Article 
Code 

Effect 
Size SEM* LLM* ULM* Z* p 

Junior 
high 
school 

A4 

0.58 0.06 -0.08 -0.14 9.75 0.0 

A5 
A6 
A7 
A8 
A9 
A10 
A17 
A18 

Senior 
high 
school 

A1 

2.18 0.31 0.01 1.21 6.42 1.0 

A2 
A11 
A12 
A13 
A14 
A16 
A19 
A20 

 
Based on the results of testing the hypothesis at each level of education, it shows 

that all students' scientific literacy is influenced by their level of education. At junior high 
school education level, the effect size is in the medium category with an average junior 
high school level of 0.58. Whereas for senior high school level, it has a category with a 
very large effect size with an average senior high school level of 2.18. 

The results of hypothesis testing at junior and senior high school levels show that 
the p value > α, which indicates that the hypothesis testing H0 is accepted. The results of 
testing the hypothesis obtained also show that at senior high school education level it does 
not have an effect on students' scientific literacy. The results of testing the hypothesis at 
junior high school education level show that the p value <α, showing that the hypothesis 
testing H0 is rejected. These results indicate that junior high school affects students' 
scientific literacy. 

 
The Effect of STEM-based Integrated Science E-Books Based on Subject Matter 
 
a. Heterogeneity Testing 

Subsequent results from this research related to the influence of STEM-based 
integrated Science e-books on students' scientific literacy based on learning materials. The 
summary effect size value of the influence of STEM-based integrated Science e-books on 
scientific literacy based on learning materials was obtained through the initial stage, namely 
testing the heterogeneity of each learning material. Testing the heterogeneity of the articles 
was carried out in order to obtain a Q value that would be used in determining the model 
to be used to calculate the summary effect size. Testing the heterogeneity of the influence 
of STEM-based integrated Science e-books on sin literacy can be seen in Table 10. 
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Table 10. Heterogeneity Testing on Learning Materials 

Subject Matter Article 
Code Q df I² 

Impulse and 
Momentum 

A1 -0,98 1 202% 
A19 

Biology A2 -71,91 0 100% 
Temperature and 
Heat A3 -137,43 0 100% 

Vibration and 
Waves 

A4 

45,39 6 87% 

A7 
A9 

A10 
A11 
A12 
A17 
A20 

Digestive Health A5 0,72 0 100% 
Motion A6 0,88 0 100% 
Pressure A10 1,74 0 100% 
Respiratory 
Health A8 3,15 0 100% 

Optical Tool A13 -18,11 0 100% 
Environmental 
pollution 

A14 
19,76 1 95% 

A16 
Inheritance A18 0,33 0 100% 

 
Table 10 shows that only three teaching materials were tested for heterogeneity 

because only three teaching materials have different populations. It was known from the 
results. The 3 learning materials tested for heterogeneity were impulse and momentum, 
vibration and waves, as well as environmental pollution, while the 8 other learning 
materials were not tested for heterogeneity because the population was the same. 

Based on the results of heterogeneity testing on the 3 learning materials, it was 
found that the 7 learning materials showed a value of Q> df, so the estimation of the 
variance between articles was quite large and the data was heterogeneous. The model that 
is suitable for calculating summary effect sizes on 7 subject matter is the random effects 
model. Meanwhile, for the other 4 materials, namely impulse and momentum, Biology, 
temperature and heat, optical instruments use a fixed effect model. 

 
b. Hypothesis test 

The next stage is testing the hypothesis of the influence of STEM-based integrated 
Science e-books on students' scientific literacy based on learning materials. Based on the 
results of the heterogeneity testing that has been done, it is known that the random effects 
model is most suitable to be used to calculate the summary effect size of the influence of 
STEM-based integrated science e-books on students' scientific literacy. Calculation of 
hypotheses based on learning materials can be seen in Table 11. 
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Table 11. Hypothesis Testing Based on Learning Materials 

Subject Matter Article 
Code 

Effect 
Size SEM* LLM* ULM* Z* P 

Impulse and 
Momentum 

A1 
3.8 0,44 -0,10 2,60 3,92 0,00 

A19 
Biology A2 3.08 0,30 0,34 1,51 10,26 0,00 
Temperature and 
Heat A3 5.66 0,34 1,27 2,62 16,47 0,00 

Vibration and 
Waves 

A4 

10.4 0,34 -0,26 1,09 3,49 0,00 

A7 
A9 
A10 

A11 

A12 
A17 
A20 

Digestive Health A5 0.95 3,08 -3,12 8,96 0,31 0,38 
motion A6 0.06 0,00 0 0 0,00 0,5 
Pressure A10 0.13 0,00 0 0 0,00 0,5 
Respiratory 
Health A8 0.71 0,00 0 0 0,00 0,5 

Optical Tool A13 1.7 0,00 0 0 0,00 0,5 
Environmental 
pollution 

A14 3.21 5,40 6,75 27,92 0,60 0,28 A16 
Inheritance A18 0.8 40,66 -47,16 0 0,02 0,49 

 
Based on the results of testing the hypothesis on learning materials, it is found that 

the 11 existing learning materials show an effect on scientific literacy skills. The results of 
the calculation of the effect size show that 6 learning materials are in the very high category, 
2 learning materials are in the high category, 1 learning material is in the medium category, 
and 2 materials are in the very low category. Table 11 also shows the results of hypothesis 
testing, namely the value of p <α in 4 learning materials, then testing the H0 hypothesis is 
rejected. The results of testing this hypothesis also show that 4 learning materials, namely 
momentum and impulse, Biology, temperature and heat, as well as vibration and waves 
using the STEM-based integrated Science e-book have an effect on scientific literacy. 
 
Discussion 
 

This research is conducted to see the effect of using STEM-type integrated Science 
e-books on students' scientific literacy skills obtained from as many as 20 articles. The 
article contains various cohesiveness models used in e-books. The results of this research 
are reviewed from 2 aspects. First, it is reviewed based on the scientific literacy of students 
at the educational level. The second is in terms of the learning materials used. In this 
research, first, it was determined how much influence the STEM-type integrated Science 
E-book had on students' scientific literacy abilities in general. Based on the results it was 
found that the average effect size was in the very high category, which means that the 
STEM-type integrated science E-book has an effect on students' scientific literacy. This is 
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in line with research conducted by Izzah (2021) who tested the effect size of Science and 
Physics teaching materials with the STEM approach were in the high category so that it 
could strengthen the statement that students' scientific literacy could be influenced by the 
use of STEM-type Science e-books in Science learning.  
 Based on the overall average effect size it is said that the STEM-based integrated 
Science e-book has a strong influence on scientific literacy. However, when analyzing one 
by one, not all articles state that the STEM-based integrated Science e-book have a strong 
effect on students' scientific literacy. This statement is proven by the effect size results in 
articles A6 and A10 which are in the very low category, A4 and A9 are in the low category 
and A8, A15 and A17 are in the medium category, which means that the results of research 
based on these articles show that the integrated Science e-book STEM-based science does 
not affect students' scientific literacy and the research results of these articles are very 
different from other articles which state that STEM-based integrated science e-books have 
a strong influence on scientific literacy. 
 To find out the cause of the difference in effect size results in articles that are in 
the very low to very high categories, analysis is carried out in 2 categories, namely 
heterogeneity testing and hypothesis testing. The heterogeneity test is the basis for decision 
making to accept or to reject homogeneity. Based on the results of the heterogeneity test, it 
is found that Q ≥ df, which means that the assumption of homogeneity needs to be rejected 
and accepts the assumption of heterogeneity, which means that conclusions are drawn using 
a random effect model. Based on the results of calculations using the random-effect model, 
it is found that the confidence interval contains 0 (zero), it is evident that the treatment 
given to the group of students in the form of using the STEM type Science e-book is not 
different from the group of students being taught without the STEM type e-book in terms 
of increasing students' scientific literacy so that it can be concluded that neither the 
application of the e-book to every type of population nor the application of the STEM E-
book shows the effectiveness of the STEM-type Science e-book on scientific literacy. The 
reason is that based on research conducted by Hannikah (2022), it is found that e-books 
used in learning are not always effective because printed books are more comfortable to 
read for a long time when compared to e-books. Reading an e-book requires the reader to 
stare at the screen of an electronic device that emits uncontrolled radiation and lighting. 
 To find out more about the problem of not having an effect on the STEM-based 
integrated Science e-book on students' scientific literacy in general, a categorization of 
STEM use is carried out into 2 categories, namely education level and subject matter. The 
first category, namely the education level, carrying out 2 types of tests, namely 
heterogeneity and homogeneity. Based on the heterogeneity test results obtain Q ≥ df, 
which means that the assumption of homogeneity is rejected and accepts the assumption of 
heterogeneity. Based on the heterogeneity test, the value of I^2 > 25% is also obtained, 
which further confirms that the conclusion is drawn using a random effect model. Based 
on the results of the random effect model, it is found that the value of p > α for Senior high 
school means that there is no difference in the effectiveness of STEM-based integrated 
Science e-books and those who do not use STEM-based integrated Science e-books at 
senior high school level, while junior high school has p ≤ α, meaning that there is a 
difference in the effectiveness of E STEM-based integrated Science books with non-
STEM-based integrated Science e-books for universities. This fact is consistent with 
research conducted by Tanjung (2022) where in his research it is found that STEM-based 
Science learning for tertiary institutions is in the high category, which means it is effective 
in increasing students' scientific literacy while junior high schools are in the medium 
category. 

The reason is that the e-book is integrated with sound shows, pictures, animations, 
games, learning videos, and so on, so that the information presented is more varied, and 
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can visualize abstract material requiring accurate analysis and this statement is in line with 
the research conducted by Nurhayati (2017) middle and high school, which are classified 
as teenagers, children are able to think abstractly like adults but are not yet perfect, meaning 
that even though they can be applied to both levels of education, they still need other 
supporting factors to help translate abstract concepts such as teaching materials, good 
preparation from the teacher and the conditions that allow for the STEM approach. The 
application of STEM-based integrated Science e-books is more effective at the junior high 
school level because the curriculum applied to junior high schools combines Physics, 
Biology and Chemistry as well as technology in one subject while senior high schools do 
not combine subjects. In this problem, it can also be seen that learning Science which is 
separated is less efficient in increasing scientific literacy because the achievements in each 
subject are different, interrelated science subjects in high school will also cause problems 
of subject confusion and insufficient lesson time efficiency considering the achievements 
each science subject in high school is very complex. 

The explanation above is in accordance with the characteristics of the curriculum 
implemented in junior high schools, namely integrated Science learning carried out without 
separating the sub-disciplines such as Biology, Chemistry and Physics and connecting them 
with technology and the characteristics of the junior high school curriculum according to 
the STEM learning approach which combines 4 disciplines of knowledge namely Science, 
Technology, Engineering and Mathematics (Ministry of National Education, 2011). This 
integration causes students to gain a complete understanding so that their learning outcomes 
become more optimal (Oktavia, 2018). At the high school level, Physics, Chemistry and 
Biology are separated by different learning outcomes and very complex material, and at 
the high school level, Science teachers are divided into separate Science learning fields 
(Physics, Chemistry and Biology) with heavy material content (Ichsan, Dewi, Hermawati, 
& Iriani, 2018). Science material that is separated at the high school level makes integrated 
Science e-books that combine Science fields difficult to apply in high school and heavy 
material when science fields are separated and combined with the STEM approach makes 
it even more difficult for students to understand it so that it can be said that Science e-books 
integrated with the STEM approach are lacking more effective in high school than in 
middle school. 

The second category is subject matter. In the second category, 2 types of tests are 
carried out, namely heterogeneity and homogeneity. Based on the heterogeneity test results 
obtained Q ≥ df, which means that the assumption of homogeneity is rejected and accepts 
the assumption of heterogeneity. Based on the heterogeneity test, the value of I^2 > 25% is 
also obtained, which further confirms that the conclusion is drawn using a random effect 
model. Based on the results of the random effect model, it was found that the value of p < 
α in the e-book with material on temperature and heat, Biology, vibration and waves as 
well as momentum and impulse so that the e-book on these three materials can increase 
students' scientific literacy. The cause is momentum and impulse material as well as 
Biology including Physics material which is not abstract, meaning it can be understood 
more easily. While the material temperature and heat as well as waves including material 
that is abstract. The existence of Science material that is abstract in nature such as 
temperature and heat and waves makes it difficult for students to learn it (Marsya, Yuniasti, 
& Wulandari, 2022). So to learn it requires the help of the media. Even so, the material on 
temperature and heat and waves has many learning resources ranging from learning videos, 
virtual labs that increase understanding and are close to the environment (Nurdiansah, 
2020).  Through STEM learning, students have scientific and technological literacy skills 
that can be seen from reading, writing, observing, and doing Science so that they can be 
used as provisions for living in society and solving problems faced in everyday life related 
to the STEM field of Science. 
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CONCLUSION 
 

Based on the results of the analyzed data, it can be concluded that: 1) integrated 
Science e-books containing effective literacy do not always affect students' scientific 
literacy skills. 2) Based on the level of education, STEM-type integrated Science e-books 
at the high school education level have a p greater than α while at the junior high school 
education level the p is less than α, which means that STEM-type Science e-books are more 
effective for increasing scientific literacy in junior high schools. 3) Based on the subject 
matter, temperature and heat, vibration and waves and momentum and impulses as well as 
Biology are effective for increasing students' scientific literacy because the p value is 
smaller than α which means STEM-type Science e-books are more effective for increasing 
scientific literacy if used in the four materials. 
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