
International Journal of Instruction      October 2019 ● Vol.12, No.4 

e-ISSN: 1308-1470 ● www.e-iji.net                                      p-ISSN: 1694-609X 
pp. 655-668 

Citation: Cahyana, U., Supatmi, S., Erdawati, & Rahmawati, Y. (2019). The Influence of Web-Based 

Learning and Learning Independence toward Student’s Scientific Literacy in Chemistry Course. 

International Journal of Instruction, 12(4), 655-668. https://doi.org/10.29333/iji.2019.12442a 

 

Received: 08/01/2019 
Revision: 06/07/2019  
Accepted: 10/07/2019 

OnlineFirst:11/09/2019 

 

The Influence of Web-Based Learning and Learning Independence toward 

Student’s Scientific Literacy in Chemistry Course 

 
Ucu Cahyana 
State University of Jakarta, Indonesia, u.cahyana@yahoo.com, ucahyana@unj.ac.id 

Sri Supatmi 
State University of Jakarta, Indonesia, patmi76@yahoo.co.id 

Erdawati 
State University of Jakarta, Indonesia, erda_wati_0912@yahoo.com 

Yuli Rahmawati 
State University of Jakarta, Indonesia, yrahmawati@unj.ac.id 

 
 
 This study aimed to analyse the influence of web-based learning and learning 
independence toward student’s scientific literacy on chemistry learning of 
molecule shapes. This study was conducted in a private secondary school in 
Jakarta, Indonesia in the odd semester of the 2018/2019 academic year. The 
research method used was a quasi-experiment design treatment by level 2x2. The 
research participants were 32 students from a 10th grade Science class consisting 
of 16 students from an experimental group and the other 16 students from a control 
class chosen by a simple random sampling technique. In the experimental class 
applied web media learning was used, while in the control class used applied 
traditional media. The test instruments used in this study were a learning 
independence questionnaire and a science literacy test. The results of the study 
showed that web media positively influenced science literacy compared to 
traditional media. A connection between the use of web media and learning 
independence towards science literacy was identified. The use of web media had a 
positive influence on students' scientific literacy when used in groups of students 
who had high learning independence but provided lower literacy results in students 
who had low learning independence. 
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INTRODUCTION 

Education in the 21st century highlights globalization and Internationalization 
(Boholano, 2017). Education has an important role in shaping students who have the 
skills to learn and innovate, especially using technology and information so they can 
work and earn a living (Shabrina & Kuswanto, 2018). For this reason, learning in the 
21st century must be able to integrate technology, information and communication in the 
teaching and learning process (Hargreaves & Shirley, 2012; Yeop, Yaakob, Wong, Don, 
& Zain, 2019). Learning not only uses computers as an offline learning resource but is 
developed online through web-based learning. The use of the web in learning provides 
opportunities for students to be able to build their own knowledge and develop critical 
thinking skills (Kusmawan, 2015). The use of the web in learning can also support the 
improvement of students' scientific literacy especially in chemistry learning. 

Science literacy is the ability to combine scientific ideas and concepts between various 
disciplines, as well as science practices (Shwartz, Ben-Zvi, & Hofstein, 2006). 
According to the National Academy of Science (NAS) scientific literacy is the 
knowledge, scientific concepts, and scientific processes needed to make decisions and to 
participate in society, culture and economics (NAS, 2016). Whereas one of the most 
comprehensive survey programs aimed at assessing scientific literacy is the Program for 
International Student Assessment (PISA) of the Organization for Economic Cooperation 
and Development (OECD) defining scientific literacy as the ability to engage in issues 
related to science and with scientific ideas as reflective citizens (OECD, 2016). Science 
literacy is also defined as the ability to understand science meaningfully and be able to 
apply it in daily life (DeBoer, 2000). 

The condition of scientific literacy globally is low (Miller, 2007), as is the case in 
Indonesia. The 2015 PISA results put Indonesia at 64

th
 out of 72 countries with an 

average value of 403 for scientific literacy, well below the international average score of 
500 (Balitbang, 2016). Analysis of the 2015 PISA results show that 1.2% of Indonesian 
students are below level 1b; 14.4% are at level 1b; 40.4% are at level 1a; 31.7% are at 
level 2 and only 10.6% of students are at level 3; 1.6% of students are at level 4; 0.1% 
of students are at level 5 and no Indonesian students have reached level 6. These 
conditions indicate that Indonesian students can only use scientific knowledge in some 
familiar life circumstances that require low cognitive levels and they have not been able 
to use scientific knowledge in various complex life circumstances that require high 
cognitive levels (OECD, 2016). 

Chemistry is one of science subjects that focusing on materials, its changes and energy 
(Brady, 2009). The characteristics of chemistry learning are associated with three levels 
of macroscopic, microscopic and symbolic (Johnstone, 1991). There for science literacy 
is very closely related to chemistry. These characteristics challenges students in 
understanding chemistry concepts. According to Rahmawati and Ridwan (2017), it is 
expected in Indonesia, students are not only understanding the chemistry concepts, but 
also applying it their lives. Generally, students faced difficulties in visualizing the 
submicroscopic level and relating it with chemical representative levels (Chittleborough 
& Treagust, 2007). 
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One effort to overcome this difficulty is to integrate technology in science learning. 
Science and technology are inseparable parts where technology plays a role in forming 
learning to be more attractive and motivating to students (DeBoer, 2000). One of the 
uses of technology in learning is the use of web learning. The use of the web utilizes 
internet technology that can present virtual classes that can make learning more effective 
and improve the learning process (Poon, Low, & Yong, 2004; Tamrakar & Mehta, 
2011). Web-based learning allows students to access material anytime and anywhere, 
thereby increasing interaction between students, students with subject matter, and 
students with teachers and it supports increased learning outcomes (Usta, 2011). Web-
based learning also helps students understand abstract material through visual support 
(Sedig & Liang, 2006). Web-based learning also facilitates students in remembering, 
understanding, applying, analyzing, and evaluating subject matter so as to improve 
learning outcomes (Kay, 2011). This can improve critical thinking skills and problem 
solving (Moayeri, 2014). 

The use of the web is expected to be able to overcome the difficulties of students in 
understanding the material in molecule shapes and the attraction between molecules 
which is actually an abstract material (Uyulgan & Akkuzu, 2016). Mastery of this 
material requires understanding at the microscopic (particulate structure), macroscopic 
(physical structure), and symbolic level (chemical notation and mathematical symbols), 
usually students experience difficulty in combining these three levels of representation 
(Uyulgan, Akkuzu, & Alpat, 2014; Wang, 2007). The use of animated media in 
molecular shape material on the web will help students learn material molecules 
independently (Usta, 2011). 

The use of web learning will be more effective if it is supported by learning that 
involves students actively so that students can develop the ability to think critically 
(Rubini, Ardianto, Puspitasari, & Permana, 2017; Babalola, 2013). In this case the use 
of web learning is integrated with the problem-based learning model supporting the 
formation of the learning environment. Problem-based learning (PBL) is learning that 
involves students actively in the problem-solving process both individually and in 
groups while the teacher acts as a facilitator (Newman, 2005). The use of PBL in this 
learning process will be able to help student’s develop critical thinking skills (Tayyeb, 
2013; Sendag & Odabasi, 2009), gain knowledge, collaborate in groups, and improve 
independence and problem-solving skills (Tosun & Taskesenligil, 2013; Newman, 
2005). 

Learning using web media integrated with problem-based learning models requires 
students to actively seek information themselves (Tarhan & Sesen, 2013; Newman, 
2005). So that students are motivated to be responsible for their own learning. Students 
are also required to have the ability to work with others to increase the depth and 
breadth of their own learning. For this reason, the use of the web in learning requires 
student learning independence. 

Learning independence is needed when learning because students who have learning 
independence can build ideas and knowledge so they can improve their own 
competencies and improve learning outcomes (Kulsum, Kustono, & Purnomo, 2017). 
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Students will also actively learn (not passively), receive knowledge (Boekaerts, 1997) 
and will be able to manage their learning, their time, and themselves (Field, Duffy, & 
Huggins, 2015). 

Based on the description above, the researchers conducted research on the effect of web-
based learning and independence on scientific literacy. 

METHOD 

This research was conducted at a secondary school in Jakarta, Indonesia in the odd 
semester of the 2018/2019 academic year. A quasi-experimental research method design 
treatment by level 2 x 2 was used. The research design can be seen in table 1 below. 

Table 1 
Research Design 

Learning independence Learning media 

Web media (A1) Traditional media (A2) 

High learning independence (B1) A1B1 A2B1 

Low learning independence (B2) A1B2 A2B2 

The participants in this study were 32 students that are in the science major consisting of 
16 students who had high learning independence (8 students in the experimental group 
and 8 students in the control group) and 16 students who had low learning independence 
(8 students from the experimental group and 8 students from the control group) selected 
by a simple random sampling technique. The experimental group learned with web 
media and the control group learned through traditional media. The learning process was 
carried out by applying a problem-based learning model in both the experimental group 
and the control group. 

Data collection was carried out using tests and questionnaires, namely a scientific 
literacy test and a learning independence questionnaire. Questionnaires used to measure 
learning independence were adapted from self-directed learning (Williamson, 2007) and 
adjusted to chemistry learning in the form of 49 attitude statements developed on a 1-5 
Likert scale.  Content validity was tested by expert lecturers and validity items with 
product moment correlation analysis techniques and reliability were tested using 
Cronbach Alpha formula obtained rvalue = 0.930. The learning independence 
questionnaire was given to 30 students in the experimental group and 30 students in the 
control group before the study, then in each class the highest of 27% were taken as a 
group of students who had high learning independence and the lowest 27% as a group of 
students who had low learning independence. 

The measurement of scientific literacy in molecular shape material used a scientific 
literacy test instrument developed with reference to the PISA 2015 which included three 
aspects; context, knowledge, and competency, in the form of 15 description questions. 
Content was tested by lecturers and item validity with product correlation techniques 
moment was carried out and a reliability test with Cronbach Alpha formula obtained r = 
0.948. This test is given to 32 students in the experimental class and the control class 
who have high and low learning independence. 
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Prior to analysis, a prerequisite test was carried out, namely a normality test using the 
Lilliefors test and a homogeneity test using the Fisher test followed by the Bartlett test. 
Four hypotheses were tested in this study, main effect, interaction effect (which was 
analyzed by two-way analysis) followed by the Tukey test to test the third hypothesis and 
the fourth hypothesis (simple effect). 

FINDINGS AND DISCUSSION 

Once the results of the research data fulfilled the analysis prerequisite test, the 
hypothesis was tested, and the following data was obtained. 

Table 2 
Results of Two-Way ANOVA Calculations 

Source of variant  JK db RJK Fcount Ftable 

Learning media (A) 225,781 1 225,781 10,590 4,200 

Independence (B) 101,531 1 101,531 4,755 4,200 

Interaction (AxB) 1391,581 1 1391,581 65,240 4,200 

In group 579,11 28 21,330   

Total 195603,000 32    

Next the researcher conducted Tukey test and got results below. 

Table 3 
The Result of Calculating the Tukey Test 

Group n Qcount Qtable 

A1B1 8 
11,530 4,530 

A1B2 8 

A2B1 8 
4,830 4,530 

A2B2 8 

The results of the two-way ANOVA test and the Tukey test in Tables 2 and 3 can be 
elaborated on the following four hypotheses. 

Effect of the use of chemistry learning web media on scientific literacy 

The results of hypothesis testing with two-way ANOVA (table 2) obtained Fcount = 10.59 
with Ftable value = 4.20. Because Fcount> Ftable H0 is then rejected. From this, it can be 
concluded that there is a difference in scientific literacy between students who use web 
media and students who use traditional media.  

In the experimental group using web media, the average value of science literacy was 
80.3 with a standard deviation of 9.81 while in the control group using traditional media 
the average value of scientific literacy was 75.07 with a standard deviation of 6.57. This 
shows that the use of web media has a positive influence on scientific literacy compared 
to traditional media. 

The using of web media can improve scientific literacy related to we characteristic that 
support learning to be more effective and quality (Yildirim & Sensoy, 2018). 
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Web learning is web media that contains teaching materials that are prepared, 
implemented, and utilized online. The web help students understand molecular shape 
material because the molecular shape on the web is presented in three-dimensional 
animated models that present molecular shapes correctly. In addition, material on the 
web takes the form of text, images and videos that make learning interesting (Sharma & 
Sharma, 2017; Cabada et al, 2018) and help students find their own answers to the 
problems given (Ziden, 2013), encouraging them to build their own knowledge (Sharma 
& Sharma, 2017. Web media is also fun to use so it can increase motivation (KOC, 
2005; Samir, Islam, & Naglaa, 2014) and motivate students to their own learning (Lin, 
Chen, & Liu , 2017) The features available on the web also make it easier for students to 
find information quickly Evaluation, practice questions and molecular shape simulations 
on the web also help students measure their level of understanding of molecular forms of 
material that will increase self-confidence (Samir, Islam, & Naglaa, 2014; Lin, Chen, & 
Liu, 2017). Likewise the material presented on the web running on the internet also 
made it possible for students to access material in school and outside of school (Cook, 
2007; Saini, Wahid, & Purohit, 2014) via mobile phones or laptops, this certainly makes 
it easier for students to manage learning at their own pace (Zimmerman BJ, 1989) 
although this must be supported by the availability of adequate internet. 

In this study power point was used as a learning media in the control group. This media 
has limitations as it cannot be accessed online resulting in limited usage. In the power 
point media learning environment, it also does not support the formation of meaningful 
learning because it does not stimulate students in audio and visual terms (Penciner, 
2013). Power point does not support active learning because, in the learning process that 
uses media, the teacher usually explains and students listen and take notes. The role of 
students in this learning is as a passive learner (Saini, Wahid, & Purohit, 2014). This can 
cause students to become bored and sleepy because students are not actively involved 
(Boumová, 2008). This results in the use of power point as a learning medium that is 
less successful in improving learning and can even make students less interested in 
learning (Xingeng & Jianxiang, 2012). 

Overall, it can be said that the use of web media in the learning process will make 
learning more effective and can improve students' scientific literacy in molecular form 
material compared to traditional media (Saini, Wahid, & Purohit, 2014; Atan, Sulaiman, 
& Idrus, 2005; Lin, Chen & Liu, 2017). 

Interaction of the use of web media (A) and student learning independence (B) on 

student scientific literacy. 

Based on the results of hypothesis testing with two-way ANOVA (table 2) obtained 
Fcount of 65.240 with Ftable at the 5% significance level of 4.200. Because Fcount> Ftable 
then H0 is rejected so it can be concluded that there is an interaction of the use of 
learning media and learning independence on students' scientific literacy. The learning 
media used were web media and traditional media.  

The interaction between the use of learning media and learning independence on 
students' scientific literacy is shown in the following graph. 
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Figure 1 
Effect of Interaction between Learning Media and Learning Independence. 

The interaction shows that the use of web media and traditional media has a different 
influence on students' scientific literacy if applied to groups of students who have 
different independence. Figure 1 also shows that web media is more effectively used in 
groups of students who have high learning independence whilst traditional media is 
more effectively used in groups of students who have low learning independence 

The use of the web in learning makes the learning process interesting and not boring 
because it involves students actively. By giving problems first, students are required to 
seek information and students will try to solve the problems given. When problems are 
given by students, they will also be challenged to solve them, this will certainly develop 
students' thinking skills and problem-solving skills (Tayyeb, 2013). 

The use of the web requires learning independence because students are required to 
explore and digest information from the web independently. The use of the web requires 
responsibility, understanding one's own learning, motivation for learning and 
collaboration with the teacher compiling the learning environment (Nalatambi, 
Shahudin, & Zaludin, 2015) so students would want to find information from the web 
and not be affected to open other sites on the internet that will affect the learning 
process and get optimal results. In the learning process students who have high 
independence do not just rely on books or teacher explanations as the main learning 
source but they are also actively involved in the learning process (Cahyana, Paristiowati, 
Savitri, & Hasyrin, 2017). These conditions enable students to build their own 
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knowledge (Ziden, 2013) so that effective and quality learning can be developed critical 
thinking skills and problem-solving abilities so that they can improve scientific literacy 
(Rusilowati et al, 2016; Saini, Wahid, & Purohit, 2014). 

While learning that uses traditional media does not require students to be actively 
involved in learning. Students tend to listen and record lessons and their teachers 
become the main source of knowledge for them (Penciner, 2013; Scrivener, 2005). For 
this reason, traditional media is more suitable for students who have low learning 
independence 

Based on the description above, it can be concluded that there is an interaction of web 
media and learning independence towards scientific literacy. 

Differences in scientific literacy between groups A1B1 and A2B1. 

From the results of testing the hypothesis with the Tukey test (table 3), the Qcount is 
11.53 with Qtable at the 5% significance level of 4.53. Because Qcount > Qtable then H0 is 
rejected so it can be concluded that there are differences in scientific literacy between 
students using web media and students who use traditional media in groups of students 
who have high learning independence. 

In the experimental group that used web media the average scientific literacy score in 
the group of students who had high learning independence wass 88.75 with a standard 
deviation of 5.47 while in the control group which used traditional media the average 
scientific literacy in the group of students who had high learning independence 
amounted to 70.25 with a standard deviation of 4.23. This shows that the scientific 
literacy of students who used web media was higher than students who used traditional 
media in groups of students who had high learning independence. Web media is more 
effective than traditional media for students who have high learning independence. 
These results are related to the characteristics of web media which requires learning 
independence to use.  

Web media contains content in the form of text, images, animation, and videos (Poon, 
Low, & Yong, 2004), which will motivate students visually and encourage students to 
find information independently and build their own knowledge (Sharma & Sharma, 
2017; Ziden, 2013; Wei et al, 2017). The use of the web that utilizes internet service 
requires the willingness and motivation of students to access information both at school 
and outside of school (Cook, 2007; Saini, Wahid, & Purohit, 2014) via mobile phones 
or laptops so students can learn at their own pace. The use of the web also requires 
students to be actively involved in finding information, to find solutions to problems 
given (Samir, Islam, & Naglaa, 2014; Meyer, Haywood, Darshan, & Faraday, 2008). 

The web characteristics allow students to manage their own learning so students can be 
responsible for their own learning (Field, Duffy, & Huggins, 2015). This resulted in 
learning using the web more effectively and beneficial for students who have high 
independence (Saini, Wahid, & Purohit, 2014). 
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Differences in scientific literacy between groups A1B2 and A2B2 

From the results of testing the hypothesis with the Tukey test (table 3), the Qcount is 4.83 
with Qtable at the 5% significance level of 4.53. Because Qcount> Qtable then H0 is rejected 
so it can be concluded that there are differences in scientific literacy between students 
who use web media and students who use traditional media in groups of students who 
have low learning independence.  

In the experimental class that used web media the average score for scientific literacy in 
the group of students who had low learning independence was 72.00 with a standard 
deviation of 4.00, while in the control group using traditional media the average 
scientific literacy score for the group of students who had low learning independence 
was 79.88 with a standard deviation of 4.69. This shows that the scientific literacy of 
students using traditional media was higher than students who use web media in groups 
of students who have low learning independence. Traditional media is more effective for 
students who have low learning independence compared to web media. These results 
relate to the characteristics of traditional media which does not require students to be 
actively involved in the learning process. 

The traditional media used in this study is power point. Power point is media that is 
often used in presentations. Power points are usually used by teachers in delivering 
subject matter with lectures while students record and listen without being actively 
involved in learning (Penciner, 2013). In the process of learning communication also 
occurs in one direction, it tends to make students passive students (Boumová, 2008; 
Saini, Wahid, & Purohit, 2014; Scrivener, 2005) and place teachers as a source of 
knowledge (Scrivener, 2005). For this reason, the success of learning with this media is 
very dependent on the skills of the teacher in writing and speaking effectively (Saini, 
Wahid, & Purohit, 2014). 

Based on the characteristics of traditional media, this media is more effective to be used 
for students who have low learning independence, because students who have low 
learning independence tend to be passive in learning and accept lessons as it is 
(Cahyana, Paristiowati, Savitri, & Hasyrin, 2017). They tend to listen, record the subject 
matter without being actively involved. Students with characteristics such as this usually 
prefer traditional learning where the teacher explains in front of the class then at the end 
of the lesson students are given a problem exercise. In the learning process the teacher 
will guide and deliver material at length so that in traditional classes students who have 
low learning independence will be more successful (Williamson, 2007). 

CONCLUSION 

Web media has a positive effect on scientific literacy compared to traditional media. 
The use of web media encourages students to build their own knowledge so as to 
improve problem solving and critical thinking skills.  

There is a interaction between the use of web media and learning independence in 
developing scientific literacy which shows that the use of web media has a different 
influence on groups of students with varying degrees of learner independence. The use 
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of web media requires motivation and a willingness to search for information 
independently while the use of traditional media situates students as passive learners 
where they tend to take notes and listen so that communication occurs only in one 
direction. 

The use of web media in the learning process must pay attention to the indicators of 
student learning independence. Based on the results obtained, the use of web media will 
have a positive effect on students' scientific literacy, when applied to groups of students 
who have high learning independence. Conversely, in groups of students with low 
learning independence science literacy students taught using web media are lower than 
those taught using traditional media. 
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