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ABSTRACT

Oftentimes the increase in industrial development is the cause of environmental
problems. Environmental problems can be overcome by the presence of humans who
care about the environment or have environmental literacy skills. Environmental literacy
skills can be instilled from an early age, for example through practicum learning in
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schools. However, considering that the Covid-19 pandemic is one of the obstacles in
carrying out the practice, virtual laboratory-based online learning is carried out. This
study was aimed to improve students' environmental literacy through virtual laboratory-
Keywords based online learning that has been developed. This research is quasi experiment with
Environmental change materials pre-test and post-test research design Control Group Design. The total sample of the
Environmental literacy study was 70 students of class X of state senior high school. The research instrument
Virtual laboratory used was in the form of test questions about environmental changes material and
environmental literacy questionnaires. The results showed that the N-gain value of
environmental literacy in the experimental class was 29% high, 60% moderate, 11.42%
low with the percentage of attitudes 66.62% and 63.43% behavior. Meanwhile, for the
control class, the N-gain value was 9% high, 48.57% moderate, 42.85% low and 68%
attitude and 67% behavior. This shows that virtual laboratory-based online learning
contributes to increasing environmental literacy skills.
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INTRODUCTION

The 21st century, the world has been facing with various kinds of industrial developments followed by
science and technology to support development in a better direction. However, often the increase in industrial
development does not only have positive impacts but can trigger negative impacts and become the cause of
environmental problems (Schot & Steinmueller, 2018; Song et al., 2021). Environmental problems have had
many negative impacts on humans for example accumulation of waste, climate change, destruction of
ecosystems etc. Environmental problems that arise at this time, do not fully stem from the development of the
industrial sector and technology, but rather the weak level of human literacy (Abdel-Shafy & Mansour, 2018;
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Chu & Karr, 2017; Ferronato & Torretta, 2019). Including attitudes and behavior towards the environment, so
that there is no dynamic relationship between humans and the environment (Utama, 2018). Environmental
problems can be solved effectively by guiding individuals to know the environment and changing behavior
through knowledge (Zheng et al., 2018). So that people realize that problems can build intelligent human
awareness and new understanding of the environment and foster environmental behavior and skills (Steg et
al., 2015). In this case, environmental problems can be resolved by the presence of humans who care about
the environment or have environmental literacy skills.

There are various ways to overcome environmental problems, including through an attitude of caring for
the environment, which can be obtained through the development of environmental literacy (McBride et al.,
2013; Meilinda et al., 2017). People who have environmental literacy are defined as people who have affective
environmental insight, and can act consistently in adjusting the balance between quality of life and quality of
the environment (Kaya & Elster, 2019; White et al., 2019). Based on the opinions that have been put forward,
we can see that environmental literacy possessed by a person is very important. Environmental literacy can
support efforts to overcome environmental problems. For example, if the community understands the concept
of environment and ecology, cares about the environment and has the skills to analyze complex environmental
problems (Burchett, 2015). So that in overcoming environmental problems it can be done, one of which is by
creating a community that can understand ecology, care for the environment and have the skills to analyze
complex environmental problems, meaning that the community must have environmental literacy skills.
Environmental literacy is currently still in the stage of raising awareness and concern, while responsibility has
not become real behavior / participation and has not been based on strong knowledge (Safitri et al., 2020).

According to the results of the study, it shows that the average affective aspect gets the highest score and
the behavior gets the lowest score of the three aspects of environmental literacy. Affective includes individual
attitudes and perceptions of the environment while behavior is defined as behavior towards the environment.
Referring to research results by Levy et al therefore individuals today must be based on strong environmental
knowledge. It was further stated that a person should be given a basic knowledge of the environment in order
to be literate on environmental issues (Levy et al., 2018). Individuals who are aware of environmental issues
can support efforts to achieve the Sustainable Development Goals (SDGs) initiated by the United Nations
through UNESCO (Bergman et al., 2018; Ferrer-Estévez & Chalmeta, 2021; Shulla et al., 2021). In the SDGs,
environmentally friendly behavior and awareness of the importance of development does not only build
intelligent people, but also builds people who have social behavior in protecting the environment or can be said
to be environmentally literate (Alisjahbana & Murniningtyas, 2018).

Environmental literacy can be developed through environmental education (Kidman & Casinader, 2019;
Ulfah et al., 2020). Environmental education or other education that integrates environmental literacy should be
instilled from an early age, especially in the formal education environment (Mardiani et al., 2021; Nada et al.,
2021; Nurwidodo et al., 2020). This integration will be related to the curriculum applied in the formal education
environment or school. Environmental literacy can be integrated into environmental education. According to
Goldman et al (2017), environmental education is able to effectively build environmental literacy. Meanwhile,
according to Williams (2017) environmental education aims to improve students' environmental literacy by
increasing their knowledge, cognitive skills, attitudes and behavior. Meanwhile, environmental education is
defined as awareness and sensitivity, knowledge and understanding, attitudes, skills, and participation.
Environmental education includes sensitivity and individual awareness of the environment; knowledge,
understanding and challenges about the environment; environmental care attitude and motivation in improving
or maintaining environmental quality; skilled in identifying and helping to solve environmental challenges;
participate in activities related to solving environmental challenges (EPA, 2018). Based on the explanation
above, environmental education can be defined as a forum to facilitate individuals in gaining knowledge,
understanding, skills and attitudes towards the environment. Meanwhile, literacy itself is one of the
achievements in realizing the transformation of education management in Indonesia.

Current environmental education can be developed through learning materials. As for one of the materials
in biology subjects that can help in bringing up environmental literacy skills includes Basic Competency 3.11
(analyzing data on environmental changes, their causes and impacts on life) and 4.11 which supports
practicum activities. The use of Basic Competency 3.11 as a support for environmental literacy skills because
in these basic competencies there is learning that analyzes environmental changes, so that students learn to
understand current environmental conditions and how to solve them. In addition, in different basic
competencies, namely basic competence 4.11 learning material for environmental change is also supported by
practicum activities. Practical activities are at the core of a good scientific program and provide students with
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experiences that are in line with the goals of teaching science (Alneyadi, 2019). Practical activities can be a
way to develop environmental literacy. However, given the Covid-19 pandemic, it is one of the obstacles in
carrying out practicum. So, it must have another strategy so that practicum activities can still be carried out.
One of the learning media that can be used as a means of learning today, especially practicum, is a virtual
laboratory.

The advantages of using virtual laboratories in learning are students can carry out dangerous experiments
or experiments without worrying about endangering themselves and others; students can create more varied
experimental works because the time and cost required are more effective and efficient; provide independent
or collaborative work that does not have to be only related to school time, school laboratories or available
chemicals and laboratory facilities; allows students to get an overview at the macroscopic, submicroscopic
and symbolic levels; as a powerful motivational tool (Herga et al., 2014). Meanwhile, learning using virtual
laboratories has advantages such as being able to increase students' understanding of concepts; improve
scientific problem solving and creative thinking skills (Hermansyah et al., 2015; Nurwidodo et al., 2021; Subali
et al., 2017). Broadly speaking, the advantages of virtual laboratories are that they can be done anywhere
and anytime so that learning time can be streamlined. With these advantages, students are expected to be
able to conduct experiments well. While the weaknesses in the use of virtual laboratories (Somantri, 2021)
are: (1) In running a practicum simulation through a virtual laboratory, students must always be online or
connected to the internet network; limited knowledge of the procedures for conducting online practicums, if
the language of instruction applied in the virtual laboratory uses a foreign language; (2) Real experience in a
real laboratory is still lacking, so there are difficulties in operating it; and (3) Virtual laboratories do not provide
hands-on or real experiences.

Although there are weaknesses, virtual laboratories have benefits that can be used in this research,
because they are one way to facilitate practical learning, especially during the pandemic (Dhawan, 2020; Lamo
et al., 2022; Mishra et al., 2020; Muthuprasad et al., 2021; Radhamani et al., 2021; Zalat et al., 2021). In
general, the goal of virtual laboratories is to develop and carry out synchronous and interactive experiments
(Almaatouq et al., 2021). Virtual laboratory is one of the tools that is presented online. Virtual laboratories can
improve the learning experience of students in the laboratory, as well as support the exploratory involvement of
students in virtual experiments (Heradio et al., 2016).

In an effort attempt to improve students 'environmental literacy, the implementation of virtual laboratory-
based online learning is expected to help improve students' environmental literacy. This study was aimed to
improve students' environmental literacy through virtual laboratory-based online learning that has been
developed. Based on the explanation above, the use of virtual laboratories in online learning is the focus of
research. The virtual laboratory developed by researchers can be used by students via computers/laptops. The
developed virtual laboratory is designed or designed to improve the environmental literacy of high school
students on environmental change material.

METHOD

This research is quasi-experiment with pre-test and post-test research design Control Group Design. This
design included an experimental group (A) and a control group (B) which were selected without a random
placement procedure (Table 1). In both groups, pre-test and post-test were carried out, but only the
experimental group was given treatment (Creswell, 2010).

Table 1. Research design

Class Pre-test Treatment Post-test
Experiment 01 X 02
Control 01 - 02

where X: Classes with the implementation of online learning, virtual laboratories, -: Class with the
implementation of problem-based learning, O1: Pre-test to measure students' environmental literacy skills,
and O2: Post-test to measure students' environmental literacy skills.

The population was carried out on all environmental literacy abilities of students at one of the X grade
high school levels in Cianjur-West Java, who were studying environmental pollution material. Meanwhile, the
sample in of this study was the environmental literacy skills of class X high school students in Cianjur through
the implementation of online virtual laboratory learning in the experimental class and problem-based learning
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in the control class. The time used in the use of the virtual laboratory is about 30x45 minutes. The number of
students in each class is 35 people, a total of 70 people. The sample selection technique used is cluster
sampling technique. The instruments used were test questions referring to the North American Association
for Environmental Education (NAAEE) and environmental literacy questionnaires. The instrument for
environmental literacy consists of 20 multiple choice items to measure aspects of knowledge and cognitive
skills, and 20 items in a questionnaire statement to measure aspects of environmentally responsible attitudes
and behavior.

RESULTS AND DISCUSSION

Environmental literacy skills are measured using multiple choice questions and an attitude scale that refers
to four aspects of environmental literacy, namely knowledge, cognitive skills, attitudes and responsible
behavior. The pre-test and post-test data that have been tested are then analyzed using simple calculations
using Microsoft Excel 2007, then discussed based on each of the aspects contained in environmental literacy.
The virtual laboratory that is implemented in leaning can be accessed on the page
https://vlab.agsdigital.id/index.php?page=kdid.

Achievement of students' environmental literacy ability

In this sub-chapter, the findings and general discussion on environmental literacy skills are presented,
followed by exposure to each component of environmental literacy skills. Figure 1 will present an initial profile
of environmental literacy abilities in the experimental class and control class.
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Figure 1. Average pretest score of students' environmental literacy ability in experiment class and control class

Based on Figure 1, there is a difference in the average pretest score or initial ability in the control class and
the experimental class. After the leamning was carried out, there was an increase from the average pretest
score. The following will present the final profile or post-test of environmental literacy abilities in the
experimental class and control class in Figure 2.
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Figure 2. Average post-test score of students' environmental literacy ability in experiment class and control class

Based on the initial profile and final profile of environmental literacy data, it can be seen that the increase is
based on the Gain calculation. Table 1 and Table 2 each present a recapitulation of the data from the pretest
and posttest results and a recapitulation of the increase in environmental literacy skills.

Table 1. Data recapitulation of pretest and posttest results of environmental literacy

Component Experiment Control
Pretest Posttest Pretest Posttest
The number of students 35 35
Average Score 55 81 58 73
Maximum Value 100 100
Minimum Value 0 0
Standard deviation 9.72 8.09 12 12

Table 2. Recapitulation of increase in environmental literacy ability in general

Component Class

Experiment Control
Gain Max 40 30
Gain Min 10 5
Average Gain 26 15

Distribution of Ngain Categories

High 28.57% (10 person) 8.57% (3 person)
Middle 60.00% (21 person) 48.57% (17 person)
Low 11.42 (4 person) 42.85% (15 person)

Figure 1 shows the initial profile of each component of students' environmental literacy skills. The
experimental class has an average value of knowledge and cognitive skills of 54.29 and 57.55. While in the
control class the average score on knowledge and cognitive skills was 60.21 and 53.46. After the learning is
carried out, then a reassessment is carried out. Based on the final profile of each component of environmental
literacy ability, it can be seen in Figure 2.

Figure 2 shows the scores on each aspect of the students' environmental literacy skills. In the experimental
class the aspects of knowledge and cognitive skills of students scored 83.30 and 77.96, while the aspects of
attitude and behavior were 66.62 and 63.43. So that it can be seen, the average value of the environmental
literacy ability of students is 72.83 which is classified as good. It can be said that the achievement of
environmental literacy is facilitated by the virtual laboratory. This is presumably because in VL there are
materials that can increase knowledge, as well as learning videos and virtual practicums that can improve
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cognitive skills, attitudes and behavior. Meanwhile, in the control class, the students' knowledge and cognitive
skills were scored 77.36 and 64.49, and the attitude and behavior aspects were 68.00 and 67.00. So it can be
seen that the average value of the environmental literacy ability of students is 69.00 which is classified as
good.

The average post-test score for students' environmental literacy skills based on Figure 2 is found in the
knowledge aspect of 83.30 for the experimental class and 77.36 for the control class. Meanwhile, the lowest
value of environmental literacy skills in the aspect of cognitive skills is 57.55 for the experimental class and
64.49 for the control class. Based on these data, we can see that the literacy value of problem-based learning
environment in the control class does not contribute to improving cognitive skills, due to several obstacles such
as the lack of identifying environmental problems.

The increase in environmental literacy skills in the experimental class and control class can be seen in
Table 4.8 with an average gain of 26 and 15, respectively. The increase between the experimental class and
the control class is quite different. The distribution that has the level of environmental literacy ability in the
experimental class with the high category is 10 people, 21 people are medium, and 4 people are low. In the
control class, the level of environmental literacy ability in the high category is 3 people, 17 people are medium
and 15 people are low.

Biology learning is not only understanding theories, concepts and facts, but carrying out a process of
discovery. Activities in finding concepts can generally be done through practical activities (Setiyaningsih et al.,
2021). Practical activities are one way to change biology learning in the form of minds on learning into hands-
on learning (Erwinsyah et al., 2016). In biology learning, it is also required to learn with direct and contextual
experience so that students are able to express the phenomena that are around them (Aisya et al., 2016). In
addition, practicum activities in this study aim to support improving environmental literacy and problem solving
abilities of students. The achievement of the environmental literacy level of students in the experimental class
and control class has different results. This is because, the treatment in each class is different. Learning in the
experimental class is carried out through online learning in the form of a virtual laboratory, while in the control
class using problem based learning.

UNESCO-UNEP, Environmental literacy is a functional education that provides basic knowledge, skills and
motives to address environmental needs and contribute to sustainable development. Environmental literacy is
an individual who has environmental knowledge and how to act in protecting the environment based on the
knowledge he has. Meanwhile, environmental education aims to improve students' environmental literacy
through increasing knowledge, cognitive skills, attitudes and behavior. When linked to the context of
environmental education, NAEE states that environmental education is a comprehensive process to help
people understand their environment and related issues (Siddiq et al., 2020). Meanwhile, environmental
education is able to build environmental literacy effectively (Williams, 2017). So in this case the education
system can be used as a forum to develop aspects of knowledge related to the environment. Knowledge can
guide individuals to get to know the environment and change individual behavior (Zheng et al., 2018).
Environmental knowledge affects attitudes which in turn will increase behavioral intentions (Fang et al., 2018).

Achievement of students' environmental literacy ability in knowledge aspects

the average pretest and posttest scores in the experimental class were 54.29 and 83.30, respectively. In
the control class, the average pretest and posttest scores were 60.21 and 77.36, respectively. The two classes
have different starting and ending abilities. The experimental class has a lower average pretest score than the
control class, but the experimental class has a higher average score.

In the experimental class, which is included in the high category by 42%, the medium and low categories
are 45.71% and 11.42%, respectively. While in the control class, which included in the high category were
8.57% of students, the medium and low categories were 65.71% and 25.71%, respectively. The highest score
on the knowledge component is if students are able to answer 13 questions, while the lowest score is if
students are unable to answer any of the questions. Based on the results of the study, the knowledge aspect in
the experimental class and control class was dominated by the medium category with 16 and 23 students,
respectively. It can be interpreted that learning through virtual laboratories (experimental class) and problem
based learning (control class) both have the potential to improve aspects of knowledge. Even so, the
experimental class facilitated by the virtual laboratory is superior to the control class because the number of
students who are classified as high is more, namely there are 15 students (experimental) and 3 (control). The
low category was dominated by the control class with 9 students while the experimental class consisted of 4
students.
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In the knowledge component, the questions presented are related to environmental change material. There
are indicators used in this component, namely explaining the notion of environment and environmental change,
describing the impact of environmental pollution, identifying environmental changes, describing efforts to
preserve the environment. In this component, students who are able to answer correctly are all contained in
the indicators explaining the meaning of the environment and environmental change. If it is associated with
learning through virtual laboratories, students can find out the meaning of the environment/environmental
changes, namely from the learning materials that have been displayed. Meanwhile, the majority of students'
answers that were not quite right on the indicators described efforts to preserve the environment. This is
because the material presented in the virtual laboratory is less focused on environmental preservation.

The knowledge about environmental literacy obtained is expected to provide understanding and awareness
to better understand the environment, as well as to save the environment properly (Maulaa et al., 2020). In a
sense, knowledge must be able to influence cognitive skills, attitudes and behavior. The richer the
environmental knowledge, the higher the environmental attitude (Zheng et al., 2018). This is because
increasing environmental awareness will naturally pay more attention to environmental changes to refer to
concerns about a deteriorating environment.

Achievement of students' environmental literacy abilities in the aspect of cognitive skills

mean pretest and posttest scores on different components of cognitive skills. The experimental class had a
higher average pretest and posttest score than the control class, with an average score of 57.55 and 77.96,
respectively. While the control class has an average pretest value of 53.46 and a posttest value of 64.49. The
difference in the average value in each class, when viewed based on the average pretest to the average
posttest has an increase.

In the experimental class, which is included in the high category by 25.71% with 9 students, the medium
and low categories are 51.42% (18 people) and 22.85% (8 people). While in the control class, which is
included in the high category by 17.14% (6 students), the medium and low categories are 22.85% (8 people)
and 60% (21 people).

The questions on the cognitive skills component consist of seven questions with several indicators, namely
identification of environmental problems, analyzing environmental problems, and planning an investigation of
environmental problems. The indicator that most students answered correctly was the indicator of planning an
investigation of environmental problems. In this question, a literature review is presented on “Forests in Papua
are Threatened by Expansion of Oil Palm Plantations” (Source: https://www.ussfeed.com/hutan-di-papua-
terancam-hasil-percepatan-kebun-kelapa-sawit-how -fate-local-citizen/) are then provided with options about
various actions and students are instructed to choose the most appropriate action regarding the above literacy.

Cognitive skills are the ability to choose, make appropriate action strategies, evaluate, and implement
action plans. These cognitive skills aim to carry out scientific investigations and basic risk analysis, think within
a systems framework, and make plans. In contrast to the knowledge aspect, which is an understanding of
various problems and issues, it does not reach the stage of making an action strategy. Szczytko et al (2018)
defines cognitive skills as how well students can understand and analyze environmental problems.

Based on the results of the study, the experimental class was dominated by students who were in the
medium category (18 students), while the control class was dominated by students who were in the low
category (21 students). It can be said that the implementation of virtual laboratories has a contribution in
improving students' cognitive skills compared to problem based learning. The increase in the ability of
students' skills is due to the fact that in the virtual laboratory there are learning videos about soil/water pollution
and its impact on living things, and there is an interactive practicum that supports understanding of cognitive
skills. Virtual laboratories can implement biology-related experiments that may not be available and can
improve students' skills and develop their cognitive abilities by participating in the experiment step by step and
repeating it several times according to their needs (Almugbil, 2020).

Achievement of students' environmental literacy ability in attitude aspects

The achievement of environmental literacy skills in the attitude component can be seen based on the
average percentage of students who respond to positive or negative statements. The Table 3 is a
recapitulation of the attitude components of students who respond to positive or negative statements.
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Table 3. Recapitulation of attitude components based on positive responses and negative responses in the experimental class and
control class

Percentage of number of students (%)

Experiment Control
SA A D SD SA A D SD
Positive statement
Response 1792 6714 12.65 0.82 26.53 61.22 14.64 0.00
Average Positive Response 42.53 43.88
(SA and A)
Average Negative Response 19.64 7.32
(D and SD)
Negative statement
Response 15.00 2519 4143 19.29 16.43 19.64 33.57 21.79
Average Negative Response 6.73 18.04
(SAdan A)
Average Positive Response 30.36 27.68
(D dan SD)

Notes: SA = Strongly Agree; A= Agree, D= Disagreed, SD= Strongly Disagreed

The questionnaire in this study has positive and negative statements. Positive statements have the highest
score when students answer "strongly agree or agree". While negative statements have the highest score
when students answer "disagree or strongly disagree". Based on Table 3 for the overall positive statement in
the experimental class, those who responded strongly agreed at 17.92%, agreed 67.14%, disagreed 12.65%
and strongly disagreed 0.82%. The control class has a response of strongly agree with 26.53%, agree 61.22%,
disagree 14.64% and strongly disagree 0.00%. The average positive response in the experimental class and
control class were 42.53% and 43.88%, respectively. While the average negative response was 19.64% in the
experimental class and 7.32% in the control class.

Overall negative statements in the experimental class were those who responded strongly agree by
15.00%, agree 25.19%, disagree 41.43% and strongly disagree 19.29%. The control class has a response of
strongly agree by 16.43%, agree 19.64%, disagree 33.57% and strongly disagree 21.79%. The average
negative response in the experimental class and control class were 6.73% and 18.04%, respectively. While the
average negative response was 30.36% in the experimental class and 27.68% in the control class. In detail,
the percentage of students' attitude components on each indicator can be seen in Table 4.

Table 4. Percentage of responses to the number of students in the experiment class and control class
Percentage of number of students (%)

Indicator Experiment Control
SA A D SD SA A D SD
Environmental thought 2337  50.86 7.20 457 25.14 44.00 14.68 457
Environmental precautions 14.85 4343 10.80 10.86 20.00 36.47 34.29 9.14
Having a solution for the 10.9 40.00 11.40 16.57 18.29 36.57 21.71 21.14
environment

Notes: SA = Strongly Agree; A= Agree, D= Disagreed, SD= Strongly Disagreed

Based on Table 4, it can be seen the percentage of attitude questionnaire scores on each indicator. The
experimental class has an average percentage score of attitudes on the environmental thinking indicator of
23.37% with a strongly agree response, 50.86% agree response, 7.20% disagree response and 4.57%
strongly disagree response. The percentage of environmental awareness who responded strongly agreed was
14.85%, agreed 43.43% and disagreed and strongly disagreed, respectively 10.80% and 10.86%. The last
indicator that is the solution to the environment has a response of strongly agree 10.9%, agree 40.00%,
disagree 11.40% and strongly disagree 16.57%. In the control class, the indicators for thinking on the
environment were 25.14% with a response strongly agreeing, 44,00% agreeing, 14.68% disagreeing and
4.57% strongly disagreeing. The percentage of environmental awareness who responded strongly agreed was
20.00%, agreed 36.47% and disagreed and strongly disagreed respectively 34.29% and 9.14%. The last
indicator that is the solution to the environment has a response of strongly agree 18.29%, agree 36.57%,
disagree 21.71% and strongly disagree 21.14%.

Based on the results of the study, the attitude indicators that showed the most positive responses were
indicators of thinking about the environment for the experimental class and the control class. One of these
indicators contains the availability to sort waste between organic and inorganic. While the indicator that has the
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lowest percentage is the indicator that has a solution to the environment for the experimental class and control
class.

In these two classes, the highest percentage is owned by the experimental class who uses virtual
laboratories in online learning even though the results are not much different from the control class. This is
presumably because the formation of attitudes takes a relatively long time (Siddiq et al., 2020). In addition,
attitudes also have a relationship with knowledge possessed. The experimental class has a high average value
of knowledge so that it will grow attitudes towards the environment. Individuals who have high knowledge will
have an optimistic attitude towards the environment (Zheng et al., 2018). Other studies argue that there is a
significant impact on environmental education in schools on students' knowledge but not on students'
environmental attitudes and awareness (Haryono et al., 2014). However, a more positive environmental attitu
de will relatively increase environmental behavior so that environmental awareness will be increased (Zheng et
al., 2018). Attitudes derived from life experience and education can significantly affect human behavior. there
is a relationship with the knowledge possessed by students and there is a relationship between the level of
interest in learning about environmental topics and the attitudes possessed by students (Nasution, 2017).

Achievement of students' environmental literacy ability in behavioral aspects

Behavioral aspects in this study were netted through a questionnaire combined with attitude aspects, but
with different indicators. Data collection was carried out through a questionnaire on the behavioral aspect, due
to the Covid-19 pandemic, which did not allow direct observation. The data recapitulation of behavioral
analysis results in the experimental class and control class can be seen in Table 5.

Table 5. recapitulation of responsible behavior components based on positive responses and negative responses in the experiment
class and control class

Percentage of Number of Students (%)

Experiment Control
SA A D SD SA A D SD
Response 8.00 53.71 22.29 16.00 18.86 46.29 17.14 17.71
Positive statement
Average positive response (SA and 34.3 37.62
A)
Average negative response (D and 15.71 24.76
SD)
Negative statement
Average negative response (SA and 25.7 25.00
A)
Average positive response (D dan 2429 25.00
SD)

Notes: SA = Strongly Agree; A= Agree, D= Disagreed, SD= Strongly Disagreed

Table 5 shows a recapitulation of all components of student behavior. The experimental class had a
response percentage of 8.00% strongly agree, agree 53.71%, disagree 22.29% and strongly disagree 16.00%.
The control class has a response percentage of strongly agree at 18.86%, agree 46.29%, disagree 17.14%
and strongly disagree 17.71%. Meanwhile, the percentage based on positive statements of the experimental
class had a positive response of 34.3% and a negative response of 15.71%. The control class has a positive
response percentage of 37.62% and a negative response of 24.76%. In the negative statement, the
percentage of negative responses that the experimental class has is 25.7% and 25% is the control class.
Meanwhile, the percentage of positive responses in the experimental and control classes was 24.29% and
25.00%, respectively.

The behavior of students has something to do with the knowledge they have. as according to research by
Fang et al (2018) shows that knowledge about the environment influences behavior. Meanwhile, according to
Zheng et al (2018) individuals who have more knowledge show more positive environmental behavior and vice
versa, if individuals have less knowledge they can show less positive environmental behavior. Meanwhile,
according to Meilinda et al (2017) environmentally friendly behavior is influenced by attitudes, norms, behavior
and control of a moral obligation that will affect interest in behavior and shape behavior. Zheng et al (2018)
also stated that people with higher environmental cognition will display positive environmental behavior. This is
because people with higher knowledge cognition will pay attention to the importance of environmental
protection and immediately participate in environmental protection with concrete actions. According to Meilinda
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et al (2017) the solution to overcome environmental problems is to develop community environmental literacy,
in ways that are more environmentally responsible.

REFERENCES

Abdel-Shafy, H. I., & Mansour, M. S. M. (2018). Solid waste issue: Sources, composition, disposal, recycling,
and valorization. Egyptian Journal of Petroleum, 27(4), 1275-1290. https://doi.org/https://doi.org/
10.1016/j.ejpe.2018.07.003

Aisya, N. S. M., Saefudin, S., Supriatno, B., & Anggraeni, S. (2016). Penerapan diagram vee dalam model
pembelajaran inquiry lab dan group investigation untuk meningkatkan kemampuan literasi kuantitatif
siswa kelas VIl pada materi pencemaran lingkungan. Proceeding Biology Education Conference, 13(1),
112-117. https://jurnal.uns.ac.id/prosbi/article/view/5670

Alisjahbana, A. S., & Murniningtyas, E. (2018). Tujuan pembangunan berkelanjutan di Indonesia: Konsep,
farget dan strategi implementasi. Unpad Press. https://sdgcenter.unpad.ac.id/sdgs-books/tujuan-pem
bangunan-berkelanjutan-di-indonesia-konsep-target-dan-strategi-impelemtasi/

Almaatouq, A., Becker, J., Houghton, J. P., Paton, N., Watts, D. J., & Whiting, M. E. (2021). Empirica: a
virtual lab for high-throughput macro-level experiments. Behavior Research Methods, 563, 2158-2171.
https://doi.org/10.3758/s13428-020-01535-9

Almugbil, N. S. M. (2020). A proposal for virtual laboratories in learning biology for secondary school
curriculum. Journal of Educational and Social Research, 10, 323-331. https://doi.org/10.36941/jesr-
2020-0130

Alneyadi, S. S. (2019). Virtual lab implementation in science literacy: Emirati science teachers’ perspectives.
Eurasia Journal of Mathematics, Science and Technology Education, 15(12), em1786. https://doi.org/
10.29333/ejmste/109285

Bergman, Z., Bergman, M. M., Fernandes, K., Grossrieder, D., & Schneider, L. (2018). The Contribution of
UNESCO Chairs toward Achieving the UN Sustainable Development Goals. In Sustainability (Vol. 10,
Issue 12, p. 4471). https://doi.org/10.3390/su10124471

Burchett, J. H. (2015). Environmental literacy and its implications for effective public policy formation. http:/
trace.tennessee.edu/utk_bakerschol/27

Chu, E. W., & Karr, J. R. (2017). Environmental impact: Concept, consequences, measurement. Reference
Module in Life Sciences, 2017(1), 1-22. https://doi.org/10.1016/B978-0-12-809633-8.02380-3

Creswell, J. W. (2010). Research design: Pendekatan kualitatif, kuantitatif, dan mixed (edisi ketiga) (3rd Ed.).
Pustaka Pelajar. https://onesearch.id/Record/|0S5662.slims-1634

Dhawan, S. (2020). Online learning: A Panacea in the time of COVID-19 crisis. Journal of Educational
Technology Systems, 49(1), 5-22. hitps://doi.org/10.1177/0047239520934018

EPA. (2018). What is environmental education? United States Environmental Protection Agency.
https://www.epa.gov/education/what-environmental-education#:~:text=Environmental education is a
process,make informed and responsible decisions.

Erwinsyah, R., Riandi, R., & Nurjhani, M. (2016). Relevance lab activities and lecturing theory in genetics
course. Proceeding Biology Education Conference, 13(1), 546-553. https://jurnal.uns.ac.id/prosbi/
article/viewFile/5826/5212

Fang, W. T., Lien, C. Y., Huang, Y. W,, Han, G., Shyu, G. S., Chou, J. Y., & Ng, E. (2018). Environmental
literacy on ecotourism: A study on student knowledge, attitude, and behavioral intentions in China and
Taiwan. Sustainability (Switzerland), 10(1886), 1-22. https://doi.org/10.3390/su10061886

Ferrer-Estévez, M., & Chalmeta, R. (2021). Integrating Sustainable Development Goals in educational
institutions. The International Journal of Management Education, 19(2), 100494. https://doi.org/
10.1016/}.ijme.2021.100494

Ferronato, N., & Torretta, V. (2019). Waste mismanagement in developing countries: A review of global
issues. International Journal of Environmental Research and Public Health, 16(6), 1060. https://doi.org/
10.3390/ijerph16061060

Goldman, D., Pe’er, S., & Yavetz, B. (2017). Environmental literacy of youth movement members - is
environmentalism a component of their social activism? Environmental Education Research, 23(4),
486-514. https://doi.org/10.1080/13504622.2015.1108390

Haryono, A., Soemarno, Djati, M. S., & Setyoleksono, A. (2014). Learning attitude and awareness against
students in cultured environmental success in Probolinggo. Journal of Environment and Earth Science,

19

Angreani et al (Virtual laboratory based online learning ...)


https://doi.org/https:/doi.org/10.1016/j.ejpe.2018.07.003
https://doi.org/https:/doi.org/10.1016/j.ejpe.2018.07.003
https://jurnal.uns.ac.id/prosbi/article/view/5670
https://sdgcenter.unpad.ac.id/sdgs-books/tujuan-pembangunan-berkelanjutan-di-indonesia-konsep-target-dan-strategi-impelemtasi/
https://sdgcenter.unpad.ac.id/sdgs-books/tujuan-pembangunan-berkelanjutan-di-indonesia-konsep-target-dan-strategi-impelemtasi/
https://doi.org/10.3758/s13428-020-01535-9
https://doi.org/10.36941/jesr-2020-0130
https://doi.org/10.36941/jesr-2020-0130
https://doi.org/10.29333/ejmste/109285
https://doi.org/10.29333/ejmste/109285
https://doi.org/10.3390/su10124471
http://trace.tennessee.edu/utk_bakerschol/27
http://trace.tennessee.edu/utk_bakerschol/27
https://doi.org/10.1016/B978-0-12-809633-8.02380-3
https://onesearch.id/Record/IOS5662.slims-1634
https://doi.org/10.1177/0047239520934018
https://www.epa.gov/education/what-environmental-education%23:~:text=Environmental%20education%20is%20a%20process,make%20informed%20and%20responsible%20decisions.
https://www.epa.gov/education/what-environmental-education%23:~:text=Environmental%20education%20is%20a%20process,make%20informed%20and%20responsible%20decisions.
https://jurnal.uns.ac.id/prosbi/article/viewFile/5826/5212
https://jurnal.uns.ac.id/prosbi/article/viewFile/5826/5212
https://doi.org/10.3390/su10061886
https://doi.org/10.1016/j.ijme.2021.100494
https://doi.org/10.1016/j.ijme.2021.100494
https://doi.org/10.3390/ijerph16061060
https://doi.org/10.3390/ijerph16061060
https://doi.org/10.1080/13504622.2015.1108390

JPBI (Jurnal Pendidikan Biologi Indonesia)
Vol. 8, No. 1, March 2022, pp. 10-21

4(16), 72-81. https:/lwww.iiste.org/Journals/index.php/JEES/article/view/15152/15396

Heradio, R., Torre, L. D. L., Galan, D., Cabrerizo, F. J., Viedma, E. H., & Dormido, S. (2016). Virtual and
remote labs in education: A bibliometric analysis. Computers & Education, 98, 14-38. https://doi.org/
10.1016/j.compedu.2016.03.010

Herga, N. R., Grmek, M. |, & Dinevski, D. (2014). Virtual laboratory as an element of visualization when
teaching chemical contents in science class. TOJET: The Turkish Online Journal of Educational
Technology, 13(4), 157-165. https://files.eric.ed.gov/fulltext/EJ1043246.pdf

Hermansyah, H., Gunawan, G., & Herayanti, L. (2015). Pengaruh penggunaan laboratorium virtual terhadap
penguasaan konsep dan kemampuan berpikir kreatif siswa pada materi getaran dan gelombang. Jurnal
Pendidikan Fisika Dan Teknologi, 1(2), 97-102. https://doi.org/10.29303/jpft.v1i2.242

Kaya, V. H., & Elster, D. (2019). A critical consideration of environmental literacy: Concepts, contexts, and
competencies. Sustainability (Switzerland), 11(6), 1-20. https://doi.org/10.3390/su11061581

Kidman, G., & Casinader, N. (2019). Developing teachers’ environmental literacy through inquiry-based
practices. Eurasia Journal of Mathematics, Science and Technology Education, 15(6), 1-9. https://doi.
org/10.29333/ejmste/103065

Lamo, P., Perales, M., & De-La-fuente-valentin, L. (2022). Case of study in online course of computer
engineering during COVID-19 pandemic. Electronics (Switzerland), 11(4), 578. https://doi.org/10.
3390/electronics11040578

Levy, A, Orion, N., & Leshem, Y. (2018). Variables that influence the environmental behavior of adults.
Environmental Education Research, 24(3), 307-325. https://doi.org/10.1080/13504622.2016.1271865

Mardiani, N. D., Husamah, H., Fatmawati, D., Miharja*, F. J., & Fauzi, A. (2021). Environmental literacy of
students in Al-Rifa'ie modern Islamic boarding school, Malang regency-Indonesia based on gender
differences and parents’ occupation. Jurnal Pendidikan Sains Indonesia, 9(2), 317-328. https://doi.org/
10.24815/jpsi.v9i2.19316

Maulaa, 1., Hamidah, 1., & Permanasari, A. (2020). Environmental literacy profile of 7 th grade junior high
school students in science learning on global warming subject. Journal of Physics Conference Series,
042122. https://doi.org/10.1088/1742-6596/1521/4/042122

McBride, B. B., Brewer, C. A., Berkowitz, A. R., & Borrie, W. T. (2013). Environmental literacy, ecological
literacy, ecoliteracy: What do we mean and how did we get here? Ecosphere, 4(5). https://doi.org/
10.1890/ES13-00075.1

Meilinda, H., Prayitno, B. A., & Karyanto, P. (2017). Student’s environmental literacy profile of adiwiyata
green school in Surakarta, Indonesia. Journal of Education and Learning (EduLearn), 11(3), 299-306.
https://doi.org/10.11591/edulearn.v11i3.6433

Mishra, L., Gupta, T., & Shree, A. (2020). Online teaching-learning in higher education during lockdown
period of COVID-19 pandemic. International Journal of Educational Research Open, 1, 100012. https:/
doi.org/10.1016/}.ijedro.2020.100012

Muthuprasad, T., Aiswarya, S., Aditya, K. S., & Jha, G. K. (2021). Students’ perception and preference for
online education in India during COVID -19 pandemic. Social Sciences & Humanities Open, 3(1),
100101. https://doi.org/10.1016/.ssah0.2020.100101

Nada, H. N., Fajarningsih, R. U., & Astirin, O. P. (2021). Environmental education to build school members’
character. JPBI (Jurnal Pendidikan Biologi Indonesia), 7(1), 43-52. https://doi.org/10.22219/pbi.
Vv7i1.14283

Nasution, R. (2017). Analisis Kemampuan Literasi Lingkungan Siswa SMA Kelas X di Samboja dalam
Pembelajaran Biologi. Proceeding Biology Education Conference, 13(1), 352-358.

Nurwidodo, N., Amin, M., Ibrohim, 1., & Sueb, S. (2020). The role of eco-school program (Adiwiyata) towards
environmental literacy of high school students. European Journal of Educational Research, 9(3), 1089
1103. https://doi.org/10.12973/eu-jer.9.3.1089

Nurwidodo, N., Hadi, S., lbrohim, 1., & Sueb, S. (2021). Validity and practicality of the EMKONTAN learning
model to improve creative thinking, collaborative and literacy environment of prospective biology
teacher students. The 12th International Conference on Lesson Study (ICLS-XIl), 221-232.
https://jurnal.unimus.ac.id/index.php/psn12012010/article/download/9015/6048

Radhamani, R., Kumar, D., Nizar, N., Achuthan, K., Nair, B., & Diwakar, S. (2021). What virtual laboratory
usage tells us about laboratory skill education pre- and post-COVID-19: Focus on usage, behavior,
intention and adoption. Education and Information Technologies, 26(6), 7477-7495. https://doi.org/
10.1007/510639-021-10583-3

20

Hermawan et al (Student’'s environmental literacy ...)


https://www.iiste.org/Journals/index.php/JEES/article/view/15152/15396
https://doi.org/10.1016/j.compedu.2016.03.010
https://doi.org/10.1016/j.compedu.2016.03.010
https://files.eric.ed.gov/fulltext/EJ1043246.pdf
https://doi.org/10.29303/jpft.v1i2.242
https://doi.org/10.3390/su11061581
https://doi.org/10.29333/ejmste/103065
https://doi.org/10.29333/ejmste/103065
https://doi.org/10.3390/electronics11040578
https://doi.org/10.3390/electronics11040578
https://doi.org/10.1080/13504622.2016.1271865
https://doi.org/10.24815/jpsi.v9i2.19316
https://doi.org/10.24815/jpsi.v9i2.19316
https://doi.org/10.1088/1742-6596/1521/4/042122
https://doi.org/10.1890/ES13-00075.1
https://doi.org/10.1890/ES13-00075.1
https://doi.org/10.11591/edulearn.v11i3.6433
https://doi.org/10.1016/j.ijedro.2020.100012
https://doi.org/10.1016/j.ijedro.2020.100012
https://doi.org/10.1016/j.ssaho.2020.100101
https://doi.org/10.22219/jpbi.v7i1.14283
https://doi.org/10.22219/jpbi.v7i1.14283
https://doi.org/10.12973/eu-jer.9.3.1089
https://jurnal.unimus.ac.id/index.php/psn12012010/article/download/9015/6048
https://doi.org/10.1007/s10639-021-10583-3
https://doi.org/10.1007/s10639-021-10583-3

JPBI (Jurnal Pendidikan Biologi Indonesia)
Vol. 8, No. 1, March 2022, pp. 10-21

Safitri, W. I., Suryawati, E., & Yustina, Y. (2020). Environmental literacy analysis of jJunior high school
students in Pekan Baru. Journal of Education Science, 4(1), 116-123. https://doi.org/10.31258/
jes.4.1.p.116-123

Schot, J., & Steinmueller, W. E. (2018). Three frames for innovation policy: R&D, systems of innovation and
transformative change. Research Policy, 47(9), 1554-1567. https://doi.org/10.1016/}.respol.2018.
08.011

Setiyaningsih, A., Rahmawati, R., & Danawarih, S. (2021). Studi eksplorasi kegiatan praktikum fisika saat
pandemi Covid-19. Prosiding Seminar Nasional Dan Call Paper Mahasiswa, 191-199. http:/
conference.um.ac.id/index.php/psi/article/view/1239

Shulla, K., Voigt, B.-F., Cibian, S., Scandone, G., Martinez, E., Nelkovski, F., & Salehi, P. (2021). Effects of
COVID-19 on the Sustainable Development Goals (SDGs). Discover Sustainability, 2(1), 15. https:/
doi.org/10.1007/s43621-021-00026-x

Siddig, M. N., Supriatno, B., & Saefudin, S. (2020). Pengaruh penerapan problem based learning terhadap
literasi lingkungan siswa SMP pada materi pencemaran lingkungan. Assimilation: Indonesian Journal of
Biology Education (AIJBE), 3(1), 18-24. https://doi.org/10.17509/aijbe.v3i1.23369

Somantri, D. (2021). Abad 21 pentingnya kompetensi pedagogik guru. Jurnal Penelitian Pendidikan Dan
Ekonomi, 18(2), 188-195. https://doi.org/10.25134/equi.v18i2.4154

Song, X., Cong, Y., Song, Y., Chen, Y., & Liang, P. (2021). A bearing fault diagnosis model based on CNN
with wide convolution kernels. Journal of Ambient Intelligence and Humanized Computing.
https://doi.org/10.1007/s12652-021-03177-x

Steg, L., Perlaviciute, G., & van der Werff, E. (2015). Understanding the human dimensions of a sustainable
energy transition. Frontiers in Psychology, 6, 805. https://doi.org/10.3389/fpsyg.2015.00805

Subali, B., Rusdiana, D., Firman, H., Kaniawati, |., & Ellianawati, E. (2017). Computer-based experiment of
free fall movement to improve the graphical literacy. Jurnal Pendidikan IPA Indonesia, 6(1), 41-48.
https://doi.org/10.15294/jpii.v6i1.8750

Szczytko, R., Stevenson, K., Peterson, M. N., Nietfeld, J., & Strnad, R. L. (2018). Development and validation
of the environmental literacy instrument for adolescents. Environmental Education Research, 25(2),
193-210. https://doi.org/10.1080/13504622.2018.1487035

Ulfah, M., Suyanto, S., & Aminatun, T. (2020). The completeness of environmental literacy aspects studied in
the articles published in several countries. JPBI (Jurnal Pendidikan Biologi Indonesia), 6(1), 75-82.
https://doi.org/10.22219/jpbi.v6i1.10813

Utama, R. B. (2018). Tingkat literasi lingkungan siswa SMK dalam penggunaan energi listrik dan pengelolaan
sampah [Universitas Pendidikan Indonesia]. http://repository.upi.edu/40624/

White, K., Habib, R., & Hardisty, D. J. (2019). How to SHIFT consumer behaviors to be more sustainable: A
literature review and guiding framework. Journal of Marketing, 83(3), 22—49. https://doi.org/10.11
77/0022242919825649

Williams, R. D. (2017). An assessment of environmental literacy among Oklahoma public high school
students and the factors affecting students’ environmental literacy [Harvard University]. http://nrs.
harvard.edu/urn-3:HUL.InstRepos:33826276

Zalat, M. M., Hamed, M. S., & Bolbol, S. A. (2021). The experiences, challenges, and acceptance of e-
learning as a tool for teaching during the COVID-19 pandemic among university medical staff. PLoS
ONE, 16(3 March), 1-12. https://doi.org/10.1371/journal.pone.0248758

Zheng, W., Wang, J., & Zhang, X. (2018). Effects of environmental cognition and environmental attitude on
environmental behavior of ecotourism. Ekoloji, 27(106), 1743-1749. http://ekolojidergisi.com
/download/effects-of-environmental-cognition-and-environmental-attitude-on-environmental-behavior-
of-5548.pdf

21

Angreani et al (Virtual laboratory based online learning ...)


https://doi.org/10.31258/jes.4.1.p.116-123
https://doi.org/10.31258/jes.4.1.p.116-123
https://doi.org/10.1016/j.respol.2018.08.011
https://doi.org/10.1016/j.respol.2018.08.011
http://conference.um.ac.id/index.php/psi/article/view/1239
http://conference.um.ac.id/index.php/psi/article/view/1239
https://doi.org/10.1007/s43621-021-00026-x
https://doi.org/10.1007/s43621-021-00026-x
https://doi.org/10.17509/aijbe.v3i1.23369
https://doi.org/10.25134/equi.v18i2.4154
https://doi.org/10.1007/s12652-021-03177-x
https://doi.org/10.3389/fpsyg.2015.00805
https://doi.org/10.15294/jpii.v6i1.8750
https://doi.org/10.1080/13504622.2018.1487035
https://doi.org/10.22219/jpbi.v6i1.10813
http://repository.upi.edu/40624/
https://doi.org/10.1177/0022242919825649
https://doi.org/10.1177/0022242919825649
http://nrs.harvard.edu/urn-3:HUL.InstRepos:33826276
http://nrs.harvard.edu/urn-3:HUL.InstRepos:33826276
https://doi.org/10.1371/journal.pone.0248758
http://ekolojidergisi.com/download/effects-of-environmental-cognition-and-environmental-attitude-on-environmental-behavior-of-5548.pdf
http://ekolojidergisi.com/download/effects-of-environmental-cognition-and-environmental-attitude-on-environmental-behavior-of-5548.pdf
http://ekolojidergisi.com/download/effects-of-environmental-cognition-and-environmental-attitude-on-environmental-behavior-of-5548.pdf

