
Journal of Educational Sciences Vol. 9 No. 6 (Nov, 2025) 5192-5205 

 

 

 

 

Journal of Educational Sciences 
Journal homepage: https://jes.ejournal.unri.ac.id/index.php/JES 

 

Implementation of an Education for Sustainable Development 

(ESD)-Based Electronic Module to Improve Critical Thinking 

Skills and Environmental Awareness Among Students in the 

Wetland Ecology Course  

Sri Wulandari*, Suwondo, Rizqa Alfajri Husna 
Faculty of Teacher Training and Education, University of Riau, Pekanbaru, 28293, Indonesia 

ARTICLE INFO  A B S T R A C T 

Article history: 

Received: 21 Sept 2025 

Revised: 13 Oct 2025 
Accepted: 25 Oct 2025 

Published online: 05 Nov 2025 

 The 21st century is known as the era of science and 

communication. To face these challenges, quality human 

resources are needed through education. This study aims to 

determine the improvement in critical thinking skills and 

environmental awareness among students after using 

electronic teaching materials on wetland ecology based on 

Education for Sustainable Development (ESD). The 

research used a pre-experimental design with a one-group 

pretest-posttest design. A total of 34 students enrolled in the 

wetland ecology course in the even semester of 2024/2025 

participated in the study. The results showed that students' 

critical thinking skills improved from the pretest to the 

posttest. The pretest mean score was 70.47, considered good, 

while the posttest mean score was 84.28, considered very 

good. Students' cognitive environmental awareness attitudes 

also improved between the pretest and posttest. The students' 

cognitive attitude towards environmental awareness in the 

pretest was 3.34, considered moderately concerned, and 

increased to 4.3 in the posttest, considered concerned. Thus, 

the electronic module on wetland ecology based on ESD as 

teaching material enrichment can be used to improve 

students' critical thinking and attitude towards 

environmental awareness. 
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1. Introduction 

 

The Biology Education Study Program currently uses the 2020 curriculum based 

on Outcome Based Education (OBE), which focuses on learning outcomes and 

problem solving or case method-based learning. The case method learning model 

provides opportunities for students to develop their potential, actualize themselves, 

innovate, and find solutions to the cases being discussed (Widiastuti et al., 2022). 

The wetland ecology course is a new course included in the elective Field of 

Expertise Course (MKBK) group with a weight of 2 credits, focusing on 

environment-based learning, particularly the wetland environment. 
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The Learning Outcomes of the Wetland Ecology Course (CPMK) consist of 

knowledge, general skills, specific skills, and attitudes that focus on the Center of 

Excellence of the University of Riau, namely Wetlands. Therefore, environmental 

literacy is essential in developing student competencies integrated into 

departmental courses, one of which is wetland ecology.  In preparing the Semester 

Learning Plan (RPS), an analysis was conducted on the local potential in Riau 

Province as a learning resource, and it was found that there are many material 

concepts for enriching wetland ecology learning. The material concepts developed 

are the typology of wetland ecosystems, wetland ecosystem problems, and wetland 

ecosystem restoration and mitigation efforts.  

 

Education for sustainable development (ESD) is learning that is oriented towards 

sustainable development and is able to improve the character of students (Shinta & 

Aldila, 2021). According to Ghani (2018), the implementation of education for 

sustainable development in Indonesia has already begun. Indrati & Hariati (2016) 

state that ESD is a dynamic concept that has noble values for creating a sustainable 

future through education. Education is a supporting factor that can be used to 

introduce ESD, which is where lecturers play a very important role in the learning 

process. ESD can be instilled in students through the teaching and learning process. 

 

The aspects of ESD that must be instilled in students are Envisioning, which is the 

characteristic of students being able to imagine a better future; Critical Thinking, 

which is thinking deeply about something or a problem that involves students' 

logical reasoning; Participation in Decision Making, which is the characteristic of 

developing students in analyzing, planning, and organize their decisions in 

sustainable development, Partnership is a characteristic of ESD to learn to work 

together, and Systemic Thinking is a characteristic that enables students to recognize 

the complexity of problems and find connections and synergies in complex issues 

(Rahman et al., 2019). In cultivating sustainability awareness in students, critical 

thinking skills are needed. According to Taimur & Sattar (2019), critical thinking 

skills are necessary to enable students to not only have a sustainable perspective but 

also critical thinking in ESD. Critical thinking skills in problem solving are not 

acquired naturally but require self-awareness that must be cultivated in students. 

 

From a survey conducted on students taking wetland ecology courses, it was found 

that most students (67.75%) did not have additional references in taking wetland 

ecology courses, even though there were main references that were generally in 

foreign languages. Students tended not to try to obtain these books. In addition, 

87% of students were not yet aware of ESD. Therefore, there is still a need to deepen 

understanding of the concept of wetland ecology based on local wisdom by adding 

supporting references for students in attending lectures, one of which is an 

electronic module that is flexible in its use. 

 

The development of 21st century learning requires the use of technology and 

information to make learning more interesting. This is also in line with 

Permendikbud No. 22 of 2016 concerning standards for primary and secondary 

education processes. One of the contents of the process standards is the use of 

information and communication technology to improve the efficiency and 
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effectiveness of learning. Therefore, it is very important to review the 

implementation of the ESD-based electronic wetland ecology module, which 

contains  enriched concepts of local potential in Riau Province integrated with 

environmental management to improve students' critical thinking skills and 

environmental awareness in the wetland ecology course of the Biology Education 

Study Program, FKIP, University of Riau. 

 

 

2.  Methodology  

Research Method  

 

The research used a quantitative approach with a  pre-experimental design method. 

This was because there were no control variables used in the research and the 

sample was not selected randomly. The research sample consisted of 34 Biology 

Education students from the Faculty of Teacher Training and Education, University 

of Riau, comprising 29 female students and 5 male students who were taking the 

wetland ecology elective course in the even semester of 2024/2025. According to 

Sugiyono (2019), the Pre-Experimental Design can help to obtain preliminary 

knowledge regarding the formulation of problems in research.   

 

The research design used was a one-group pretest-posttest design, which is a 

research design that includes a pretest before treatment and a posttest after 

treatment to measure the effectiveness of learning, which is considered more 

accurate because it can compare scores before and after implementation. The 

pretest and posttest activities at this stage measure students' critical thinking skills 

and environmental awareness. This is done to determine the extent of improvement 

in students' critical thinking skills and environmental awareness after using the 

wetland ecology electronic module based on Education for Sustainable 

Development (ESD). An illustration of the trial design is presented in Figure 1 

below. 

 

 

Figure 1. Research Design 

 

The data collected is primary data. The initial test (pretest) is conducted to 

determine learning outcomes before the implementation of the electronic wetland 

ecology module in learning. After that, students receive the electronic wetland 

ecology module treatment for 6 meetings. At the end of the treatment, students 

underwent a final test (posttest) to determine their learning outcomes. The pretest 

and posttest activities at this stage measured students' critical thinking skills and 
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environmental awareness. This was done to determine the extent of improvement 

in students' critical thinking skills and environmental awareness after using the 

electronic wetland ecology module.  

 

Analysis of Critical Thinking and Environmental Awareness Data 

 

Critical Thinking Skills 
 

Critical thinking skills were assessed using a cognitive test instrument (learning 

outcomes) given to students to obtain the expected answers in writing both before 

and after the implementation of the electronic wetland ecology module. The test 

was developed based on achievement indicators and wetland ecology material by 

integrating the local potential of Riau Province. The test questions consisted of: (1) 

Wetland Typology; (2) Wetland Environmental Issues; (3) Wetland Ecosystem 

Restoration and Mitigation Efforts; (4) Ecosystem issues in Riau Province that are 

classified as global and national environmental issues; (5) Wetland ecosystem 

management efforts supported by case studies in Riau Province. The critical 

thinking skills measured by the area N gain to determine its effectiveness and each 

critical thinking indicator. 
 

a. Calculate the difference between the pretest and posttest scores (N-gain). 

 

𝑁 − 𝑔𝑎𝑖𝑛 =
𝑃𝑜𝑠𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

𝐼𝑑𝑒𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
 

 

The N-gain values obtained are interpreted and analyzed descriptively using the 

criteria in Table 1 below. 

 

Table 1. N-gain Categories 

Coefficient Category 

N-gain > 0.7 High 

0.3 ≤ N-gain ≥ 0.7 Medium 

N-gain < 0.3 Low 

 

b. Calculate the average pretest and posttest scores for all students. 

 

𝑇ℎ𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑐𝑜𝑟𝑒 =  
𝑇ℎ𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡′𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒

𝑇𝑜𝑡𝑎𝑙 𝑠𝑡𝑢𝑑𝑒𝑛𝑡
 

 

Critical thinking skills are also calculated from each aspect measured. The data is 

analyzed to determine the percentage increase per critical thinking indicator using 

the following formula:  

 

𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑡ℎ𝑖𝑛𝑘𝑖𝑛𝑔 =  
𝐽𝐵

𝐽𝑆
 𝑋100 

 

Explanation:  

JB = Number of correct scores  
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JS  = Total score 

 

The critical thinking skill scores obtained were interpreted and analyzed 

descriptively using the criteria in Table 2 below. 

 

Table 2. Critical Thinking Criteria 

Competency Mastery Level  Category 

90-100 Very Critical 

80 Critical 

65-79 Moderately Critical 

55 Not Critical 

<55 Not Critical at All  

 

Environmental Awareness Attitude 

 

The environmental awareness test was used to obtain data on students' attitudes 

toward environmental management. It was conducted by providing a number of 

questions with 5 answer choices scored from 1 to 5 through a closed questionnaire 

in the form of a student self-assessment questionnaire. The scoring criteria for each 

assessment item use a Likert scale with 5 assessment criteria, namely: Strongly 

Agree (SS) with a score of 5, Agree (S) with a score of 4, Disagree (KS) with a 

score of 3, Disagree (TS) with a score of 2, and Strongly Disagree (STS) with a 

score of 1. The attitude assessment was developed based on three main aspects of 

environmental awareness assessment, namely: (a) Efforts/Ideas/Concepts, (b) 

Actions/Participation, and (c) Student Responsibility in Wetland Management. 

 

The classification of assessments can be seen in the following formula. 

 

𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡𝑠 (%) =  
𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑖𝑡𝑒𝑚

𝑡ℎ𝑒 𝑖𝑑𝑒𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖𝑡𝑒𝑚𝑠
𝑥100% 

The environmental concern attitude scores obtained were interpreted and analyzed 

descriptively using the classification shown in Table 3 below. 

Table 3. Classification of Environmental Care Attitude Scores 

Score Level of Concern 

> 4.2 to 5.0 Very Concerned 

> 3.4 to 4.2 Concerned 

> 2.6 to 3.4 Less Concerned 

> 1.8 to 2.6 Not Concerned 

≥ 1.0 to 1.8 Very Indifferent 

 

 

3. Results and Discussion 

 

The wetland ecology course is one of the elective courses in the even semester that 

students began taking in the 2023/2024 academic year. An average of more than 30 

students took the course. The course was conducted using the Case Method and 
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Team-Based Project strategies. The average final exam score obtained by students 

was B-. This shows that student scores are still relatively low. The questions given 

during the midterm and final exams are critical thinking questions in the form of 

case study essays that holistically apply critical thinking indicators of analyzing, 

synthesizing, discovering, and problem solving. In addition, many students do not 

have additional references such as books or modules related to wetland ecology, 

relying only on lecture notes. Based on the results of the learning process reflection, 

it is necessary to make improvements in the learning process, one of which is the 

application of enrichment of electronic teaching materials on wetland ecology 

based on ESD. 

 

In the even semester of 2024/2025 when the research was conducted, there were 34 

students taking the wetland ecology elective course, consisting of 29 female 

students and 5 male students. The learning strategy applied was the Case Method 

with additional main references, namely the ESD-based electronic wetland ecology 

module that had been integrated with the local potential of Riau Province. Lectures 

using this electronic module were held over 6 meetings. Students worked in groups 

to discuss and solve cases based on the following material concepts: (1) Wetland 

Typology; (2) Wetland Environmental Issues; (3) Wetland Ecosystem Restoration 

and Mitigation Efforts; (4) Ecosystem problems in Riau Province that are classified 

as global and national environmental issues; (5) Wetland ecosystem management 

efforts supported by case studies in Riau Province that occurred in peat ecosystems, 

mangrove ecosystems, and swamp ecosystems. 

 

Students' Critical Thinking Skills 

 

During the wetland ecology lectures, there was a noticeable change in the students' 

attitude, especially in preparing material concepts from various reference sources 

supported by electronic modules. The students were very enthusiastic in finding 

answers to problems occurring in peat, mangrove, and swamp ecosystems. Students 

were required to analyze, synthesize, solve problems, and draw conclusions from 

the problems that had to be solved with the hope that their critical thinking skills 

would improve. Students' critical thinking skills were assessed through pretest 

(before the experiment) and posttest (after the experiment) assessments. The results 

of the study are presented in Table 4 below.  

 

Table 4. Students' Critical Thinking Skills 

No 
Pre-Test Post-Test n-gain 

Score Criteria Score Criteria Value  Criteria 

1 70.47 Good (B) 84.28 Very Good (A) 0.56 Average 

 

Based on Table 4, it shows that there was an increase in pretest and posttest scores. 

The average pretest score was 70.47 with a Good criterion, while the average 
posttest score was 84.28 with a Very Good criterion. The increase in critical 

thinking was due to the students' good understanding of the learning material with 

the application of ESD-based electronic modules in the Wetland Ecology course 

material. The analysis results show that there was an increase in critical thinking on 

the pretest and posttest. The increase in critical thinking among students was 
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moderate, with an n-gain value of 0.56 for each module. According to Sapta et al. 

(2019), the use of electronic modules as digital teaching materials can improve 

students' critical thinking skills, as evidenced by the students' ability to draw 

conclusions and solve problems through the ideas presented in the teaching 

materials. This is also supported by the opinion of Santi et al. (2016) that the use of 

electronic modules can foster creativity, productive thinking habits, create active, 

effective, and enjoyable conditions, and develop students' literacy skills. The 

following is the cover of the electronic module on wetland ecology and student 

discussion activities during lectures as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

 

Figure 2a. Cover of the electronic module          Figure 2b. Cover of Module 1 

 

 

 

 

         

 

 

 

 

 

 

 

 

  

 

 

   

 

Figure 2c. Cover of Module 2       Figure 2d. Cover of Module 3 
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During the wetland ecology lecture using the case method strategy, students were 

very enthusiastic in discussion activities using additional references from the 

electronic wetland module to solve problems in peat ecosystems, mangrove 

ecosystems, and swamp ecosystems. After the students finished discussing, the next 

step was for group representatives to present alternative solutions to be responded 

to by other groups. At the end of the lecture, each student individually completed a 

formative test contained in the electronic module. The following are the activities 

of students during the wetland ecology lecture, as presented in Figure 3 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3a. Student group discussion                        Figure 3b. Group presentation 

                  with the electronic module 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Figure 3c. Students taking the formative test 

    in the electronic module 

                                   

Students' critical thinking skills in each indicator were also measured, including: 

analyzing, synthesizing, recognizing and solving problems, concluding, evaluating, 

and assessing. According to Ariadila et al. (2023), critical thinking skills are 

cognitive abilities in presenting problems and identifying and developing solutions 

to those problems. Critical thinking is a higher-order thinking process that can be 

used in the formation of students' conceptual systems. Critical thinking is rational 

and reflective thinking that focuses on deciding what to believe or do. Reasoning 

requires critical thinking skills; in other words, critical thinking skills are part of 
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reasoning. The indicators of students' critical thinking skills are presented in Table 

5 below. 

 

Table 5. Indicators of Students' Critical Thinking Skills 

No Critical Thinking 

Indicators 

Score  

Pre-test Posttest n-gain index and 

category 

1 Analyzing 70 

(fairly critical) 

84 

(critical) 

0.46 

(Moderate) 

2 Synthesizing 71 

(fairly critical) 

84 

(critical) 

0.4 

(Moderate) 

3 Recognizing and 

Solving Problems 

67 

(fairly critical) 

82 

(critical) 

0.45 

(Moderate 

4 Conclusion  71.0 

(fairly critical) 

85.0 

(critical) 

0.48 

(Moderate) 

5 Evaluating and 

Assessing 

71 

(fairly critical) 

86 

(critical) 

0.5 

(Moderate) 

 Average 70.4 

(fairly critical) 

84.2 

(critical) 

0.46 

(Moderate) 

 

Based on Table 5, there are differences in critical thinking scores for each indicator. 

During the pretest for the first indicator, analyzing, the average score was 70 with 

a fairly critical category and increased in the posttest score to 84.0 with an n-gain 

value of 0.46 with a moderate category. Based on this data, it can be seen that the 

analyzing indicator increased from the pretest score to the posttest score. This is 

related to learning using ESD-based electronic modules. The second indicator, 

synthesizing, also experienced an increase in value from the pretest, which obtained 

a value of 71.0 with a fairly critical category, and in the posttest, it increased with 

a value of 84.0 with an n-gain of 0.44 with a moderate category. In using electronic 

modules, students are required to carry out literacy activities by utilizing electronic 

module teaching materials and can access various additional references contained 

in the teaching materials, thereby increasing students' synthesizing abilities.  

 

The third indicator, recognizing and solving problems, received an average pretest 

score of 67.0, categorized as critically sufficient, and a posttest score of 82.0, 

categorized as critical, with an n-gain of 0.45, categorized as moderate. Based on 

these indicators, it can be seen that students' ability to recognize and solve problems 

improved after using the ESD-based electronic module. In using the electronic 

module, students are required to be able to recognize and solve problems from 

several group discussions, thereby improving their ability to solve the problems 

presented. The fourth indicator concludes that the pretest obtained an average score 

of 71.0 in the fairly critical category, which increased in the posttest with an average 

score of 85.0 in the critical category with an n-gain value of 0.48 in the moderate 

category. The electronic module also presents videos based on facts and data related 

to wetland ecosystems, which can improve students' ability to draw conclusions. 



 Sri Wulandari et al. / Journal of Educational Sciences Vol. 9 No. 6 (Nov, 2025) 5192-5205 

 

5201 

This finding is in line with the conclusion of Asri et al. (2024) that electronic 

modules can improve students' thinking skills because the advantages of electronic 

modules encourage students to seriously solve problems and trigger them to 

understand the learning material.  

 

According to Aji & Hudha (2017), the use of electronic modules in learning can 

bridge and even integrate the experiences and knowledge of students to master the 

learning material in depth. This is because teaching materials such as modules can 

simply provide convenience for students in obtaining information, knowledge, 

experiences, and skills in learning. The results of Sugiarto (2016) research show 

that learning using problem-based modules can increase students' in-depth 

understanding. Modules developed by presenting local potential in the form of 

problems in the surrounding environment can foster students' interest in learning. 

Students will easily understand learning materials that use modules that present 

various examples of problems in the surrounding environment. This is because 

these modules trigger an increase in students' interest and prevent them from feeling 

bored with the material presented.  

 

A good module will require students to learn independently in solving the problems 

presented. This is in line with the research by Sujiono (2014), that modules designed 

from environmental problems can improve problem-solving skills. The use of 

problem-based modules can also improve students' critical thinking skills Defines 

problem solving in learning as a complex (multiple) step process in which students 

must be able to find connections between past learning experiences and problems 

to be solved in the present and formulate solution actions to be taken. 

 

Learning based on local potential issues will strengthen practical understanding. 

According to Simone (2014), improving students' knowledge competence can be 

done through collaborative and constructivist learning based on local issues. This 

learning can be done by raising the potential of the surrounding environment as 

material to be discussed or studied.  The modules developed based on ESD direct 

learning activities that present authentic and relevant data and facts about problems, 

so that students are able to increase their knowledge. The use of relevant modules 

supported by appropriate learning models will be very effective in improving 

learning outcomes. 

 

Students' Environmental Awareness Attitudes 

 

Environmental awareness is an individual's response to social stimuli and the 

surrounding environmental conditions. Responses are forms of individual readiness 

that are divided into three types, namely: (1) cognitive responses, namely: 

perceptual responses and statements of belief; (2) affective responses, namely: 

sympathetic responses and expressions of affection; and (3) behavioral (conative) 

responses, namely: responses in the form of actions and statements regarding 

behavior. Attitude is a person's tendency to act, think, and feel when facing an 

object or situation to determine opinions and actions, both positive and negative 

(Narwati, 2011). This study also assessed students' cognitive attitudes towards 

environmental care in the application of ESD-based electronic wetland ecology 
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modules through the distribution of questionnaires before and after learning. The 

results of the study are presented in Table 6 below. 

 

Table 6.  Cognitive Environmental Concern Attitude Scores of Students 

NO Pre-Test Post-test n-gain 

Score Criteria Score Criteria Value Criteria 

1 3.45 Concern 4.30 Very Caring 0.52 Moderate 

 

The environmental concern attitude measured consists of environmental 

management responsibility, environmental management participation, and ideas in 

environmental management. The analysis results show that there was an increase in 

the cognitive attitude value of students' environmental concern in the pretest and 

posttest. The students' cognitive environmental concern attitude score on the pretest 

was 3.45 with a criterion of concerned, while on the posttest it was 4.30 with a 

criterion of very concerned. Based on the analysis of the pretest and posttest scores, 

the students' cognitive environmental concern attitude increased. The overall n-gain 

score was 0.52 with a criterion of moderate. A comparison of the cognitive 

environmental concern attitude scores can be seen in Figure 4 below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Indicators of Students Environmental Concern Attitude Scores 

 

This increase in cognitive attitudes towards environmental awareness is in line with 

the improvement in students critical thinking skills. When viewed based on a 

comparison of students critical thinking and pretest and posttest attitudes, it can be 

seen that the posttest increase in attitudes and knowledge is moderate. This score is 

better than the pretest score, even though it is still in the moderate range. The results 

of the increase in environmental awareness through learning using modules are also 
better than without using modules. This indicates that there is some content in the 

module that is able to provide interest and stimulus regarding the important values 

of environmental management. These values have basically been presented in the 

ESD module by presenting various sentences and illustrations that contain 
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invitations to increase awareness of the surrounding environment so that it is hoped 

that it will be able to foster students' awareness of the environment. 

 

Critical thinking skills are important in the 21st-century learning process, including 

in the context of environmental education. According to Fatiah et al. (2022), critical 

thinking is a rational and reflective thinking process focused on determining what 

to believe or do. Students with critical thinking skills are able to analyze, evaluate, 

and draw logical conclusions from various information received, including 

information related to environmental issues. This ability plays an important role in 

shaping environmental awareness, as it enables students to rationally understand 

the impact of human actions on the environment. This is in line with the responsible 

environmental behavior model proposed by Hines in Unwakoly (2022), which 

states that environmental awareness is influenced by an individual's knowledge, 

awareness, and critical thinking skills. 

Attitudes are not formed instantly but rather through a developing process. I n good 

attitudes must be developed over time through a learning process, one of which is 

through education, namely by teaching, providing stimuli in the form of 

encouragement of good values, and practicing them in life, therefore, consistent 

attitude formation is necessary. Kalantari et al. (2010) explain that knowledge plays 

an important role in improving the quality of attitudes and behaviors that care for 

the environment by fostering individuals' ability to formulate alternative views and 

arguments in support of each individual's beliefs and behaviors. Kaiser et al. (1999) 

explain that environmental knowledge and feelings of responsibility  together 

influence the intention to care for the environment. According to Lickona (2012), 

the formation of attitudes and character in a person is supported by three interrelated 

components, namely: moral knowledge, moral feelings, and moral behavior, which 

describe one of the approaches used in character building, namely by providing the 

concept of these values as knowledge. This knowledge can foster strong feelings in 

children. Knowledge and feelings are then manifested in the form of behavior. 

 

 

4. Conclusion 

 

The results of the study show that the application of the ESD-based electronic 

wetland ecology module in the wetland ecology course can improve critical 

thinking skills, which consist of analyzing, synthesizing, recognizing and solving 

problems, concluding, evaluating, and assessing, as seen from the increase in 

pretest scores to posttest scores in the very critical category. The effectiveness of 

the application of the electronic wetland ecology module in lectures is in the 

moderate category. The increase in students' environmental awareness scores also 

shows an increase from awareness to the very aware category. The electronic 

wetland ecology module can be used as an alternative teaching material for the 

elective course on wetland ecology in the next academic year at the Biology 

Education Study Program, Faculty of Teacher Training and Education, University 

of Riau, as well as other universities.  
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