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Abstract 

Emerging global issues require learning media to support students' collaboration skills to connect concepts 

and design solutions in order to solve contextual problems. This study aims to describe feasibility of student 

activity sheet (SAS) based on STEM (Science, Technology, Engineering, and Mathematics) approach and 

project-based learning on the topic of green chemistry to support collaboration skills. This research 

employed a research and development (R&D) method using 4D model, limited to the Define, Design, and 

Develop stages. The limited trial involved 32 tenth-grade students at a Senior High School in Surabaya. 

The research instruments include validation sheets, student response questionnaires, learning 

implementation observation sheets, student activity observation sheets, and collaboration skills self-

assessment. Data were analyzed descriptively using median scores and percentages.  The validity of SAS 

was assessed by two chemistry lecturers and one chemistry teacher with median 5 categorized as very valid 

criteria. The practicality of SAS was measured through student response questionnaires, obtaining 

percentage of 96,88% categorized as very practical criteria, learning implementation observation with 

median 5 categorized as very good criteria, and student activity observation with percentage of 94,56% 

categorized as very good criteria. The effectiveness of SAS was measured through collaboration skills self-

assessment, obtaining 86,06% in the first meeting and 93,31% in the second meeting both categorized as 

very good. These findings indicate that the developed SAS is feasible for supporting students’ collaboration 

skills in green chemistry topic. 

Keywords: student activity sheet (SAS), STEM, project based learning, green chemistry, collaboration 

skills 

 

 

 

INTRODUCTION  

Current global challenges driven by 

behavioral shifts threatening environmental 

sustainability [1], [2]. In this context, secondary 

chemistry education aims to equip students with 

knowledge and skills relevant to foster resilience 

needed to navigate 21st century global challenges 

[3]. Consequently, education aims to produce 

graduates who possess 4C competencies, that is 

critical thinking, creativity, communication and 

collaboration. These skills are recognized as the 

core prerequisites for successfully addressing the 

challenges of the 21st century [4].  

Collaboration skills refers to individual’s 

capacity to engage in cooperative efforts to attain 

shared objectives. These competencies not only 

facilitate the completion of academic requirements 

but also equip students for future professional 

landscapes by fostering collective problem-solving 

capabilities [5]. Indicators of collaboration are 

responsibility, active contribution, productive 

work, flexibility and compromises, empathy, and 

manage project [6]. Furthermore, the integration of 

STEM approach in learning activity provides a 

robust environment for the refinement of these 

collaborative skills [7]. 

The STEM approach is an innovation in 

learning that demands active student participation 

[7]. The STEM approach focuses on the integration 

of science, technology, engineering, and 

mathematics that empowers students to design 

solution addressing real world problems [8]. In 

primary and secondary education, students are 

expected to analyze problem through scientific 

inquiry, technological design, and mathematical 

reasoning [9]. STEM approach facilitates 

meaningful learning through systematic integration 

of knowledge and skills [10]. The application of 
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STEM approach can be carried out through project-

based learning model [11]. 

Project based learning is a learning model 

facilitating students with authentic application 

[12]. The problems presented are authentic, aligned 

with curriculum, and encompass interdisciplinary 

study [13]. Project based learning model directs 

students to solve problems and emphasizes 

contextual learning through complex process, 

learning autonomy to explore, plan learning 

activities collaboratively, and implement projects 

in order to produce a product [14]. Project-based 

learning model consists of six stages, namely 

formulate essential questions, design and create 

project plans, create project schedule, implement 

project under teacher supervision, present the 

product, and evaluate as well as reflect on the 

product [12].  

Green chemistry focuses on the strategic 

design of chemical product and manufacturing 

process to mitigate the presence of hazardous 

substances to human health, animal welfare, and 

environment [15]. The core pedagogical objective 

of green chemistry is to minimize the use of 

hazardous materials and optimize efficient energy 

within chemical processes [16]. 

The achievement of academic competencies 

is fundamentally dependent on the availability of 

comprehensive learning media. Student activity 

sheets provide targeted assignments that align with 

curriculum and ensure thematic relevance for 

students [17]. In the current educational landscape, 

it is imperative to develop a learning media that 

bridges theoretical concepts with contextualized 

real-world challenges for addressing global crisis. 

Preliminary research was done by 

distributing pre-research questionnaire to 25 

students in grade XI that has studied green 

chemistry. The result showed 80% of students state 

that chemistry is an interesting subject. However, 

chemistry learning is mainly explained by teacher. 

As number of students of 41% showed interest in 

learning chemistry through project and 29% 

students are motivated to connect chemistry with 

real world application. Previous research has found 

that utilization of SAS oriented with STEM-PjBL 

facilitates students’ learning through contextual 

problem in electrolyte and non-electrolyte material 

[12]. However, few studies have investigated the 

utilization of SAS oriented with STEM-PjBL in 

green chemistry topic to support students’ 

collaboration skills. These data indicate the needs 

of learning media that linked core material with 

real world application. 

Based on the problems and needs analysis, 

this research aims to develop a student activity 

sheets based on STEM approach with PjBL on 

green chemistry topic oriented towards supporting 

students’ collaboration skills as an effort to create 

meaningful chemistry learning and encourage 

deeper understanding of concepts.  

METHOD  

This research employed the Research and 

Development (R&D) method designed by 

Thiagarajan and Semmel using 4D model, , limited 

to the Define, Design, and Develop stages [18]. 

The research subject was 32 grade X students from 

SMAN 5 Surabaya. 

Data for this study were collected using 

several instruments, including validation sheets to 

assess the validity of SAS using Likert scale 1-5 

distributed to three validators, learning 

implementation observation sheets to evaluate the 

practicality of the learning process using Likert 

scale 1-5 distributed to five observers, student 

activity observation sheet using percentages 

distributed to five observers, student response 

questionnaire, and collaboration skills self-

assessment.  

The validity data obtained were analyzed 

using Likert scale as shown in Table 1. Validity of 

SAS was analyzed descriptively using median to 

identify the central tendency of expert evaluations. 

SAS is considered valid if the median ≥4 in good 

to very good criteria [19].  

Table 1. Likert Scale 

Score Criteria 

1 Bad 

2 Not Good 

3 Average 

4 Good 

5 Excellent 

 

The result of learning implementation 

observation was analyzed using Likert scale in 
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Table 1. SAS is considered practical if the median 

≥4 in good to very good criteria [19]. 

Student response questionnaire was 

analyzed using Guttman scale depicted in Table 2. 

Table 2. Guttman Scale 

Statement Criteria Score 

Positive  Yes 1 

 No 0 

Negative  Yes 1 

 No 0 

 

Student response data were analyzed using 

percentages with the formula. 

 

Percentage=
Σ score for each statement

respondents
×100% 

[20] 

The practicality percentages from student response 

questionnaire and student activity observation 

were interpreted according to the criterion 

presented in Table 3. SAS is practical if the student 

response and student activity observation 

percentage ≥61% with good to very good criteria 

[21].  

Table 3. Student Activity Criteria 

Percentage Criteria 

0-20% Bad 

21-40% Not Good 

41-60% Average 

61-80% Good 

81-100% Excellent 

 

The effectiveness of SAS determined by 

collaboration skills self-assessment. A limitation in 

the study is acknowledged as collaboration skills 

were measures through self-assessment. 

Collaboration skills self-assessment data collected 

using Collaboration Self-Assessment Tool (CSAT) 

score ranging from 1 to 4 [22]. 

Table 4. CSAT Score 

Score Criteria 

1 Never 

2 Rarely 

3 Frequently 

4 Always 

 

Collaboration skills self-assessment data 

were analyzed using percentages with the formula.  

 

Percentage=
Σ score for each statement

number of statements
×100% 

The scoring guidelines for collaboration 

skills self-assessment Table 4. SAS is considered 

effectively support students’ collaboration skills if 

percentage increased from the first meeting to the 

second meeting. 

 

RESULTS AND DISCUSSION 

The result of this development research is a 

student activity sheet based on STEM approach 

and PjBL learning model on green chemistry topic, 

designed to support students’ collaboration skills.  

Define Stage 

The define stage aims to obtain general 

overview of the learning conditions of green 

chemistry material at a Senior High School in 

Surabaya. In this stage, front-end analysis, learner 

analysis, task analysis, concept analysis, and 

formulation of learning objectives were conducted. 

Front-end analysis was collected through interview 

with chemistry teacher and distribution of 

preliminary questionnaire to grade XI students in 

order to identify obstacles in chemistry learning. 

Learner analysis aims to map students’ 

characteristics, including age, cognitive 

development, and academic performance. Task 

analysis aims to identify competencies that must be 

mastered according to Independent Curriculum 

and Learning Goals. Concept analysis was 

conducted by identifying the main concepts in 

green chemistry topic as shown in Figure 1. The 

learning objectives was created by referring to the 

chemistry learning goals.  

 
Figure 1. Green Chemistry Concept Map 
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Design Stage 

The design stage is the process of format 

selection and initial design of student activity sheet 

based on STEM approach and PjBL learning 

model. Format selection involves curation of 

learning resources and identification of appropriate 

learning models, while ensuring strategic 

alignment between curriculum and students’ needs. 

At this stage, product design was systematically 

developed to ensure alignment between learning 

needs and the media format. The SAS consists of 

three projects: SAS 1 preparation of natural ink, 

SAS 2 preparation of dish soap from soapberry 

fruit, and SAS 3 preparation of compost. Each SAS 

is design by integrating four aspects of STEM and 

six phases of PjBL with five collaboration skill 

aspects as shown in Table 5. 

Table 5. SAS Structure Design 

PjBL 

Syntax 

STEM 

Aspects 

Collaboration 

Skills 

Formulate 

Essential 

Question 

Science  

Design 

Project 

Technology 

and 

Engineering 

Active 

Contribution 

Make Project 

Schedule 

 Manage 

Project 

Project 

Implementati

on under 

Teacher 

Supervision 

Engineering 

and 

Mathematics 

Responsibility 

and Work 

Productively 

Presenting 

Project 

  

Evaluate and 

Reflection of 

Project 

 Flexibility and 

Compromise 

 

SAS cover principles of green chemistry and 

the application in real life context as shown in 

Table 6. Students learn principles number 1 waste 

prevention prioritize the waste prevention rather 

than cleaning and treating waste after it has been 

created, number 5 safer solvents choose the safest 

solvent available for any given step, number 7 

renewable products use materials which are made 

from renewable sources, number 10 design product 

for degradation design chemicals that degrade and 

can be discarded easily, and number 12 accident 

prevention develop chemical procedures that are 

safer and minimize the risk of accidents. 

Comprehensive integration of concepts helps 

students understand and applied green chemistry 

concept to address authentic environmental issues. 

Table 6. Green Chemistry Principles on Each SAS 

SAS  Green Chemistry Principles 

SAS 1 

preparation 

of natural 

ink, 

Number 1 Waste Prevention  

Number 5 Safer Solvents 

Number 12 Accident Prevention 

SAS 2 

preparation 

of dish soap 

from 

soapberry 

fruit 

Number 5 Safer Solvents 

Number 10 Design Product for 

Degradation  

Number 12 Accident Prevention 

SAS 3 

preparation 

of compost 

Number 1 Waste Prevention  

Number 7 Renewable Products 

Number 12 Accident Prevention  

 

The STEM aspects on each page of SAS is 

highlighted in a box to make it easier for students 

to identify the STEM aspects being studied and 

making the learning activity meaningful. The first 

aspect is science by analysis of a phenomena and 

their impacts, students construct actionable 

solutions for identified problem. The second aspect 

is technology, students engage in information 

collection to select appropriate methods require for 

product design and prototype. The third aspect is 

engineering, students configure materials and 

procedural design facilitated through product pilot 

testing. The fourth aspect is mathematics, students 

perform data analysis using mathematical 

operations. 

SAS effectively incorporated Science 

aspects by following the steps of PjBL. The initial 

stage of PjBL is formulation of essential question 

shown in Figure 2. In SAS 2 preparation of dish 

soap from soapberry fruit, students investigate 

river water contamination in one of the river in 

Surabaya by domestic waste. This authentic 

problem allows students to recognize the 

immediate impact of domestic waste management. 

Students can bridge the gap between green 

chemistry topic and real-world application through 

investigation. After students identify the main 

problem, students are asked to formulate essential 

question: What sustainable mitigation can be 
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developed to effectively reduce domestic waste 

into local river? 

Figure 2. Phase 1 in Project 2 (Preparation of Dish 

Soap from Soapberry Fruit) 

 

Technology and engineering aspects 

incorporated in the second stage of PjBL create 

project design. During this phase, students 

formulate strategic solution, including selection of 

materials and project procedure shown in Figure 3. 

Collaboration skill aspect developed in the second 

stage is proactive contribution where students 

communicate their ideas regarding the project 

design.  

Figure 3. Phase 2 in Project 2 (Preparation of Dish 

Soap from Soapberry Fruit) 

 

In the third stage of PjBL project scheduling, 

students create a project timeline and assigned 

responsibilities for each group member according 

to their ability. Collaboration skill aspect 

developed is effective project management where 

students align task with group member abilities. 

Students learn to manage the project in order to 

complete the task efficiently and on time. 

In the fourth stage of PjBL project 

implementation monitored by teacher. This stage 

Engineering and Mathematics aspect were 

incorporated. Students write down empirical 

observation and perform data analysis shown in 

Figure 4. The engineering aspect is shown by trials 

for the product optimization, while mathematics 

aspect is applied through calculation for data 

analysis. In addition, students developed 

responsibility and work productively resulting in 

efficient and deadline-compliant project. 

Figure 4. Phase 4 in Project 2 (Preparation of Dish 

Soap from Soapberry Fruit) 

 

The fifth stage of PjBL project presentation, 

students present their product in front of the 

classroom and received peer-to-peer feedback 

mediated by teacher.  

The final stage of PjBL evaluating and 

reflecting of product, students assess their 

performance, learn to mitigate project challenges, 

and reflect on product quality. Student developed 

collaboration skill aspect that is flexibility and 

collaborative compromises.  

The integration of STEM approach with 

PjBL model enables students to internalize both 

conceptual understanding of product development 

and product engineering and design. The PjBL 

model facilitates problem solving through 

authentic learning [12]. Students empowered with 

the autonomy to explore and plan collaborative 

learning activities, and perform project to produce 

a product [23]. 

Develop Stage 

The development stage resulted in student 

activity sheet by integrating four aspects of STEM 

and six phases of PjBL with five collaboration skill 

aspects for green chemistry topic. The initial 

design was then expert reviewed, validated, 
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revision, and a performed limited trial. The initial 

design was reviewed by supervisor to gather input 

and suggestions for SAS improvement prior to 

media validation.  

Validity  

Media validation was assessed by two 

chemistry lecturers from Universitas Negeri 

Surabaya and one chemistry teacher from SMAN 5 

Surabaya to assess the feasibility of SAS including 

content validity and construct validity.  

Content validity encompasses the suitability 

with independent curriculum, learning goals, and 

learning objectives, suitability of green chemistry 

material, suitability with STEM aspects, suitability 

with PjBL model, suitability with collaboration 

skill aspects, suitability of collaboration skill 

aspects with STEM aspects, and suitability of 

collaboration skill aspects with PjBL model. 

 

 

 

 

 

Table 7. Content Validity Results 

Assessed aspect V1 V2 V3 Median Criteria 

Suitability with Independent Curriculum, Learning Goals, and 

Learning Objectives 

4 5 5 5 Very Valid 

Suitability of green chemistry material 4 5 5 5 Very Valid 

Suitability with STEM aspects 4 4 5 4 Valid 

Suitability with PjBL model 5 4 5 5 Very Valid 

Suitability with collaboration skill aspects 4 4 5 4 Valid 

Suitability of collaboration skill aspects with STEM aspects 4 4 5 4 Valid 

Suitability of collaboration skill aspects with PjBL model 4 5 5 5 Very Valid 

 

Table 8. Construct Validity Result 

Assessed 

aspect 
V1 V2 V3 Median Criteria 

Language  4 5 5 5 Very 

Valid 

Presentation 4 4 5 4 Valid 

Graphic 4 4 5 4 Valid 

 

According to Table 8, the SAS developed 

has a median of 5 for content validity categorized 

as very valid. In Table 8, showed that SAS has a 

median of 4 for construct validity categorized as 

valid. Overall, the validity of SAS for both content 

and construct validity has a median of 5 

categorized as very valid. Hence, SAS is suitable 

as learning media in chemistry. 

In addition, the research instruments used in 

this study were tested for validity through expert 

assessment and analyzed using median scores 

before limited trial as presented in Table 9. 

 

 

 

 

 

 

 

Table 9. Instrument Validation Results 

Research Instrument Median Criteria 

Student response 

questionnaire 

5 Very 

Valid 

Learning 

implementation 

observation 

5 Very 

Valid 

Student activity 

observation  

4 Valid 

Collaboration skill self-

assessment 

5 Very 

Valid 

 

It can be seen from the data in Table 9, that 

the student response questionnaire obtained a 

median score 5 in very valid category. The learning 

implementation observation obtained a median 

score 5 in very valid category. The student activity 

observation obtained a median score 4 in valid 

category. The collaboration skill self-assessment 

obtained a median score 5 in valid category. This 

indicates that the instruments are valid for research 

purpose. 

Practicality 

The practicality of SAS was assessed 

through student response questionnaire, learning 

implementation observation, and student activity 

observation.  
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Student response questionnaire consists of 

23 questions regarding SAS, learning activity, and 

collaboration skill aspects. The result obtained 

from the student response are shown in Table 10.  

Table 10. Student Response Results 

Aspect Percentage Criteria 

Response to 

SAS 

96,36% Very Practical 

Response to 

STEM 

Approach 

94,38% Very Practical 

Response to 

PjBL  

98,22% Very Practical 

Response to 

Collaboration 

Skill 

98,13% Very Practical 

Average 96,88% Very Practical 

 

According to Table 10, the student response 

questionnaire achieved an overall percentage of 

96,88% in highly practical category. 

The learning implementation observation 

and student activity observation aim to assess the 

practicality of SAS as learning media. The 

observation was done by five observers, each 

observer filled out the learning implementation 

observation by giving scores between 1 to 5. The 

data was analyzed using median. The result of 

learning implementation observation in two 

meetings showed that learning took place very 

good with median 5. The result is presented in 

Figure 5. 

 
Figure 5. Learning Implementation Observation 

Results using PjBL from Phase 1 until 

Phase 6 

 

Student activity observation filled out by 

five observers each 3 minutes during learning 

activity. The result presented in Table 11. 

 

 

Table 11. Student Activity Results 

Meeting Percentage Criteria 

Meeting 1 93,56% Excelled 

Meeting 2 95,56% Excellent 

Average 94,56% Excellent 

 

According to Table 11, the student activity 

observation achieved an overall percentage of in 

highly practical category. 

Effectiveness  

The effectiveness of SAS was determined 

through collaboration skills self-assessment.  

According to Figure 6, significant improvement in 

students’ collaboration skill across five aspects 

between the first meeting and second meeting. This 

finding highlights the importance of collaboration 

as a foundational 21st century skill, where the 

complexity of global dynamic requires students to 

demonstrate adaptability and optimal productivity 

working in groups [5]. 

 

 
Figure 6. Collaboration Self-Assessment Results 

 

Responsibility is an attitude that requires 

students to attend group meetings and complete 

tasks on time [24]. Based on Figure 6, the average 

increased from 89,22% in the first meeting to 

95,56% in the second meeting categorized as 

excellent. This represents 7,34 percentage point in 

responsibility aspect, resulting in overall 

percentage 92,89% categorized as excellent.  

While the majority of the students exhibited 

proactive development in responsibility, a few 

students achieved <75% situating them in good 
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category. These students demonstrated 

foundational responsibility, they still require 

sustained intervention aligning with character 

development is an iterative process requiring 

regular integration to the curriculum [25]. 

Active contribution is the ability to convey 

ideas and solutions during group discussions. The 

active role of group members helps achieve goals 

because every student contributes their knowledge 

[25]. Based on Figure 6, the average increased 

from 78,91% in the first meeting categorized as 

good to 87,3% in the second meeting categorized 

as excellent. This represents 8,40 percentage point 

in active contribution aspect, resulting in overall 

percentage 83,89% categorized as excellent. 

The majority of students demonstrated 

enhanced contribution, but several students 

recorded <75% situating them in good category. 

This passive engagement may stem from low self-

efficacy or limited opportunities for verbal 

participation. Consequently, pedagogical 

scaffolding directed by teacher is essential to 

provide discussion platform for these students to 

communicate their insights [25]. 

Work productively refers to students assign 

roles according to their abilities to facilitate 

efficient and timely goals [26]. Based on Figure 6, 

the average increased from 83,28% in the first 

meeting to 90,63% in the second meeting 

categorized as excellent. This represents 7,34 

percentage point increase in work productively 

aspect, resulting in overall percentage 83,89% 

categorized as excellent. 

Despite the students generally exhibited 

positive progress, but several students struggle to 

work efficiently and on time due to poor time 

management or task distribution that did not match 

their abilities. Addressing these challenges require 

fair task distribution and time management.  

Flexibility and compromise evaluate the 

students’ ability to accept collective decision and 

navigate different perspective to achieve goal [26]. 

Based on Figure 6, the average increased from 

89,19% in the first meeting to 96,48% in the second 

meeting categorized as excellent. This represents 

7,29 percentage point in flexibility and 

compromise aspect, resulting in overall percentage 

92,84% categorized as excellent. 

While the majority of students demonstrated 

enhanced adaptive collaboration, but a few 

students tend to hold onto their own opinions and 

have difficulty accepting different insights. As a 

result, moderated discussion is essential to bridge 

different insights and ensure that all student 

contributions are equitably facilitated [25]. 

Manage project refers to students’ ability to 

implement project activity in accordance with 

systematic plan [25]. Based on Figure 6, the 

average increased from 89,22% in the first meeting 

to 95,56% in the second meeting categorized as 

excellent. This represents 7,34 percentage point in 

manage project aspect, resulting in overall 

percentage 92,89% categorized as excellent.  

Although majority of students showed 

positive development, several students encounter 

challenges in planning strategically. In order to 

address this, structured task and timelines is 

essential to foster project management [25]. 

This finding aligns with previous research 

confirming that the integration of STEM oriented 

PjBL significantly support students’ collaboration 

skills [27]. The interdisciplinary STEM compels 

students to investigate main problem, propose 

solutions using appropriate methodologies, and 

validate outcomes through trial and empirical 

analysis. This approach requires collaborative 

work from students to ensure project efficiency 

[28].  

 

CONCLUSION  

Based on the results of the research on the 

development of student activity sheet (SAS) based 

on STEM approach with project-based learning are 

feasible for enhancing collaboration skills on green 

chemistry topic. Feasibility of SAS indicated by 

validity of SAS obtained median of 5 with very 

valid criteria for both content validity and construct 

validity, practicality of SAS obtained from student 

response percentage 96,88% with very practical, 

supported by learning implementation observation 

median of 5 with very good criteria and student 

activity percentage 94,56% with very good criteria. 

Furthermore, effectiveness of SAS obtained from 

collaboration skills improvement from first 

meeting with percentage 86,06% to 93,31%in 

second meeting. It can be concluded that SAS with 

STEM approach and PjBL is suitable as learning 
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media and has potential to support students’ 

collaboration skills in green chemistry topic. 
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