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Abstract So that can to produce a PjBL-based Student Worksheet with a valid and practical 

statistical approach to the Greenhouse Effect material in the Environmental Physics course, this 

research was conducted. Through the stages of planning, development procedures and 

Tessmer's formative evaluation model with expert review stages in order to validate the 

language, content and design which is the definition of the Rowntree research model used in 

conducting this research. The use of the Likert scale by questionnaire techniques and 

walkthroughs is used to design validity data analysis for student worksheet products. As for the 

data analysis carried out, very valid results were obtained from a maximum score of 5 with a 

value of 4.3 for validation of the greenhouse effect context using a statistical approach, 4.9 for 

validation of working width design and 5 for linguistic validation. Tests for practical use are 

carried out on students. At the one-to-one evaluation stage, test results were obtained which 

showed the average score and for testing in small groups, it reached 93.7% and 97.5% in the 

very practical category.  

 

 

 

1. Introduction 

As is known, currently the topic that is being hotly discussed by the world community is the issue of 

global warming. The continuous increase in the average temperature of the earth system is the 

definition of what is meant by global warming [1]. Significant climate changes that occur throughout 

the world are the impact of global warming [2]. Global warming results in an increase in the average 

temperature of the earth's surface. This opinion is explained by the Intergvernmental Panel On Climate 

Change or IPCC [3]. In 2022 the average global surface temperature will be warmer than in 1991-

2000 [4].  

Greenhouse gas emissions caused by daily human activities are the cause of global warming 

according to IPCC Results [5]. The gases found in the atmosphere that occur due to daily human 

activities or naturally are greenhouse gases [6]. There is no problem if greenhouse gas concentrations 

are constant [7]. The phenomenon of global warming will occur if the concentration of greenhouse 

gases increases [8]. Carbon dioxide, methane, chlorofluorocarbons, ozone and nitrous oxide are types 

of greenhouse gases that will cause global warming phenomena [7].  

The Kyoto Protocol is a policy implemented to support efforts to reduce greenhouse gas 

emissions [9]. Global warming will cause world life to be threatened, which is why the Kyoto Protocol 

emerged [10]. Global warming occurs due to increased emissions of greenhouse gases. To reduce it, an 

international agreement called the Kyoto Protocol was held [11].  
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Apart from the Kyoto Protocol, the world's step in preventing global warming is the Paris 

Agreement. To limit global warming to below 2°C and try to limit it to 1.5°C above pre-industrial 

levels, the Paris Agreement was entered into [12] [13] [14] [15]. This is done so that the earth is at a 

temperature of 1.5°C in 2100 [16]. Carbon dioxide is a greenhouse gas that can cause global warming 

[17]. Therefore, Carbon dioxide mitigation needs to be carried out early to achieve long-term 

temperature goals [18].  

All countries in the world contribute and participate in this policy. Indonesia is one of the 

countries participating in the Kyoto Protocol and the Paris Agreement. All sectors in Indonesia, one of 

which is education, are trying to reduce greenhouse gas emissions. Using universities to include 

environmental physics into the curriculum is a contribution made to the field of education. 

Environmental physics is a mandatory subject for Physics Education students to improve students' 

abilities in finding environmental problems and efforts to solve these problems [19].  

Learning for students must have high-level critical thinking characteristics in accordance with 

learning in the 21st century [20]. The Project Based Learning learning model is the right learning 

model to use [21] [22]. To guide students to be more active in developing their skills and abilities, 

relevant and appropriate teaching materials and courses are needed [23], stimulates critical thinking 

skills that can help students in problem solving [24]. In physics learning, Student Worksheets based on 

PjBL using a statistical approach are teaching materials that can be implemented. The application of 

PjBL-based Student Worksheets with a statistical approach in learning environmental physics can 

provide experience to students and make students think HOTS through statistical analysis contained in 

the Student Worksheets. 

2. Research methods 

Development research or Research and Development (R&D) is a type of research used and the 

Rowntree development model is used in this research. Going through the planning, development and 

evaluation stages are the components in this development model [25]. Meanwhile, an evaluation has 

been carried out using the Tessmer formative evaluation method of products that have been developed, 

namely (1) self-evaluation, (2) expert review, (3) one-on-one evaluation, (4) small group, and (5) field 

test [26]. Because this research only aims to see and obtain information regarding the level of 

practicality and level of validity, this research does not carry out field testing stages. 

During planning, an analysis of student needs is carried out and learning objectives are 

formulated based on basic competencies and competency achievement [27]. Next, the researcher 

developed a topic on the material to be selected and compiled a student worksheet based on non-

parametric statistics with data collection procedures, data homogeneity tests, non-parametric Mann-

Kendall trend tests and future temperature predictions. After preparing the draft student worksheet, 

prototype 1 was created. 

By utilizing Tessmer's formative evaluation, prototype 1 will be evaluated independently through 

the self-evaluation stage. Next, to validate the product in terms of language, design, product and 

content, several experts in their respective fields will carry out the expert review stage [28] [29].  

Furthermore, in order to find out the level of practicality of the product to be developed, a small group 

stage is carried out by students and a one to one evaluation. Then several students will be interviewed 

regarding the PjBL-based greenhouse effect worksheet with a non-parametric statistical approach. 

Data analysis of the validity of student worksheet products that have been designed using a Likert 

scale through walkthrough and questionnaire techniques. 

3. Results and Discussion 

3.1. Planning stage 

The needs analysis was the initial one carried out at this stage. The results obtained from the needs 

analysis showed that 71.4% of students felt the need to develop PjBL-based worksheets with a non-
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parametric statistical approach related to the greenhouse effect material. Next, analyze the 

Environmental Physics Semester Program Plan to determine learning objectives based on Basic 

Competencies and Competency Results. 

3.2. Development Stage 

The development stage begins with developing a topic on the selected material, then developing a 

draft and making a prototype 1. To determine the learning material and project objectives that are in 

accordance with the learning objectives at the planning stage are the results of the topic development 

carried out. After developing the topic, the next step is to create an arrangement of the components 

that will be presented in the student worksheet, this is what is called developing the student worksheet 

draft. Once everything is ready, the next step will be to develop prototype 1 PjBL-based greenhouse 

effect worksheet using a non-parametric statistical approach. The cover design on the worksheet can 

be seen in Figure 1, the initial view of the worksheet can be seen in Figure 2 and the project view on 

the worksheet can be seen in Figure 3. 

 

 
Figure 1. Cover of student worksheet 

 

 
Figure 2. Initial display of student worksheet 

    
Figure 3. Student worksheet project view 
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3.3. Evaluation stage 

The use of the Tessmer formative evaluation model was carried out at this evaluation stage. At this 

stage, the researcher independently tested prototype-1. Several things that need to be improved include 

the size of the worksheet, the cover design and the design of the worksheet content. Then several 

experts who are used to be able to evaluate the validity of the product from aspects of language, design 

and content are involved in this expert review stage. 

 

Table 1. Recapitulation of Research Results at Expert Review Stage 

Validated aspects Validity score Category 

Contents 4.3 Very valid 

Design 4.9 Very valid 

Language 5 Very valid 

 

Judging from the results above, it is known that the product produced is very valid for all aspects 

of validation. Next, a one-to-one evaluation stage was carried out, namely testing the product on three 

FKIP Physics students at Sriwijaya University class of 2019 who had taken the Environmental Physics 

course. 

Table 2. Recapitulation of Research Results from One-to-one Evaluation Stage 

The total score of each participant Percentage 

71 93% 

70 92% 

73 96% 

Average 93.7 % (Very Practical) 

Judging from the results obtained above, the resulting prototype 1 is very practical. From the 

results of considering comments and suggestions from the three students and experts after going 

through the revision stage, prototype-2 was obtained which then small groups would test as the final 

stage of this research to obtain the final student worksheet. Products on the Greenhouse Effect material 

by testing prototype-2 products on three different level groups with a total of nine student participants. 

 

Table 3. Recapitulation of Small Group Evaluation Stage Research Results 

The total score of each participant Percentage 

76 100% 

72 95% 

76 100% 

76 100% 

70 92% 

74 97% 

76 100% 

72 95% 

75 99% 
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Average 97.5 % (Very Practical) 

The results obtained like the data above actually produce a very practical category. What is meant 

by practical is that it is easy to use by anyone who uses the product [30]. Based on the results of 

positive student comments and the results of questionnaire analysis using this student worksheet. The 

resulting product is very practical based on the results of questionnaire analysis and positive comments 

from students who use this worksheet. So there are not too many things that need to be revised to 

produce prototype-3. 

After the evaluation is carried out, several students as representatives will be interviewed 

regarding the PjBL-based greenhouse effect worksheet with a non-parametric statistical approach that 

has been provided. From the interviews, it was found that students had difficulty using the Mann-

Kendall non-parametric statistical test without training because they had not studied statistics courses. 

So it needs to be included in the statistics course at the Faculty of Teacher Training and Physics 

Education regarding homogeneity tests and non-parametric trend tests. 

The student worksheet developed has the advantage of being the latest teaching material product 

for the environmental physics course at the Faculty of Teacher Training and Physics Education, 

Sriwijaya University, the latest interesting learning innovation that utilizes science and technology, and 

can be taken anywhere because of the product. can be used as a hard file or soft file. However, there is 

also a weakness in the student worksheet being developed, namely that when using the student 

worksheet the device must be in an environment with a good network, because it has to access several 

websites according to the project steps in the student worksheet. Because it has not been thoroughly 

tested in the field, the effectiveness of the product that has been produced cannot be confirmed. 

4. Conclusion 

Judging from the results of the research that has been carried out on the development of student 

worksheet on Greenhouse Effect Material Based on the PjBL Environmental Physics Course using a 

non-parametric statistical approach, it can be concluded that a very valid category has been 

successfully developed for the student worksheet on Greenhouse Effect Material. 4.3 in the content 

aspect, 4.9 in the media and design aspect, and 5 in the linguistic aspect are the average scores of the 

assessment results. So the Greenhouse Effect Material student worksheet product was categorized as 

very practical and was successfully developed. For the one to one evaluation stage, it was 93.7% and 

for the small group evaluation stage it was 97.5%, which is the average result of the student response 

questionnaire. 
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