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Abstract 

Good learning outcomes and critical thinking skills are important aspects that students must have. Several 
studies have shown that students have poor learning outcomes and critical thinking skills. Therefore it is 
necessary to improve the learning system using learning modules based on Science, Environment, 
Technology, and Society (SETS). This study aims to determine the effect of implementing the SETS-based 
Problem Based Learning (PBL) learning model on improving student learning outcomes and critical thinking 
skills in the Human Excretion System material. This research was conducted using an experimental method 
with a pretest-posttest control group design. The research subjects consisted of 128 students who were 
grouped into experimental and control groups where each group consisted of 64 students. The experimental 
group got SETS based Problem Based Learning (PBL) model, while the control group used a conventional 
learning model using textbooks. The parameters measured are learning outcomes and critical thinking skills. 
Data collection was carried out through the pretest and posttest. Improved learning outcomes and critical 
thinking skills were analyzed using the normalized gain (n-gain) calculation. Two difference test means with 
an independent test sample t-test were used to test the difference in the improvement of learning outcomes 
and critical thinking skills between the two groups. The results showed a significant difference in the 
improvement of learning outcomes and critical thinking skills between the two groups. The application of the 
SETS-based Problem Based Learning (PBL) learning model has a significant effect on improving student 
learning outcomes and critical thinking skills on the excretion system material. 
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1. INTRODUCTION 

The learning process is closely related to learning outcomes. Low learning outcomes are related to students' 
ability to accept and understand the subject matter (Babadoǧan et al., 2010; Cavus & Sharif, 2014). In 
addition, the implementation of the learning process should not only refer to the delivery of information to 
students but also refer to thinking skills. One of the most important skills in the learning process is critical 
thinking (Palennari et al., 2018). Early studies show that the Biology learning process in high school has not 
maximized critical thinking skills and learning outcomes. This is indicated by the presence of 56.25% of 
students who did not meet the minimum completeness criteria (KKM = 75). The ability of students to 
understand a concept is strongly influenced by the learning process and the ability of teachers to choose and 
implement learning strategies. One of the efforts that can be made to improve the quality of the learning 
process is through the use of modules. The use of modules can help students to understand conceptual 
learning that leads to the optimization of learning outcomes and critical thinking skills (Fauzia et al., 2017; 
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Mubarok et al., 2015; Ugras & Cil, 2012; Zukmadini & Jumiarni, 2018). Modules are teaching materials that 
are designed as a whole, systematically, interestingly, and contain learning materials that are planned and 
designed to help students master specific learning goals (Alias & Siraj, 2012; Chantaranima & Yuenyong, 
2014; Dumitrescu et al., 2014; Lee & Osman, 2012). Science Environment, Technology, and Society (SETS) 
is a module development approach. Previous research has shown the positive effect of using SETS-based 
modules on learning outcomes (Arlitasari et al., 2013; Azmi, 2018; Muzari et al., 2016; Oktaviani et al., 2017; 
Tamimiya et al., 2017; Vaino et al., 2015; Wasoso & Hartono, 2013; Wulandari et al., 2015). These studies 
were developed in chemistry learning and did not study critical thinking skills. Research on the use of SETS-
based modules in biology learning on human excretory system material has never been done before. This 
research was conducted to determine the effect of implementing the SETS-based Problem Based Learning 
(PBL) learning model on improving learning outcomes and critical thinking skills of students in the Human 
Excretion System material. 

2. RESEARCH METHODOLOGY 

This research used experimental methods with group control of pretest and posttest design(Gall et al., 
2003). The details of the research design can be seen in Table1. 

Table1. Pretest-posttest Control Group Design 

Sample Classes Pretest Treatments Posttest 

Random Experiment O1 P1 O2 

Random Control O3 - O4 

Information: 

O1: Pretest before treatment is given to class of experiment 

O2: Posttest before treatment is given to class of experiment 

O3: Pretest before treatment is given to class of control  

O4: Posttest before treatment is given to class of control  

P1: Treatment to class of experiment with PBL &module based SETS 

The research subjects were 128 students who were grouped into experimental and control groups where 
each group consisted of 64 students who were randomly selected. The experimental group got learning with 
the Problem Based Learning (PBL) model using SETS-based modules, while the control group used the 
conventional learning model using textbooks. The parameters measured are learning outcomes and critical 
thinking skills. The data on the learning outcomes of critical thinking skills were obtained through the pretest 
and post-test. The test instrument used was 50 multiple-choice objective tests. The research was 
conducted in January-February 2020 at one of the Senior High Schools in Banda Aceh City, Indonesia. 

3. DATA AND ANALYSIS 

Calculation of normalized gain (n-gain) using the Meltzer formula (2002) is used to determine the increase 
in learning outcomes and critical thinking skills. Two difference test means with independent test sample t-
test were used to test the difference in the improvement of learning outcomes and critical thinking skills 
between the experimental group and the control group. 

4. FINDINGS AND DISCUSSION 

4.1. Learning outcome 

The results of measurement and analysis of learning outcomes showed that students' initial knowledge was 
low in understanding the concept of the excretion system in humans, with the pre-test mean scores of the 
control group were 43.47 and 44.81 in the experimental group. The pre-test result is lower than the Minimum 
Completeness Criteria (KKM). The results of the pretest mean difference test between the experimental 
class and the control class (Table-2) showed no significant difference. The mean of the pretest, posttest, and 
N-Gain of the experimental and control group students as a whole is presented in Figure-1. 
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Figure-1. Mean of pretest, post-test, and n-gain. 

 

The results of the pretest and n-gain mean difference test showed a significant difference (Table 2). It means 
that the application of the Problem Based Learning (PBL) learning model using SETS-based modules is 
effective in improving students' understanding abilities 

Table 2. Pretest and n-gain mean difference test 

Learning 
outcome 

Groups Normality* Homogeneity** t-test Significance 

Pre-test 

Experiment 
X

2
hit (5,19) < X

2
table 

(9,48) (Normal) Fcount (1,36) < 
Ftable (1,52) 

Homogenous 

Tcount (0,76)  < 
ttable (1,97)  

Not 
significantly 

different 
Control 

X
2
hit (3,15) < X

2
table 

(9,48) (Normal) 

n-Gain 

Experiment 
X

2
hit (2,90) < X

2
table 

(9,48) (Normal) Fcount (1,09) < 
Ftable (1,52) 

Homogeneous 

Tcount (3,01)  > 
ttable (1,97) 

Significantly 
different 

Control  
X

2
hit (1,56) < X

2
table 

(9,48) (Normal) 

Description: 

* Chi square test (Normal : X
2
count< X

2
table ; α = 0,05) 

** F test (Homogeneous : Fcount< Ftable ; α = 0,05) 

The initial learning outcomes of students in the experimental and control groups were not significantly 
different (Table-2). This shows that students in both groups have the same abilities. On the other hand, the 
increase in learning outcomes (n-gain) showed significantly different results (Table-2). Students in the 
experimental group had higher n-gain than those in the control group (Figure-1). The difference in n-gain 
between the two groups was caused by the implementation of SETS-based PBL learning. The use of SETS-
based modules with the PBL model is proven to create more meaningful and relevant learning so that 
students can actively participate, are able to analyze and discuss, and solve every problem. Learning also 
focuses more on applying concepts, theories, and techniques in a contextual manner rather than 
memorizing. Research conducted by Shofiyah et al., (2013) also revealed that good learning is contextual 
learning, and learning with the SETS vision will be able to improve student learning outcomes. The learning 
process of the PBL model in this study pays attention to initial knowledge, examines various phenomena that 
exist in the surrounding environment (contextual), is student-centered, creates interactive, fun, interesting 
learning through the use of pictorial modules, the latest information related to material, and links system 
material excretion with SETS. The use of SETS-based modules with the PBL model also creates an 
independent learning process for students, this is because the module is equipped with various student 
worksheets that contain activities related to the human excretion system. One example is students doing lab 
work to test glucose and protein content in urine. These activities allow students to construct the concepts 
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they have learned. 

4.2 Analysis of Critical Thinking Skills 

The results of measurement and analysis of critical thinking skills and students' initial knowledge in 
understanding the concept of the excretory system in humans are shown in Figure-2. 

 

 

 

 

 

 

 

 

 

 

Figure-2. The mean of pretest, post-test and n-gain scores 

The initial ability of critical thinking skills in the experimental and control groups did not have a significant 
difference (Table-3). This shows that the students have the same initial critical thinking skills before being 
treated to the application of the Problem Based Learning (PBL) learning model using SETS-based modules. 
Meanwhile, the improvement in critical thinking skills (n-gain) showed a significantly different result (Table-3). 
This difference is caused by the application of the Problem Based Learning (PBL) learning model using 
SETS-based modules in the experimental group. The difference between the n-gain of critical thinking skills 
in the experimental class and the control class is 15.03. 

Learning with PBL using SETS-based modules makes it easier for students to understand the material being 
taught, improves students 'thinking skills about aspects of science, and increases students' activeness in the 
learning process (Abualrob & Shah, 2012; Pedretti & Bellomo, 2013; Widiyanti et al., 2015). Several previous 
studies (Amrullah et al., 2017; Sari et al., 2016; Susilogati et al., 2014; Sutikno & Setyasto, 2019) also 
revealed that learning with modules will help students learn actively, independently, giving students 
opportunities to conduct experiments, discussions, and deepen understanding of concepts that can improve 
student achievement and critical thinking skills. 

Table 3. Different tests of the mean of critical thinking skills pretest and n-gain scores 

Learning 
outcome 

Groups normality* Homogeneity** t-test Significance 

Pre-test 

Experiment 
X

2
count (6,57) < 

X
2
table (9,48) 

(Normal) Fcount (1,24) < 
Ftable (1,52) 

Homogenous 

Tcount (1,46)  < 
ttable (1,97)  

Not 
significantly 

different 

Control  
X

2
count (4,05) < 

X
2
table (9,48) 

(Normal) 

N-Gain 

Experiment 
X

2
count (5,93) < 

X
2
table (9,48) 

(Normal) Fcount (1,31) < 
Ftable (1,52) 

Homogenous 

Tcount (6,75)  > 
ttable (1,97) 

Significantly 
different 

Control  
X

2
count (7,20) < 

X
2
table (9,48) 

(Normal) 
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Description: 
* Chi square test (Normal : X

2
count< X

2
table ; α = 0,05)  

** F test (Homogenous : Fcount< Ftable ; α = 0,05) 

The research data shows that the implementation of the SETS-based module with the PBL model is able to 
develop students' critical thinking skills. This is because the SETS-based module allows students to identify 
problems in the student worksheets in the module. Students' critical thinking skills are also trained through 
practicum regarding the human excretion system. Students are trained to formulate problems and 
hypotheses, then prove the hypothesis through practicum and report preparation. The activity of formulating 
problems and hypotheses from the material of the human excretion system is an activity of critical thinking 
skills. This activity requires high-level thinking processes, analytical skills, and evaluating each problem. The 
results of this study indicate that learning with the PBL model using SETS-based modules contributes greatly 
to the efforts to improve learning outcomes and critical thinking skills of students in the human excretion 
system material. 

4.3 Conclusion 

The results showed an increase in learning outcomes in the experimental class with an average score of 
80.92 while the control class was 74.05. The same thing is shown in the improvement of critical thinking 
skills in the experimental class with an average score of 85.66 and the control class 70.63. The t-test results 
showed a significant difference between the pretest score and the n-gain score at the 95% significant level 
(α = 0.05). The conclusion is that the application of the Problem Based Learning (PBL) learning model using 
SETS-based modules has a significant effect on improving learning outcomes and critical thinking skills of 
students on the excretion system material. 
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