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Abstract: STEM learning is a new innovation in 21st century education. The ability to solve 
problems is important for students to learn to be able to solve environmental problems. The 
purpose of this study is to measure the effect of STEM on the ability to solve problems on the 
topic of environmental change. The method used in this research is Quasi Experiment. The 
sample used in this study was students at high school (SMAN) 4 Cibinong, Bogor Regency. 
The results of this study indicate that the instrument is valid and reliable. The results of the 
hypothesis test show that t-count > t-table which can be interpreted that the score there is an 
effect of lesson study-based Science, Technology, Engineering, and Mathematics (STEM) 
learning on students' problem-solving abilities on Environmental Change topic. 
Environmental Education plays an important role in shaping students' problem-solving 
skills. STEM-based learning in this case must prioritize solving environmental problems that 
are integrated with environmental education. The conclusion from this study is that STEM 
learning has an impact on students' problem-solving abilities. 
 
Keywords: 21st education; Environmental education; STEM learning 

  
 
Introduction  
 

The skills that students must possess in the 21st 
century must be aligned with the 4 pillars of education 
according to UNESCO, namely learning to know, 
learning to do, learning to be, and learning to live. 
together (Priscilla & Yudhyarta, 2021). Learning in the 
21st century must be able to prepare a generation that is 
able to face advances in technology, information and 
communication in social life. All 21st century skills such 
as collaboration skills, critical thinking skills, creative 
and effective communication skills can be fostered 
through activities such as problem solving and projects, 
design innovation (Boholano, 2017; Ferrari et al., 2012; 
Koh et al., 2015; Motallebzadeh et al., 2018; Sadiqin et al., 
2017; Siong and Osman, 2018). One of the competencies 
that is important to develop in schools is problem 
solving skills. Based on the results of interviews with 
biology teachers at school, it was stated that problem 
solving abilities were rarely practiced in class because 
teachers were still experiencing problems in preparing 
questions that were able to bring up these problem 

solving abilities. Basically problem solving skills are 
important at all levels of education, especially at the 
senior high school level which requires students to start 
learning by thinking logically, critically and having 
great curiosity about the problems faced in their 
surroundings (Anagun, 2018; Camacho & Legare, 2015; 
Čipková et al., 2018; Muhibbin et al., 2019; Rao & 
DiCarlo, 2017; Yusuf et al., 2020). Efforts that can be 
made in improving students' skills can be circumvented 
by using other learning that is helping students in 
improving problem solving abilities. One of them is 
learning by using Science, Technology, Engineering, and 
Mathematics (STEM). 

Science, Technology, Engineering, and 
Mathematics (STEM) learning is closely related to the 
development of skills in the 21st century where learning 
using STEM does not only understand learning concepts 
but can relate them to everyday life. Science, 
Technology, Engineering, and Mathematics (STEM) 
approach that combines science, technology, 
engineering, and mathematics which aims to prepare 
students for the future. STEM can be implemented with 
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learning models that have been tested, namely Problem 
Based Learning (PBL), Project Based Learning (PjBL), 
and Inquiry Based Learning. One study explained that 
the application of STEM learning is beneficial for 
students because students will do learning by 
interpreting and understanding concepts and 
researching deeper into projects so that students will be 
active in the learning process. This makes STEM learning 
able to grow problem solving skills in students (Gryczka 
et al., 2016; Gu & Belland, 2015; Lou et al., 2017; Park & 
Park, 2020; Priantari et al., 2020; Tharayil et al., 2018). 
However, in the field problem solving skills are rarely 
trained in class because teachers experience problems in 
preparing questions that can trigger problem solving 
skills. Suwarma (2017) revealed that the application of 
STEM in science learning can improve cognitive in 
problem solving by increasing the score after the test. 
Based on the background above, the formulation of the 
problem in this research is whether there is an influence 
of Science, Technology, Engineering, and Mathematics 
(STEM) learning on students' problem solving abilities 
in the topic on Environmental Change. This study aims 
to determine the influence of STEM on students' 
problem solving abilities in the topic on Environmental 
Change.  
 
Method  

 
This research was conducted at Cibinong 4 Senior 

High School, located on Bojong Koneng street, 
RT.01/RW.01, Cibinong, Bogor Regency, West Java. The 
time for carrying out the research is in the even semester 
of the 2021/2022 school year from March to July 2022. 
The research uses a quantitative approach with the 
Quasi Experiment method. There are two variables in 
this research. The treatment variable is the Lesson 
Study-based Science, Technology, Engineering, and 
Mathematics (STEM) Approach. The dependent variable 
is students' problem solving abilities. The research 
design used was the Pretest-Posttest Control Group 
design. This quasi involved 2 groups, the treatment 
group used the PjBL Science, Technology, Engineering, 
and Mathematics (STEM) approach and the control 
group used the inquiry method. This design is used in 
accordance with the objectives to be achieved, namely 
wanting to know the increase in problem solving 
abilities applied to problem-based learning models. The 
following is a table of the Pretest-Posttest Control Group 
design research. The population in this study were all 
students of class X Science 3 and X Science 4 at Senior 
High School (SMA) 4 Cibinong, Bogor Regency. 
Sampling was carried out using the Random Sampling 
technique where samples were taken randomly without 
looking at the order of values or student attitudes. 
Instruments for indicators of problem solving ability are 
Visualize The Problem (Understanding the Problem), 

Describe The Problem (Describing the Problem) Plan A 
Solution (Planning the Solution), Execute The Plan 
(Using the Solution), Check And Evaluate (Evaluate the 
Solution). Instrument calibration Quantitative data that 
has been collected is in the form of creative thinking 
skills scores on Environmental Change topic obtained by 
providing test instruments in the form of essay 
questions. Data analysis techniques: Prerequisite test 
(normality and homogeneity), T test, learning 
implementation and N Gain.  
 
Result and Discussion 
 

Test data instruments in this study in the form of 
validity tests and reliability tests which aim to show how 
far the effectiveness of the measuring instruments 
(questions) used to measure what will be measured. 
Provisions for measuring validity, namely if rcount > 
rtable then the data instrument is considered valid, 
whereas if rcount <rtable then the data instrument is 
considered invalid. The results of the pretest instrument 
validation analysis are presented in Table 1. 
 
Table 1. Results of the Analysis of the Validity of the 
Pretest Question Instruments 
Item  r-count Sig Value Validity 
1 0.716 0.334 Valid 
2 0.480 0.334 Valid 
3a 0.598 0.334 Valid 
3b 0.519 0.334 Valid 
4 0.723 0.334 Valid 
 

Based on the data from the results of the pretest 
instrument validation analysis in Table 1, it is known 
that all posttest item items have a value of rcount > rtable 
which can be concluded that all item items are declared 
valid. The results of the instrument validation analysis 
of the posttest questions are presented in Table 2. 
 
Table 2. Results of the Instrument Validity Analysis on 
the Posttest Questions 
Item  r-count Sig Value Validity 
1 0.624 0.334 Valid 
2a 0.222 0.334 Valid 
2b 0.786 0.334 Valid 
3 0.745 0.334 Valid 
4 0.441 0.334 Valid 
 

Based on the data from the results of the posttest 
instrument validation analysis in Table 2, it is known 
that all posttest item items have a value of rcount > r 
table which can be concluded that all item items are 
declared valid. 

Reliability test analysis is used to measure the error 
of a measuring instrument calculation (question). In 
determining whether the item items are reliable or not, 
then the value of r-count with t-table (significance level 
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0.05) must be compared. Items are said to be reliable if 
the value of r-count > t-table. But if the value of rcount < 
t-table, the items are said to be unreliable (Mudanta, 
2020). The results of the reliability test analysis are 
presented in Table 3. 

 
Table 3. Results of the Reliability Analysis of Posttest 
Question Instruments 
Total Item Pre-test Post-test 
5 0.708 0.70 

 
Based on the results of the analysis of the reliability 

test of the pretest and posttest items using Cronbach's 
Alpha with the coefficient stipulation that if the 
reliability test results are rcount > ttable, then the 
instrument is declared reliable. 

The statements presented in this questionnaire 
were discussed with the Lesson Study group and then 
given via Google form to students in the experimental 
class. From the results of the student response 
questionnaire, it was found that each student gave a very 
strong response because based on the student response 
diagram, each statement had a percentage value ranging 
between 81% -100%, according to Riduwan in Lijana 
(2018) The student response category is said to be very 
strong if the vulnerable percent (%) ranges from 81% -
100%, strong ranges from 61% - 80%, moderate ranges 
from 41% - 60%, weak ranges from 21% - 40%, and very 
weak ranges from between 0% - 20%. 

Analysis of the requirements test was carried out 
before the data was tested on the group parametric 
statistical hypothesis, so the normality and homogeneity 
tests of the data variance from the control class group 
and the data variance from the experimental class group 
were first carried out. 

The normality test was carried out with the aim of 
knowing whether the distribution of the research data 
came from the normal population or not. The data 
normality test used the Kolmogorov Smirnov Z test. The 
data normality test was carried out in the control class 
and the experimental class based on the results of the 
pretest and posttest. The normality test results are 
presented in Table 4. 

 
Table 4. Data Normality Test for Control Class and 
Experiment Class 
Treatment Group x2count x2table Note  

Control Group 0.128 0.227 Normal 
distribution 

Experiment 
Group 

0.223 0.230 Normal 
distribution 

 
Based on Table 4 presented, the results of the 

calculation of the normality test of the N-Gain data on 
the results of the problem-solving ability test of the 

control class x2 count is 0.128 with a total sample of 36 
students with a value of x2 table 0.227. While the 
normality test of the N-Gain data on the problem-
solving ability test results of the experimental class x2 
counts at 0.223 with a total sample of 35 students and the 
x2 table value is 0.230, with a significant level of α = 0.05. 
Because the value of x2 count <x2 table, the data from 
the test results of the problem solving abilities of each 
class are normally distributed. 

The homogeneity test was carried out with the aim 
of analyzing problem solving abilities and knowing 
whether the data from the two sample populations can 
be said to be homogeneous or not. This test uses the 
Fisher test. The results of the homogeneity test for 
creative thinking skills can be seen in Table 5. 
 
Table 5. Homogeneity Test Results 
Group n Varians 

(s) 
Fcount Ftalel Category 

Control  36 298.41 0.529 0.567 Homogen  
Experiment  35 563.83 
 

Based on the results of the calculation of the 
homogeneity test at a significance level of α = 0.05, the 
results of Fcount were 0.529 and Ftable 0.556. It can be 
concluded that Fcount < Ftable, the variance comes from 
a homogeneous population. 

After obtaining the data analysis which states that 
the data is normally distributed and the variance is 
homogeneous, the next step is to test the hypothesis 
using the t test with the aim of knowing whether the 
proposed hypothesis can be accepted or rejected. The 
results of hypothesis testing are presented in Table 6. 

Based on the calculation of hypothesis testing on 
problem solving abilities using the t test with a 
significance level of α = 0.05, the results obtained are t-
count of 2.587 and t-table of 1.999, so that the test criteria 
show t-count > t-table, thus the null hypothesis (H0) is 
rejected and the alternative hypothesis (Ha) be accepted. 
So it can be concluded that there is an effect of lesson 
study-based Science, Technology, Engineering, and 
Mathematics (STEM) learning on students' problem-
solving abilities on Environmental Change topic. 
 
Table 6. Calculation of Hypothesis Test Results 
Group Average Score tcount t-table 

Pretest  Posttest N-
Gain(%) 

Control 62 75 36 2.587 1.999 
Experiment 55 78 49 

 
Solving problems is used as a form of thinking. The 

ability to solve problems in environmental education is 
not only related to the accuracy of the solutions 
obtained, but the ability shown since recognizing the 
problem, finding alternative solutions, choosing one of 
the alternatives as a solution, and evaluating the 
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answers that have been obtained. Research related to 
environmental change topic was carried out using 2 
models, the Problem Based Learning (PBL) learning 
model in the control class and the Lesson Study-based 
PjBL-STEM learning model in the experimental class. 
The problem solving instrument used is included in the 
valid category with high reliability. This shows that the 
instrument used is feasible to measure the expected 
problem-solving abilities of students. The results of 
calculations related to problem solving skills in the 
experimental class and control class after statistical 
calculations show a significant difference between the 
abilities in the control class and in the experimental class. 
The experimental class has a higher N-Gain (%) 
calculation of 49% compared to the control class's N-
Gain (%) value of 36%, this can be interpreted that 
learning using the STEM learning model has an effect on 
improving students' problem solving abilities. 

The experimental class uses the Project Based 
Learning (PjBL) learning model with a Science, 
Technology, Engineering, and Mathematics (STEM) 
approach and Lesson Study-based students who not 
only learn actively, but can mention each subject matter, 
can describe these problems, and produce , establish and 
correct ideas for solutions to each problem presented. 
The learning that is carried out is directed so that 
students can bring up the problem-solving abilities that 
they already have. STEM learning can assist students in 
solving the problems that have been given and solving 
them with critical thinking, like research Mubarika et al. 
(2019), that STEM-based learning can provide a positive 
response to the learning process, especially in increasing 
the development of critical thinking patterns and 
increasing problem-solving skills related to the 
environment and the use of technology. 

An increase in problem solving abilities is 
evidenced by the success of students in representing the 
given Students Worksheet into recycled goods produced 
from a variety of organic and inorganic waste. Where 
this activity is closely related to the goals of Science, 
Technology, Engineering, and Mathematics (STEM), the 
STEM approach has the goal of helping students to 
overcome various problems that will come and provide 
the best solutions in the future, supported by research 
Winarni (2016) where STEM has the benefit of helping 
students solve problems, have logical thinking and be 
able to relate every aspect of STEM to life in the world of 
work. 

In the experimental class, worksheets were 
presented with problems regarding environmental 
changes that occurred and through these problems 
students were asked to design a project so they could 
solve problems in the worksheet. In practice, when 
identifying the problem students will discuss with their 
group to plan ideas or ideas so that the project can be 
carried out. Furthermore, students are asked to make a 

project design that will be created and visualized in the 
form of an image. Then students will begin to realize the 
project design and design and present the results of their 
projects so that they can be evaluated from the results of 
the projects that have been designed. The steps for 
working on students worksheet and making this project 
able to help students improve their problem-solving 
skills in the process of making projects and are able to 
determine the most effective ideas in solving problems. 
This is supported by the results of the student response 
questionnaire which stated that 90.3% of students felt 
learning by using Project Based Learning (PjBL) with the 
Science, Technology, Engineering, and Mathematics 
(STEM) approach, was able to help students more easily 
understand the subject of change environment and make 
students more active in group discussions in solving the 
problems given. Backed by research Sumarni (2019) 
where every aspect of STEM allows students to acquire 
cognitive knowledge and skills. When integrated, each 
aspect of STEM provides students with training to help 
them solve their problems in a more comprehensive 
manner and helps increase their knowledge of the 
subject being studied to increase student understanding. 

The difficulties faced by students in this 
experimental class when implementing the PjBL model 
using the Lesson Study-based STEM approach are 
where students find it difficult to work together to solve 
the problems given and there are still some students 
who have not concentrated in the learning process due 
to various factors, one of which is student habits. in 
studying online. This learning transition can have 
negative impacts such as decreasing student learning 
motivation and reducing student activity in the learning 
process, as explained in Umam (2021) transitional 
learning with minimal preparation can have a negative 
effect both for education and for the perpetrators. 

Whereas in the control class the learning was given 
using conventional learning models or learning that is 
often applied in class, namely Problem Based Learning 
(PBL) with a scientific approach which has a lower 
influence result than the experimental class. In the 
control class, students are given lessons on the topic of 
environmental change in environmental education with 
the PBL model where the students worksheet provided 
contains several topics of environmental problems such 
as problems of soil contamination, polluted rivers, air 
pollution, and the impact of moving the capital. Students 
are presented with articles and students are asked to 
analyze problems based on the questions that have been 
given. The work on this students worksheet was carried 
out in groups with the group being freed. In the process 
it is not done directly in class but is done at home so that 
the work process cannot be seen directly. After 
completing the students worksheet work, students are 
welcome to present the results of their discussions in 
front of the class. Based on the results of the 
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presentation, the ideas submitted still only rely on 
friends' ideas and are still based on the internet so that 
the ideas for solving problems do not vary. In this case 
the PBL learning model has several deficiencies in 
learning such as the lack of student enthusiasm in 
solving problems, the use of each student's ideas has not 
been implemented, and requires a little longer time as 
stated. Tyas (2017) that each learning model has 
advantages and disadvantages, deficiencies that arise 
during learning such as students' reluctance to solve 
problems, the Problem Based Learning (PBL) model 
requires a long time. 

In carrying out Lesson Study, it starts at the 
planning stage (Plan). Teacher's ideas in carrying out the 
learning process, as described Sairo (2021) that the 
planning or Plan stage has a goal in designing all forms 
of student-centered learning activities so that students 
can be active in learning. The second stage in the Lesson 
Study process, namely implementation (Do), 
Implementation or Do is carried out by realizing the 
learning tools that have been arranged into the class. The 
implementation of learning is carried out with model 
teachers and observers to help observe and document 
the process of group learning activities in environmental 
education. The observer in the implementation stage 
acts as an observer who observes and records the aspects 
observed in the observation sheet such as student 
behavior, activeness in discussions, and the delivery of 
ideas or design ideas in the group. The reflection or see 
stage of the Lesson Study group consisting of lecturers, 
teachers, model teachers, and observers carry out 
discussions related to the learning activities that have 
been carried out. In discussing the results of the 
implementation of learning activities, it was found that 
the aspects of student assessment appeared the most, 
namely generating new solution ideas, which were seen 
in the calculation of the observation sheet getting 57% of 
the 35 students. This can happen because students have 
been able to express their opinions in solving the 
problems given in order to solve them. At the see stage 
it was also carried out for students in the form of a 
questionnaire which gave several statements related to 
STEM learning that had been given in class.  

This student response questionnaire was given in 
order to find out student responses to the 
implementation of learning during class. Student 
response questionnaires are used to determine the 
achievement of student learning processes and student 
behavior in learning (Mania, 2008). In the reflection 
stage, the lesson study group unit cooperates in 
evaluating and improving the learning that has been 
done, in line with research Fauziah (2018) in the 
implementation of Lesson Study, the reflection stage is 
carried out to discuss the lessons that have been studied 
and improve the learning process so that the next lesson 
can be designed to be better. 

Lesson study groups are said to be used as a way 
for teachers to improve teaching quality by collaborating 
with different subject teachers and developing different 
learning methods in each learning process. Lesson study 
can also help students better understand the learning 
provided by the teacher. Lesson Study conducted by the 
Lesson Study group gives a good impression to students 
in environmental education because through this 
activity the teacher himself can do self-reflection to 
improve learning or teaching in class and also get 
feedback from observers present in class (Akiba & 
Wilkinson, 2016; Bruce et al., 2016; Sairo, 2021; 
Takahashi & McDougal, 2016; Tsukui & Saito, 2018). 

The application of PjBL learning with the Lesson 
Study-based STEM approach can develop teacher 
teaching skills and plan lessons for students and be able 
to make careful observations of student behavior in the 
learning process as conveyed by Caterine Lewis in 
(Hadi, 2016). PjBL learning with the STEM approach is 
proven to be able to improve problem solving skills, 
because the STEM approach collaborates 4 learning 
combinations namely Science, Technology, engineering, 
and mathematics which can help students solve real-life 
problems (Lou et al., 2017; Lukitawanti, 2020; Thys et al., 
2016; Tsai et al., 2015) 
 
Conclusion  

 
Based on the results of the research and discussion 

that has been submitted, it can be concluded that there is 
a difference between the results of the problem-solving 
ability test for students who use the Project Based 
Learning (PjBL) model with the Lesson Study-based 
Science, Technology, Engineering, and Mathematics 
(STEM) approach to changing topic. environment. It is 
proven that in the experimental class the N-Gain result 
was 0.49 with moderate criteria, so the STEM learning 
model applied to the experimental class is more effective 
than conventional learning models in improving 
problem solving abilities.  
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