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ABSTRACT 

Problem solving is one of the abilities that must be mastered 

in the 21st century, lack of mastery of students’ concepts in 

work and energy material has an impact on students' 

problem solving abilities. This research aims to measure 

students' problem solving skill on work and energy material. 

The research was used quasi-experiment with the design of 

a nonequivalent control group design. The subject of the 

research consist of 70 students at the 10th grade of one of 

high school in Kabupaten Tangerang with technique was 

used purposive sampling. The research used 10 essay 

questions as test instrument problem solving skill with 5 

indicators of problem solving skill, namely visualize the 

problem, describe the problem in physics description, plan 

the solution, execute the plan and check and evaluate. The 

research result shows that is a effect of STEM learning on 

student’s problem solving skill proven by student’s problem 

solving skill of the experimental group increased higher (N-

Gain 0.71 high category) compares to the control group (N-

Gain 0,38 middle category). 
 

 

 

INTRODUCTION 
 

The 21st century exerts influence on various aspects of life, demands various skills that must be mastered 

by people in order to adjust to the times, including the development of science and technology. 

Partnership for 21st Century Skill was emphasized 21st century learning on some of the skills that must 

be possessed including critical thinking, problem solving, communication, collaboration, and creativity 

[1]. One of the skills that must be mastered in the 21st century is problem solving skill [2]. Teamwork, 

understanding of the main problems. and problem solving strategies are needed in problem solving skills 

[3]. But in fact, the ability to solve problems in learning physics is still low [4]. Students more often use 

mathematical equations in solving physics problems without analytical work, guess the formula used 

and memorize the questions that have been done to solve other problems [5]. According to research 

conducted by Ince, another obstacle is that students are not able to solve different problems even with 

the same concept [6]. Physics learning tends to emphasize concepts, but does not apply concepts that 

are understood in solving physical problems [7].  
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One of the concepts of physics that is closely related to daily life is work and energy. This concept 

teaches students to be able to think of finding problems and solve them with appropriate theories and 

concepts [8]. But in fact, students' mastery of work and energy concepts is relatively low [9]. In 

accordance with the results of a preliminary study in a sample school that students' understanding of 

work and energy material is still low, less than 50% of students can complete it. In line with that, research 

conducted by Rahmatina, that students' understanding of concepts in business materials and energy is 

still relatively low and students are still having difficulty working on business and energy questions 

[10]. Less than 50% of students can complete the material, most students still do not understand the 

basic concepts of work and energy material [11]. In fact, problem solving can be done if the concept of 

the lesson has been understood, applying the concept and using the relationship between the concepts 

with each other to different problems [12]. The low understanding of concepts, impact on the low ability 

of students' problem solving, therefore learning is needed that can construct knowledge and make 

learning more meaningful [13]. 

 

STEM learning can be used to lift everyday issues into learning that leads to more meaningful learning. 

According to Permanasari, STEM is a science learning alternative that can build a generation capable 

of facing the 21st century [14]. STEM learning is learning that is directly applied in the real world in 

the form of contextual problem solving based on problem solving [13]. STEM learning requires students 

to understand the core concepts of a material to be applied through the discovery of solutions and 

problem solving [15]. The STEM learning process is carried out with active learning methods that 

encompass communication, collaboration, problem solving, leadership, creativity, and others [16]. In 

the research conducted by Soros et al, stated that STEM learning methods can improve critical thinking 

skills and solve problems [17]. This research applies STEM in learning process to hone students' ability 

to solve problems in the concept of work and energy. 

 

This research is intended to find out 1) the effect of STEM learning on problem solving skill, 2) 

improvement of problem solving skills from applying STEM learning and conventional learning, 3) 

student activities when applied STEM learning.  

 

 

METHOD 
 

The research was used a quasi experiment with the design of nonequivalent control group design. The 

subject of the research consist of 70 students in the 10th grade of one of high school in Kabupaten 

Tangerang with the technique was used purposive sampling. It was decided that X MIPA 2 as the 

experimental group using STEM learning and X MIPA 3 as the control group apllied conventional 

learning. Methods of data collection were tests and observation. The test method aims to obtain data on 

problem solving skill and the method of observation in this study aims to obtain data on student’s 

attitudes during STEM learning. The indicator used is an indicator developed by Heller 1) to visualize 

the problem 2) describe the problem in physics description 3)plan the solution 4) execute the plan 5) 

check and evaluate [18].  

 

This research has three phases procedure that includes: 1) The preparation phase consists of covering 

literatur, problem formulation research, sampling preparation of lesson plans, worksheets manufacture, 

test instrument and nontest. 2) The implementation phase begins by providing a pretest to find out the 

student's initial abilities and to determine the experimental group and the control group, treat the 

experimental group and the control group. When learning takes place, the observer makes observations 

related to the assessment of student activities. After the learning process is finished, each group is given 

a posttest to measure students' problem solving skill. 3) The analysis and reporting phase is carried out 

data processing and analysis, hypothesis testing up to drawing conclusions. 

 

To analyze the increase in student problem solving ability, N-gain is used as a data analysis technique. 

The N-gain calculation uses the following formula [19]: 
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 𝑁 − 𝑔𝑎𝑖𝑛 =
 𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒 − 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒− 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒
 (1) 

 

The criterion for increasing the problem-solving ability based on N-gain is the high category if N- gain 

> 0,7, medium category if N-gain between 0,3 - 0,7 and low category if N-gain < 0,3 [20]. Hypothesis 

testing was conducted to find differences in problem-solving abilities between the experimental group 

and the control group. Before testing the hypothesis, the normality and homogeneity tests were carried 

out. The non-test instrument data in this study are in the form of observations that aim to measure student 

activity during STEM learning. Data processing can be calculated using the following formula: 

 

 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
𝐹

𝑁
× 100% (2) 

 

Interpretation of student activity observation criteria if 81% - 100% is very good, 61% - 80% is good, 

41% - 60% is medium, 21% - 40% is less and 0% - 20% is very less. 

 

 

RESULTS AND DISCUSSIONS 

 
The results obtained in the form of pretest and posttest data, N-Gain from the experimental group and 

the control group, as well as the results of observations of student activities while learning. Posttest 

pretest result data are described in the form of scores. Before being treated, the sample was given a 

pretest with the aim of knowing the initial abilitie. After being treated, the sample is given a posttest to 

measure the final outcome of the problem solving abilities. The results of the pretest of the control group 

and the experimental group are described in the following Table 1. 

 

Table 1. Measures of the Pretest Data Distribution of the Control and Experimental Group 

Data Distribution Control Group Experiment Group 

Average 17.29 13.20 

The minimum score 31 29 

The maximum score 4 2 

Median 16 12 

Modus 14 12 

Standar deviation 5.85 6.25 

 

Based on Table 1, the average pretest score in the control group was 17.29 while in the experimental 

group was 13.20. This shows that the average score of the control group pretest is higher than the 

experimental group, it also forms the basis of the group with a low pretest score used as an experimental 

group when learning STEM learning will be applied (Science, Technology, Engineering and 

Mathematics). After being given treatment, both groups were given a posttest while the results are 

described in the following Table 2. 

 

Table 2. Measuring the Posttest Data Distribution of the Control and Experimental Group 

Data Distribution Control Group Experiment Group 

Mean  49.49 74.51 

The maximum score 84 88 

The minimum score 12 51 

Median 54 78 

Modus 54 78 

Standard deviation 19.35 8.36 

 

Based on Table 2 the results of the posttest that showed the students' final problem solving skills in the 

control group were 49,49 and in the experimental group were 74.51. It appears that the final problem 

solving ability of students in the experimental group is higher than in the control group. 

 



The Effect of Science, Technology, Engineering, and Mathematics (STEM) Learning... 

Fathiah Alatas, Nur Afriyati Yakin 

 

DOI: 10.26737/jipf.v6i1.1829   4 

The normality test is done by processing the pretest and posttest score data from the control group and 

the experimental group. The normality test in this study used the Shapiro-Wilk test with the help of IBM 

SPSS Statistics software. The results of the pretest and posttest normality tests of the two samples can 

be seen in the following Table 3. 

 

Table 3. Result of Normality Test 

Shapiro-Wilk Test Sig. 

Control group 
Pretest 0.228 

Posttest 0.274 

Experimental group 
Pretest 0.188 

Posttest 0.001 

 

Table 3 shows that the value of sig. the pretest data of the two groups was more than 0.05 namely 0.188 

for the control group, and 0.228 for the experimental group, so that the results of the pretest results of 

the control group and the experimental group were both normally distributed. Posttest data from the 

control group has a sig value. more than 0.05 which is 0.274 and the experimental group the value of 

sig. less than 0.05 which is 0.001. So the decision of the posttest results of the control group is normally 

distributed while the experimental group is not normally distributed. 

 

The homogeneity test was performed on the pretest and posttest data of the control group and the 

experimental group. The homogeneity test in this study used the Levene test with the help of SPSS 

software. Homogeneity test results of the pretest and posttest data in the control group and the 

experimental group are presented in the following Table 4. 

 

Table 4. Result of Homogeneity Test 

 Pretest Posttest 

Sig. 0.879 0.000 

Levene’s Test Sig. ≥ 0,05 = H0 accepted 

Result  homogeneous not homogeneous 

 

Table 4 shows that the value of sig. pretest data more than 0.05 is 0.897 while posttest data less than 

0.05 is 0.000. So that the decision of pretest data can be taken to have the same or homogeneous variants 

while the posttest data has a variance that is not the same or not homogeneous. 

 

Based on the prerequisite test the statistical analysis shows that the control group pretest data and the 

experimental group are normally distributed, the second variant of the pretest group is homogeneous. 

Posttest data of the control group are normally distributed while the experimental group is not normally 

distributed with the second variant of the group that is not homogeneous. Hypothesis testing used in this 

research was parametric and non-parametric statistical tests, using SPSS software through t-test for 

pretest data and U-test for posttest data. The results of the pretest and posttest hypothesis tests can be 

seen in the following Table 5. 

 

Table 5. Hypothesis Test Result 

 
Pretest 

(t-test) 

Posttest 

(Mann-Whitney U test) 

Sig. (2-tailed) 0.094 0.000 

∝ Sig. ≥ 0.05 = H0 accepted 

Result  H0 accepted H1 accepted 

 

Based on Table 5 the results of the posttest hypothesis test show that the alternative hypothesis (H1) is 

accepted. Alternative hypothesis criteria that the average problem solving ability of the experimental 

group is higher than the control group, it indicates that STEM learning influences students' problem 

solving skill in work and energy material. In line with research conducted by Soros et al, the research 
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stated that STEM learning methods can improve critical thinking skills and solve problems in physics 

lessons [17]. 

 

The results of the research in the experimental group after being given treatment in the form of intergated 

STEM learning and conventional learning in the control group showed that the problem solving abilities 

of students in the experimental group were superior to those of the control group. This is indicated by 

the increase in the problem-solving abilities of the two groups. Improved students' problem solving skills 

in the control group and the experimental group can be calculated with the N-Gain formula. The average 

N-Gain results in each group can be seen in the following Table 6. 

 

Table 6. N-Gain Result  

Group N-gain Category 

Control 0.38 Medium 

Experiment 0.71  High 

 

Table 6 shows the average N-Gain score for the control class of 0.38 can be interpreted to increase the 

problem solving skill of students in the control group in the medium category, and the experimental 

group the average N-Gain score obtained by 0.71 with words another increase in students' problem 

solving skills in the experimental group was in the high category. It can be seen that there is a difference 

in the average score of N-Gain for the control group and the experimental group, an increase in students' 

problem solving abilities in the experimental group treated with learning STEM is higher than the 

increase in problem solving abilities in the control group who were not treated with STEM learning. 

 

Improvement of each aspect of problem solving ability is obtained from the average N-gain in each 

group. The N-gain results for each aspect of students' problem solving abilities can be seen in the 

following Table 7. 

 

Table 7. Results Average N-Gain Aspect of Problem Solving 

Aspect Control group Experimental group 

N-Gain Category  N-Gain Category 

Visualize the problem  0.39 Medium  0.83 High  

Describe the problem 0.54 Medium  0.80 High  

Plan the solution 0.37 Medium  0.64 Medium  

Execute the plan 0.31 Medium  0.58 Medium  

Check and evaluate 0.29 Low  0.72 High  

 

 

Based on Table 7, the problem solving skill of the two groups increased in every aspect. Improved 

aspects of understanding the problem of the control group by 0.39 (medium category) and the 

experimental group by 0.83 (high category). The superiority of the experimental group in this aspect is 

due to the STEM learning there is a scientific inquiry phase that allows students to construct their own 

knowledge and in technology literacy students are directed to understand the problems contained in the 

discourse. The aspect of describing the problem into the physics concept of the experimental group was 

also superior with an increase of 0.80 (high category) compared to the control group which increased 

by 0.54 (medium category). That is because in the aspects of science inquiry and technology literacy in 

STEM learning students are trained to focus on problems, the teacher only acts as a facilitator who 

guides students to visualize problems based on known problems [20].  

 

The aspect of planning a solution with the achievement of improvement in the experimental group is 

0.64 (medium category) while the control group is 0.37 (medium category), the problem-solving ability 

of this aspect is improved due to the engineering design students are trained by designing simple 

experiments that are relevant and relevant to solve problems according to the concepts they find. In the 

aspect of engineering design communication and collaboration are also built in planning solutions, 
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supported by research conducted by Stehle & Peters-Burton that communication and collaboration are 

needed in constructing knowledge and problem solving [21]. Supported by other studies that aspects of 

engineering design in STEM learning can develop skills with a focus on constructing knowledge to 

solve problems [22].  

 

Improvement in the aspect of implementing the solution, the experimental group was also superior 

compared to the control group with achievements of 0.58 (medium category) for the experimental group 

and 0.31 (medium category) for the control group and N-gain in the aspect of evaluating solutions for 

the experimental group by 0.72 (high category) while the control group 0.29 (low category). Increased 

aspects of implementing solutions due to the training of mathematical abilities in the aspects of 

mathematical thinking, as previous research states that students are more motivated in assessing the 

mathematical context after applying STEM learning [23]. 

 

The high increase in problem solving skills in the experimental group due to the training of problem 

solving skills by applying STEM learning. During learning, students are given LKS (Student 

Worksheets) that are designed according to the STEM aspects to practice problem solving skills. 

Winarni et al stated that aspects of STEM learning are in line with the stages of students' problem solving 

abilities, because STEM learning are learning that is directly applied in the form of contextual problem 

solving based on problem solving [13]. STEM learning has four aspects including science inquiry, 

technology literacy, engineering design, and mathematical thinking [23]. In the science inquiry aspect, 

students to construct their own knowledge related to the concepts being studied [24]. When learning 

takes place students construct their initial knowledge by demonstrating and observing videos. The 

technology literacy aspect supports students to be technology literate and to be trained in their 

technology skills, students are familiar with and analyze the application of technology from the concepts 

being studied [24]. When student learning is presented with an overview related to the application of the 

technology being studied, then students are required to know and analyze the technology. students also 

use technology in search of finding solutions and relevant material from problem discourse after students 

have passed the stage of understanding the problem. The aspect of technology literacy in STEM 

worksheets as shown in Figure 1. 

 

 
 

Fig 1. Aspect of Technology Literacy On Worksheet 

 

In the aspect of engineering design, students plan solutions to solve problems by designing a simple 

experiment [23]. Students are faced with the stage of planning a solution then students use the 
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knowledge they already have to create designs and experimental procedures that are suitable for solving 

problems. Student activities on the aspects of engineering design can be seen in Figure 2.  

 

 
 

Fig 2. Student Answers To Engineering Design 

 

Mathematical thinking aspects, students use mathematical abilities to carry out solutions by performing 

mathematical calculations based on data acquisition from experiments that have been designed and then 

students evaluate the problem solving solutions they have made [23]. The STEM aspect trains students 

in solving problems, as seen in the difference between the answers of the control group students and the 

experimental group presented in Figure 3. 

 

  
(a) (b) 

 

Fig 3. Problem Solving: (a) Control Group, (b) Experimental Group 

 

Based on Figure 3, it can be seen that the control group cannot answer all aspects of problem solving 

ability completely, in contrast to the experimental group that can answer all aspects of problem solving 

ability. This shows that STEM trains problem solving abilities, because aspects of STEM learning are 

in accordance with aspects of problem solving abilities [13]. Netwong in her research stated that STEM 

learning can improve problem-solving abilities and student achievement [22]. Apriani et al in their 

research stated the problem-solving ability had increased after students were treated in the form of 

STEM-based learning [20]. 

 

The high increase in the experimental group was caused by students' interest and enthusiasm when 

learning STEM, this was supported by the results of observations made in the experimental group at 

three meetings found that 77.8% of students sought relevant facts in the aspects of science inquiry and 

technology literacy, in engineering design aspects 70.8% of students do the planning of solutions by 

making designs and experimental procedures, 83.3% of students actively participated in experimental 
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activities, 90.3% of students collaborated in experimental activities and in the aspects of mathematical 

thinking 83.3% of students had discussions regarding the results of experiments and evaluation of 

solutions. In line with previous research, that STEM learning is learning with active learning 

encompassing communication, collaboration, problem solving, leadership, creativity [25]. 
 

 

CONCLUSION AND SUGGESTION 

 
Based on the results of this research concluded that (a) there is an effect of learning STEM on the ability 

of problem solving students on work and energy material (b) improvement of students' problem solving 

skills in the experimental group with an N-Gain of 0.71 (high category), while the control group obtained 

an N-Gain of 0.38 (medium category) (c) the results of observations of student activities in the 

experimental group while learning STEM obtained an average percentage of 81.09% with a very good 

category. 

 

Some suggestions that the authors propose after doing this research include (a) STEM learning should 

be carried out for subject matter that is not a theoretical concept (b) Implementation of STEM learning 

requires a long time, researchers and teachers should be able to allocate time should be possible so that 

learning can run effectively. 
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