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 STEM PBL emphasizes integrating several aspects of science, such as 

technology and design, where in this aspect, there will be an innovative 
engineering process based on science and mathematics that aims to carry out 

innovation and problem-solving. The research design is a non-equivalent pre-

test and post-test control group design—the tests conducted by pre-test and 

post-test of the learning process in experiment and control groups. The 
experiment and the control group were conducted in two classes with different 

treatments; the experiment class used the PBL STEM model, while the control 

class was treated using a conventional model. The results present that the 

average percentage of the student’s problem-solving in the experiments class 
increased after implementing the STEM PBL model. More students were 

experts in all aspects of problem-solving in the post-test compared with the 

pre-test.  
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1. INTRODUCTION  

Currently humans live in a very fast-changing environment. It is hoped that humans can adapt to these 

changes. For students they must prepare some skills that they can use in the future to promote them to keep up 

careers in these disciplines. The skill that needs to be improved is the field of science. One of the skills required 

is problem-solving skills. Problem solving can be described as identifying a problem and solutions choice among 

many other alternatives (Ferrando et al., 2023). In addition, solutions should be under the guidance of some valid 

arguments. Problem solving skills have an extensive structure with wide borders. Problem solving skills have 

been used in many disciplines, such as management, public administration, engineering, and science. The theory 

explaining problem solving has been the aspect of scientist’s process in the different methods to work on different 

perspectives (Kong & Matore, 2022; Stehle & Peters-Burton, 2019).  
In daily life, people have problems that must be solved. When solving the problem, people differentiate 

the options according to option and process is not simple for some people (Chan & Nagatomo, 2022; Ling et 

al., 2019). Problem solving is also needed to solve a problem. To support this ability, students must have critical 

thinking skills. Problem solving is not only the process of students applying concepts, doing experiments but also 

making a product or work that solves the problem (Park & Choi, 2015; Topsakal et al., 2022). To solve the 

problems in facing the challenges of teachers can prepare the students to develop the skills using PBL STEM. 

PBL STEM is a learning model that integrates some scientific disciplines including Science, Technology, 

Engineering, and Mathematics. STEM education is one of the solutions to solve the problems in a systematic way 

to help the students from some disciplines of science, technology, engineering, math, and creativity (Stone-Mac 

Donald et al. 2015) (Amalina & Vidákovich, 2022; English, 2023). One good way of STEM activities is to 

encourage problem solving skills based on real situations (Mylonas et al., 2021). The other hand, to increase 

problem solving skills it is mean learning process enforced by students. The ability to solve the real problem that 

is close to the students requires a skill and ability possessed (Karan & Brown, 2022; Tan et al., 2023).  

Based on previous research on STEM provided a lot aspect such as cognitive, procedural, and attitudinal 

benefits for students (English, 2023; Jamali et al., 2022; Takeuchi et al., 2020). STEM encourages students to 

develop problem-solving with science, technology, engineering, and math knowledge and skills (Gough, 2021). 

https://creativecommons.org/licenses/by-sa/4.0/
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STEM education also shows various potentials in developing the literacy needed by students in a 21st-century 

professional society (Means et al., 2017). STEM education (science, technology, engineering, and mathematics) 

is important in preparing young people to respond to the challenges they face (Nguyen et al., 2020). 

STEM education emphasizes integrating several aspects of science such as technology and design where 

in this aspect there will be an innovative engineering process based on science and mathematics that aims to carry 

out innovation and problem-solving (Alkair et al., 2023; Purwaningsih et al., 2020; Topsakal et al., 2022). Thus, 

STEM education does not only come from knowledge of science and technology but also involves a special 

approach to aspects of education. The approach to the educational aspect is carried out by applying the knowledge 

gained in real life (Coufal,2022; Parno et al., 2019). The STEM approach emphasizes not only an integrated 

approach but also aspects of social problems (Li et al., 2020; McLure et al., 2022). To connect scientific 

knowledge, problem solving skills, and real problem situations, we must renegotiate the disciplinary boundaries 

and make a relation with the other aspect. In higher education, especially in the context of learning, developing 

the problem-solving learning skills must make a variety of teaching strategies for preparing the students to solve 

all kinds of problems and provide opportunities in theoretical concepts (Alsmadi, 2020; Belbase et al., 2021).  

The purpose of this study is analyzing the effect of STEM activities on the creativity of junior school 

students. This study was carried out on students who attend a state-owned school institution in Indonesia. With 

this purpose, we seek to find answers to these questions: How does a STEM PBL education model affect junior 

problem-solving skills?  

 

2. RESEARCH METHOD 

The research design is a pre-test and post-test control group design non-equivalent, with tests conducted 

by pretest and posttest of learning process in control and experimental groups, as shown in Table 1.  

 

Table 1. Pre-Test and Post-Test Control Group Design Non-Equivalent. 

 Pre-Test Treatment Post-Test 

Experiment O1 X1 O3 

Control O2 X2 O4 

 

Notes:  

O1: Pre-test on experiment group 

O2: Pre-test on control group  

X1: PBL STEM model learning  

X2: Conventional model learning  

O3: Post-test on experiment group  

O4: Post-test on experiment group  

 

This research was conducted at the Universitas Negeri Malang, in Biology Departement. Participants in 

this research activitiy are students who took the Technobiology course in the five semester Agust to Desember. 

The students who participated comprised 64 students dicided into two class groups namely exprimental group and 

the control group. The experiment group consisted of 32 students and the control group consisted of 32 students. 

This research was conducted in the bioremediation topic course which was carried out for four meetings. This 

research was conducted with following steps, as shown in Table 2.  

 

Table 2. The steps of learning process 

Step Experiment Group Control Group 

Frist Identify pollution problems arising from factory waste. In 

these steps, the students must identify from the videos and 

articles provided in the learning module. 

Reading learning modules related to 

bioremediation concept material. 

Second Identify multiple solutions. After analyzing the articles 

and videos, students must locate various solutions that 

will choose to solve existing problems. In this stage, 

students must make a solution by considering three 

stakeholder aspects; government, society, and self 

Working on learning modules related to 

bioremediation, which consists of the 

topics of bioremediation, biocontrol, 

biofertilization, and their utilization 

Third Determine the solution. In this stage, students must 

determine the best solution based on the results of 

discussions in one group 

Discuss in large groups related to the 

results of the material  

Fourth Design and evaluation. At this stage, students must make 

a prototype of the product to solve the problems in the first 

stage; evaluate related to the product being made 

Reinforcement by the teacher related to 

bioremediation material.  
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Figure 1. STEM concepts integrated by students 

 

Table 3. The project that made by students 

 The Project 

Group 1 Nanofilter (Nf) with bacterial biofilm and rice husk biosilica 

Group 2 Cow waste biogas 

Group 3 Cow's Milk Waste Disposal Site 

Group 4 Bioremediation Zone 

Group 5 Self-Purification 

Group 6 Recirculation by submerged biofilter method 

Group 7 Waste treatment with bacterial biofilter 

Group 8 Sand filter Biofilter 

 

The problem-solving skills instrument is developed from the formulation by Greenstein (2012) in which 

the problem-solving skills consist of Identifying the problem, identifying multiple solutions, and solutions, as 

shown in Table 4. The criteria for scoring problem solving skills are shown in Table 4. Hypothesis testing was 

conducted on student learning outcomes from test scores on problem solving skills. The hypothesis tested was 

using ANCOVA with the criteria, if the probability level of significance α = 5% so H0 is rejected. The data was 

collected from pre-test and post-tests data. Before collecting the post-test data, in the process of learning we are 

using the PBL STEM model in the experimental group and conventional model learning in the control group. The 

data was analyzed using descriptive statistics for determining the validation and implementation of STEM PBL 

and the effectiveness of the PBL STEM model to improve students' problem-solving skills. Hypothesis test was 

performed using one-way ANCOVA. After that, the BNT test was carried out to find out the significant differences 

between the two research classes that were carried out. 

Table 4. Problem Solving Skills Rubric 

Aspect 4 3 2 1 

Identification 

the Problem  

Described the problem 

in relation to the 

situation an included 

several supporting 

details. 

Described the basic 

of the problem 

with some details 

and supporting 

information.  

Explained some of 

the problem but had 

trouble understanding 

all the parts of the 

problem.  

Difficulty 

recognizing and 

defining the 

parts of the 

problem. 

Plan Came up with at least 

four feasible and 

clearly described 

solutions. 

Offered two or 

three plausible 

solutions.  

Describd one or two 

possible solutions.  

One solution, 

butnot the clear 

solutions.  

Implementation 

for the plan  

Analyzed all the 

solutions and picked 

one that shows my 

understanding of the 

problem ant that 

outcomes 

Evaluated the 

solutions and 

picked one that 

seems feasible  

Give a simple 

explanation for the 

one choicce that 

made sense 

Was not able to 

explain a 

solution. 

 

Table 4. Problem Solving Skills Rubric 

Reflect on the 

Results  

Explain in detail 

related to the 

product was made 

and explain the 

advantages and 

Explain the 

advantages and 

disadvantages of 

the product was 

made. 

Give a simple 

explanation for the 

reflection on the 

results. 

Was not able to 

reflect on the 

results 
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disadvantages for 

all stakeholders. 

 

Information:  

4: Expert 

3: Competent 

2: Apprentice 

1: Novice 

 

3. RESULT AND DISCUSSION 

STEM PBL is significant with conventional model because it provides an opportunity for the students to 

directly orientate the problem based on a real situation to the students through observation, thereby developing 

their identification of the problem solving. Students’ problem solving is powered through observation and analysis 

of the real problem from the article in the student’s worksheet ((Perignat & Katz-Buonincontro, 2019)) like 

in the Figure 1 students identify problems after that students identify if students become policy makers. Students’ 

problem solving can encourage the students to get in width about the following material. (Rahmawatiningrum et 

al., 2019; Shu et al., 2020) which reported that students who have a high problem-solving skill were able to provide 

analysis.  

 

 
 

Figure 1. Identification the Problem 

 

For example, for students to analyze and identify the impact of the factory waste that pollutes the 

environment, they must identify what is the problem that will come for the future if it continues, and make some 

plan and decision to solve the problem. In this case, students are directed to identify multiple solutions and take 

action to solve the problems. Through identifying multiple solutions, the students are directed to need more 

information so they can know about the material in more depth and breadth (Blackburn, 2017; Skowronek et al., 

2022).After students identify the Problem students must plan to solve the problem. Plans made by students must 

consist of four aspects of PBL STEM like in the figure 2.  

Likewise, (Park & Choi, 2015; Rahmawatiningrum et al., 2019) explains that problem solving is the 

originator of critical thinking and creativity. After knowing deeper material and being able to connect with existing 

problems the student’s plan. In this stage that students plan, the student can develop their other skills such as 

creativity and critical thinking (Huber & Kuncel, 2016). In this aspect students can get anything positive such 

as a science process skill. STEM activities, students identified a problem, planned, drew a sketch to create a 

prototype, and made some evaluations. This stage will help them to learn for the content of science successfully 

(Amalina & Vidákovich, 2022a; English, 2023). STEM activities as a process so the students can using their 

science process skills (Carlisle & Weaver, 2018; Wongta et al., 2021).  
 

  

Figure 2. Plan a design 
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There have similarities with the engineering design process used in PBL STEM activities and science 

process skills. The engineering design process, in the first step is defined and the determination of the variables 

that related to the problem is like the science process skills. In the design process, students are searching for 

solutions and create the prototype of the appropriate solution, they use science process skills such as experiment, 

using appropriate tools, recording data, modeling, interpreting the data and drawing a conclusion for the final 

project such as making a prototype and evaluation Figure 3.  

 

 
Figure 3. Plan and evaluation from the design of bioremidiasi project 

 

The results of the variance of the effectiveness of STEM PBL models on students’ problem solving are 

shown in the Table 5 and Table 6. 

 

Table 5. The average percentage of students’ problem-solving pretest 

Pre-Test 

Problem Solving Aspect 
Level Performance 

Expert Competent Apprentice Novice 

Identification the Problem  12,5 62,5 25  

Plan 12,5 75 12,5  

Implementation for the plan  37,5 37,5 25  

Reflect on the Results  25 75    

 

Table 6. The average percentage of students’ problem-solving post-test 

Post-Test 

Problem Solving Aspect 
Level Performance 

Expert Competent Apprentice Novice 

Identification the Problem  37,5 62,5   

Plan 50 50   

Implementation for the plan    100   

Evaluations 37,5 62,5   

 

The results show that the average percentage of the student’s problem solving in the experiments class 

increased after implementating the STEM PBL model. More students were experts in all aspects of problem-

solving in the post-test compared with the pre-test. The ANACOVA of problem-solving results is provided in the 

Table 7 showing that there are differences in learning model variance [Fcount = 9.508 with p-value = 0.00. P-

value < (α = 0.05)], indicating that the learning model affects students’ problem solving.  

 

Table 7. ANCOVA results of Problem Solving. 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Corrected Model 319.236a 2 159.618 5.726 .005 

Intercept 993.987 1 993.987 35.656 .000 

PreTest 12.986 1 12.986 .466 .498 

Kelas 265.058 1 265.058 9.508 .003 

Error 1700.514 61 27.877   

Total 410980.000 64    

Corrected Total 2019.750 63    

a. R Squared = ,158 (Adjusted R Squared = ,130) 
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The problem solving BNT test results are presented in Table 8 showing that the learning models are 

significantly different from conventional models.  

 

Table 8. BNT result showing that the learning models 

  pretest postest Difference  Average  Notation  

Class mean SD mean SD 
   

Experiment  71 2,8125 82 5,3125 10 82 b 

Control  69 3,90625 77 4,1406 8 77 a 

 

In PBL STEM activities, the opportunity to conduct research as a problem solver and to design like an 

engineer increased their motivation. The STEM activities increased their interest in STEM fields even if they 

must solve a problem. PBL STEM can improve students' abilities because for the first time it had a positive 

effect for the students to understand the integration every aspect of STEM field and realize the activities such 

as the scientist design process(Ferrando et al., 2023; Karahan et al., 2015b). They made their designs, presented 

the ideas and bring out their motivation to be successful in the application of STEM activities. Similarly, there 

were many research suggest that STEM learning increased students’ problem-solving skills (Karahan et al., 

2015a; Roberts et al., 2022). The result of integrating PBL STEM their attitudes, their improved science and 

design process, motivation, willingness to engage in class discussions and scientific content increased (Amalina 

& Vidákovich, 2022b; Delahunty et al., 2020; Priemer et al., 2020).The students’ engagement in the 

scientific design process increased their problem-solving skills (Amalina & Vidákovich, 2022a; Contente 

& Galvão, 2022). 
The difference between the experiment group and control group in terms of problem-solving skills are 

the fact that they structured their knowledge within the filed of PBL STEM process as a result of their research 

and the chance to transform this knowledge by using technology for design the prototype. Students can use their 

talents in PBL STEM learning process, material and technological tools during the activities affect their 

problem-solving skills and their visual literacy. During PBL STEM learning process, students have the chance 

to use their skills such as doing research, finding the problem, using technology, working in groups for designing 

and making presentations. 

 

4. CONCLUSION 

STEM PBL education model affects junior problem-solving skills. In PBL STEM activities, the chance to 

research as a scientist and students can make a design like an engineer can increased their interests in earning 

process. PBL STEM can improve students' abilities because had a positive effect to understand the integration of 

STEM and to realize the activities such as the engineering design process. They made their own designs, presented 

their ideas and motivated to be successful in the application of STEM activities. For future research, it is hoped 

that there will be more research related to STEM at the tertiary level to develop other 21st-century abilities.  
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