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Abstract. Problem-solving skills need to be taught to students at school. One 

type of learning that is considered appropriate for teaching problem solving skills 

is STEAM learning. The aim of this research is to analyze the effectiveness of 

STEAM-based science learning to improve students' problem-solving skills. The 

research method used was pre-experiment with a one group pre-test and post-test 

design. The data collection technique in this research uses tests, with instruments 

in the form of problem-solving skills test questions. The data that has been col-

lected is then analyzed using paired t test statistics (α = 5%) and n-gain. The 

research results show that STEAM-based science learning effectively improves 

students' problem-solving skills with moderate criteria. Furthermore, research 

can be carried out by paying attention to students' initial abilities, including sci-

ence process skills and using computers.  
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One important part of the science learning process is problem solving. As many people 

know, problem solving has become a tradition and a goal to be achieved in science 

learning [1]. Problem-solving is necessary and important for life, and students must 

learn to problem-solve [2, 3]. Many studies have revised curricula to include integrated 

learning environments that encourage the use of higher-order thinking skills, especially 

problem-solving. Problem-solving has become a tradition in science learning and pro-

vides the experience needed for employment after graduation [4]. 

Among the skills of the 21st century, problem solving is a skill that students need to 

learn as a means of life. According to Greenstein [5], 21st century skills are grouped 

into 3, namely thinking skills (critical thinking and problem solving, creative thinking, 

and metacognitive); action skills (collaboration, communication, digital literation, and 

technology); and life skills (citizenship, global understanding, career readiness, and 

leadership). If students can apply their knowledge to solve problems, then it can be said 
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that they are successful in learning science [3, 6]. This means that students master one 

of the thinking skills of the 21st century. 

In order to master problem solving skills, students need to learn them. Apart from 

that, the role of the teacher is also important, namely teaching, training and getting used 

to problem solving. Indicators of problem-solving skills consist of understanding the 

problem, preparing a problem-solving plan, carrying out action, and evaluating. In solv-

ing science problems, it is necessary to focus more on conceptual aspects, providing 

motivation, and applying knowledge and understanding to solving problems related to 

everyday situations [8, 9]. Through learning, science teachers can facilitate students 

applying knowledge and understanding to real situations through the visualization pro-

cess to connect with the right equations to solve problems. One learning that can facil-

itate student problem-solving is STEAM-based learning. 

A learning approach that connects knowledge and skills in science, technology, en-

gineering, arts, and mathematics with the goal of solving problems is STEAM-based 

learning [10]. Many previous studies have integrated the STEAM approach into the 

Problem Based Learning (PBL) model and the results have been satisfactory. As is 

known, PBL uses authentic and unstructured problems. In addition, the problems given 

are open-ended so they are expected to support problem-solving skills [11]. Problem 

solving activities in the context of science, technology, engineering, arts and mathe-

matics can be achieved through learning phases that integrate the STEAM approach 

and the PBL model. These phases are: phase 1, orienting students to STEAM problems; 

phase 2, organizing students to learn; phase 3, guiding students in carrying out investi-

gations individually or in groups; phase 4, developing and presenting results; and phase 

5, analyzing and evaluating the problem-solving process that has been carried out [10]. 

Activities such as identifying and analyzing through aspects of science and mathemat-

ics as well as producing projects that use technological, engineering and artistic aspects 

of given problems, are the main characteristics of the STEAM learning approach [12, 

13]. Projects are created according to solutions to problems that are or have occurred. 

The concept of the STEAM approach is student-centered learning; project-based, col-

laborative, design, and cooperative to encourage comprehensive education [14, 15, 16]. 

In this paper, the effectiveness of STEAM-based science learning for improving prob-

lem-solving skills will be described. 

2 Method 

The research method used in this research is a pre-experimental method using a one 

group pre-test – post-test design, namely: O1 X O2 [17]. In its implementation, students 

are first given a pre-test (O1) regarding problem solving skills, before learning. Then, 

STEAM-based science learning was implemented in class (X). Then, at the end of the 

lesson, a post-test (O2) of problem-solving skills is carried out. This research was con-

ducted on 60 students (VIII-B and VIII-C) who were the research sample, who were 

studying science in the even semester of the 2022/2023 academic year. The sample was 

determined using a cluster random sampling technique. This technique is easier to apply 

in groups and does not take time [17]. 
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The data collection technique in this research uses tests. The questions used in the test 

are prepared using indicators of problem-solving skills. In this research, the data that 

has been collected is then analyzed using the paired sample t-test (α = 5%) and calcu-

lating the average n-gain [18, 19]. The paired t test was used to analyze the difference 

in the average scores of pre-tests and post-test problem solving skills. Meanwhile, cal-

culating the average n-gain is used to categorize the increase in problem solving skills 

into high, medium and low. Through these data analysis techniques, the effectiveness 

of STEAM-based science learning will be known to improve students' problem-solving 

skills. 

3 Result and Discussion 

In Figure 1, the pre-test and post-test scores of students' problem-solving skills are 

presented. Pre-test scores are presented in unshaded bars, while post-test scores are in 

shaded bars. 

 
 

Fig. 1. Student problem solving skills score (average of pre-test and post-test scores) 

 
Based on Figure 1, it can be seen the difference in the average scores of students' 

pre-test and post-test problem-solving skills. The post-test score is higher or better than 

the pre-test score. Next, to determine the effectiveness of the applied STEAM-based 

science learning, data analysis was carried out using the paired t test and calculating the 

average n-gain. Table 1, Table 2, and Table 3 present a summary of the data analysis. 
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Table 1. Results of normality and homogeneity calculations of data 

Class Test 
∑ 

student 
Average 

Normality (α = 0.05) Homogeneity (α = 0.05) 

Asymp. Sig. 

(2-tailed) 

Normally 

Distributed 

Asymp. Sig. 

(2-tailed) 

Homoge-

nous 

VIII-B 
Pre 30 45.85 0.052 Yes 

0.954 Yes 
Post 30 83.06 0.200 Yes 

VIII-C 
Pre 30 43.65 0.140 Yes 

0.603 Yes 
Post 30 82.86 0.079 Yes 

Table 2. Paired t-test results of students' problem-solving skills scores 

Class Test 
∑ 

student 
Average 

Paired t-test (α = 0.05) 

t p Decision 

VIII-B 
Pre 30 45.85 -64.83 

 

< 0.001 

 

Ho was rejected 

Post 30 83.06 

VIII-C 
Pre 30 43.65 -52.26 < 0.001 

 

Ho was rejected 

Post 30 82.86 

Table 3. Results of n-gain calculations on students' problem-solving skills 

Class Test, n-gain 
Problem-solving skills indicators 

n-gain 
Identification Set-Up Execute Evaluation 

VIII-B Pre 1.28 0.92 0.79 0.62 
0.60  

Post 2.43 2.04 2.02 1.82  
n-gain 0.70 0.62 0.58 0.51  

VIII-C Pre 1.28 1.14 0.78 0.67 
0.62  

Post 2.53 2.29 2.05 1.94  
n-gain 0.72 0.63 0.57 0.56  

 
Analysis of the normality and homogeneity of research data (average pre-test and 

post-test scores of students' problem-solving skills) shows that the data is normally dis-

tributed and homogeneous (Table 1). These results meet the requirements for conduct-

ing a paired t-test. From the results of the paired t test that was carried out, a p-value 

<0.001 was obtained for classes VIII-B and VIII-C (Table 2). This means that there is 

a significant difference between the pre-test and post-test scores of students' problem 

solving-skills. Table 2 also shows that the average post-test score is greater than the 

average pre-test score. This means that there is a significant increase in the average 

score (α = 5%) from the average of the pre-test and post-test. This shows an increase in 

students' problem-solving skills after being given STEAM-based science learning. 

The increase in students' problem-solving skills can also be seen from each indicator, 

as presented in Table 3. Each indicator of students' problem-solving skills has in-

creased, and the average n-gain score for both classes is 0.60 (in the medium criteria) 

and 0.62 (in the medium criteria) in medium criteria). The highest increase occurred in 

problem identification skills. This supports the results of previous research that problem 

identification skills are the key to success in the problem-solving process [6]. 

The results of research data analysis show that STEAM-based science learning is 

effective in improving students' problem-solving skills. This is in accordance with the 

characteristics of STEAM-based learning, namely that it is contextual and based on 

problems so that it can train students' problem-solving abilities by identifying and 
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analyzing activities through aspects of science and mathematics, and can produce pro-

jects that utilize aspects of technology, engineering and art in their creation [12, 13]. 

Projects are created according to solutions to current or existing problems, student-cen-

tered and collaborative to encourage comprehensive education [14, 15, 16]. 

This is in line with STEAM which can train and improve students' skills in solving 

problems [20, 21, 22]. In phase 2, giving questions with a STEAM nuance using a col-

laborative setting allows students to develop collaboration skills in solving problems. 

Problem solving activities start from facilitating learning needs or organizing students 

to study (phase 2) and guidance in individual and group investigations (phase 3). Then, 

provide opportunities for students to practice communication skills regarding problem 

solving results, through developing and presenting results (phase 4). Then evaluate the 

results to determine the suitability of the solution and problem. The integration of 

STEAM in learning provides new opportunities for students to develop good problem-

solving skills [23]. 

The research results also show that every indicator of problem-solving skills has 

increased. This provides additional evidence to previous studies that STEAM-based 

science learning syntax through the PBL model can train every indicator of problem 

solving. However, in the learning process there are a few obstacles related to students' 

initial abilities. These abilities are related to the skills of carrying out investigations/sci-

entific process skills and using computers. It is necessary to make initial efforts to pro-

vide science process skills and use of computers. 

4 Conclusion 

The research results show that STEAM-based science learning effectively improves 

students' problem-solving skills with moderate criteria. Each indicator of problem-solv-

ing skills experienced a significant increase, with moderate criteria. Furthermore, re-

search can be carried out by paying attention to students' initial abilities, including sci-

ence process skills and using computers. 
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