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Abstract: One learning model that supports improving critical thinking skills and 
developing 21st century education is the PBL model. This research aims to describe the 
quality of the STEAM approach-based PBL model learning tools development for Students' 
Critical Thinking Ability on the concept of sound wave using the ADDIE development 
model. The results of the validation carried out by three validators obtained an average 
percentage for the learning implementation plan of 93.08%, student activity sheets of 
92.58%, teaching materials of 90.82%, and critical thinking tests of 92.72%, and all included 
in the very valid criteria. The practicality of learning tools is seen from learning 
implementation of 90.72% with excellent criteria, the student's response to the learning 
tools was very positive with the ease aspect percentage of students' responses was 86.67%, 
the enthusiasm aspect percentage of 93.33%, the motivated aspect percentage of 86.67% 
and the involvement aspect percentage of 83.33%. The effectiveness of learning tools in 
student activity of 91.67% with excellent criteria, the results of the critical thinking test 
increased by 49.00%, from previously the overall average score of students was 30.33% to 
79.33% and the effectiveness category through the N-Gain test was 0.71 with high criteria.  
 
Keywords: Critical thinking; PBL model; Sound waves; STEAM. 

  

Introduction  
 

The importance of education in the 21st century 
requires students to be able to develop skills, innovate, 
and master the use of technology and information 
media. These skills can help survive using life skills 
(Murti, 2015; Afandi et al., 2016). One way to do this is 
to organize learning that encourages students to think 
critically. This method can be implemented through the 
STEAM (Science, Technology, Engineering, Arts, and 
Mathematics) learning method. Project-based STEAM 
learning trains students to appreciate the collaboration 
between art and science and to apply critical thinking, 
creativity, and imagination skills to understand real-
world challenges (Utomo et al., 2023; Bassachs et al., 

2020; Wilson & Hawkins, 2019; Haddar et al., 2023; 
Anggraeni, 2021; Sha et al., 2021). 

Critical thinking is a comprehensive procedure that 
enables individuals to assess the evidence, assumptions, 
reasoning, and language that form the foundation of 
others' thought processes. In addition, critical thinking 
involves an in-depth approach to information through 

investigation, exploration, experimentation, and so on to 
reach accurate conclusions, resulting in the construction 
of meaningful knowledge. The critical thinking process 
can be described as interpretation, analysis, evaluation, 
inference, and explanation (Putri et al., 2023; Rahmawati 
et al., 2019; Syukri et al., 2022; Guamanga et al., 2023). 
Conventional and monotonous learning models result in 
students needing more time to explore their abilities. 

https://doi.org/10.29303/jppipa.v9i12.6776
mailto:tirtawaty@ung.ac.id
https://doi.org/10.29303/jppipa.v9i12.6776


Jurnal Peneliatian Pendidikan IPA (JPPIPA) Desember 2023, Volume 9 Issue 12, 11613-11624 

 

11614 

One of the schools that applies this kind of learning 
model is SMA Negeri 3 Luwuk. There needs to be 
improvements and creativity to make learning more 
attractive to students as the main subject of education 
and develop critical thinking skills. Lesson material that 
can be used in developing critical thinking skills is 
sound waves. This material is straightforward for 
students to understand based on Problem-Based 
Learning (PBL) (Fuadi, 2023; Ansumarwaty & 
Hikmawati, 2023; Mabruroh & Suhandi, 2017; Cahyani 
et al., 2023). 

The PBL model supports improving thinking 
abilities. PBL, established by the Ministry of Education, 
Culture, Research and Technology in the 2013 
curriculum, is a PBL model that consists of a series of 
activities where groups or individuals are required to 
think, communicate, explore, and solve problems by 
thinking scientifically (Marhamah et al., 2020; Putri et al., 
2021; Nagarajan & Overton, 2019; Ismail et al., 2018). 

According to the provided information, the researcher 
discusses the excellence in creating educational 
resources through the implementation of the PBL model 
with a STEAM approach toward students' critical 
thinking abilities on the concept of sound waves. 
 

Method  
 

The research activities were located at SMA Negeri 
3 Luwuk, Luwuk District, Banggai Regency, Central 
Sulawesi Province. This form of research is categorized 
as development research (R&D) in Figure 1, a 
methodology employed to create particular products 
and assess their effectiveness through testing. In this 
development research, the researcher aims to develop a 
tool consisting of a Learning Implementation Plan, 
Student Worksheets, Teaching Materials and Critical 
Thinking Tests (Sugiyono, 2019). 

 
 
 

 
Figure 1. Flow chart of research 

 

Based on Figure 1, the research utilizes the ADDIE 
development model, which serves as a framework for 
constructing effective, efficient, dynamic training 
program tools and infrastructure that enhance the 
performance of the conducted training. The ADDIE 
model encompasses five phases: Analysis, Design, 
Development, Implementation, and Evaluation. 

Data collection techniques and instruments in 
research consist of several aspects, namely, the validity 
of using learning device validation sheets, The feasibility 
of employing observation sheets for learning 
implementation and questionnaires to gauge student 
responses and the efficiency of utilizing observation 
sheets for student activities and test sheets (pretest and 
posttest) are under consideration, which are adapted to 
critical thinking indicators, namely analysis, 
interpretation, explanation, evaluation, and inference. 
The applied data analysis method involves a descriptive 
assessment of the validity, practicality, and effectiveness 
of the learning tools. Validation results are derived from 
scoring the evaluation of the learning tools by the 
validator, utilizing a Likert scale with a scoring range 
from 1 to 4. Then, the validation results, whose 
percentages are already known, will be matched by 
looking at the criteria in Table 1 (Akbar, 2013). 

The assessment of the practicality of the developed 
learning tools in this study was determined through an 
examination of learning implementation and an 
evaluation of student responses. The analysis of learning 
implementation involves two choices, namely "Yes" or 

"No." The interpretation of criteria for evaluating 
learning implementation involves comparing the results 
with the average total score, which has been calculated 
using a formula and then given with the criteria as 
shown in Table 2 (Sukardi, 2013). 

 
Table 1. Validity Criteria for Learning Tools 

Percentage (%) Validation Criteria  

85.1 - 100  Very Valid 
70.1 – 85 Enough Valid 
50.1 – 70 Less Valid 
0.1 – 50 Invalid 

 
Table 2. Criteria for implementing learning 

Value Range (%) Interpretation 

86 - 100  Excellent 
76 – 85 Good 
66 – 75 Enough 
56 – 65 Less  
0 – 55 Not much 

 
Student responses were obtained from 

questionnaire results, which were analyzed 
descriptively by describing the reactions of students to 
the developed learning tools. The results of the 
description of the student questionnaire are then made 
into a conclusion. The scoring for each answer to this 
questionnaire uses a Likert scale. Furthermore, for 
quantitative analysis, students' responses can be given a 
score as indicated in Table 3 (Sugiyono, 2019). 

Analysis Design Development Implementation Evaluation 
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The evaluation of student responses involves 
interpreting the criteria by comparing the results with 
the average total score, which has been calculated using 
a formula and then given with the criteria as shown in 
Table 4 (Khabibah, 2006). 

 
Table 3. Scoring Guidelines for Student Response 
Questionnaires 

Answer Choices Positive Statement Negative Statement 

strongly agree 5 1 
Agree 4 2 
Enough 3 3 
Less 2 4 
Not much 1 5 

 
Table 4. Student Response Criteria 

Percentage (%) Criteria 

86 - 100  Very Positive 
71 - 85 Positive 
51 - 70 Less 
0 - 50 Not much 

 
Learning tools are practical if the learning 

objectives can be achieved according to specific criteria 
and influence all student learning outcomes as expected 
or exceed the specified minimum completeness criteria 
(Chairunnisa et al., 2022). In the effectiveness analysis, 
the learning tools developed were obtained based on 
two aspects: Analysis of student activities in learning 
and Analysis of students' critical thinking tests.  

The interpretation of criteria for evaluating student 
activity is done by comparing the outcomes with the 
average total score across three learning sessions, which 
have been calculated using a formula and then given 
with the criteria as shown in Table 5 (Sukardi, 2013). 

 
Table 5. Criteria for Student Activities 

Value Range (%) Interpretation 

86 - 100  Excellent 
76 – 85 Good 
66 – 75 Enough 
56 – 65 Less  

 
The magnitude of the influence of using the PBL 

model based on the STEAM approach on improving 
students' critical thinking abilities is the use of N-Gain 
(normalized-Gain) analysis. The N-Gain score obtained 
is the result of a comparison between the average pretest 
and posttest. The interpretation of the N-Gain value is 
provided in Table 6 (Hake, 1998). 

 
Table 6. Interpretation of N-Gain Values 

Value (g) Interpretation 

(g) > 0.7  High 
0.3 ≤ (g) ≤ 0.7 Medium 
(g) < 0.3 Low 

Result and Discussion 
 
Result 

The creation of learning tools for the PBL model, 
incorporating the STEAM approach to enhance students' 
critical thinking skills in the context of sound wave 
material, is a form of Research and Development (R&D). 
This process follows the ADDIE development model 
formulated by Dick and Carey, which includes five 
stages, namely Analysis, Design, Development, 
Implementation, and Evaluation. This research aims to 
produce a product, namely a learning tool using a PBL 
model based on a STEAM approach that is of quality in 
terms of validity, effectiveness and practicality data. 
 
Analysis 

At this stage, a needs analysis is carried out, along 
with an analysis of the physics curriculum/syllabus and 
an analysis of student characteristics. The results of the 
needs analysis obtained based on face-to-face interviews 
with class XI physics teachers at SMA Negeri 3 Luwuk 
stated that the teacher's handbook is only one source of 
teaching materials, the learning model carried out by the 
teacher uses cooperative learning, the learning method 
used by the teacher uses the lecture method, students 
use student worksheets; and Books. After conducting a 
needs analysis, then carry out a curriculum analysis of 
the physics curriculum/syllabus. In this analysis, the 
researcher chose Sound Waves material for class XI, 
even semester, with Basic Competencies 3.10 and 4.10. 
Core Competencies and Basic Competencies which refer 
to the 2013 curriculum. Then, the researchers carried out 
an analysis of student characteristics based on students' 
cognitive background, learning motivation, age, which 
influences students' cognitive abilities, and the language 
used by students 

 
Design 

At this stage, the researcher begins to prepare the 
test. The test is prepared based on an analysis of the 
physics curriculum/syllabus outlined in the learning 
objectives. In its preparation, it is adjusted to indicators 
of critical thinking skills, namely interpretation, 

analysis, evaluation, inference and explanation. The test 
is made in multiple choice form. Then, the format is 
selected by designing the learning presentation by 
selecting the learning model and approach as well as 
learning resources. In its presentation, the researcher 
used the model and approach of a PBL learning model 
based on the STEAM approach. The learning resources 
used are teaching materials and other relevant physics 
books. After that, the researcher carried out the initial 
design by designing learning tools, namely Learning 
Implementation Plans, Student Activity Sheets, 
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Teaching Materials, and Critical Thinking Tests using a 
PBL learning model based on the STEAM approach. 
 
Development 

Learning tools have been designed, developed, and 
validated by expert validators consisting of language 
experts and material experts who will provide an 
assessment of the learning tools developed by 
researchers. Assessments consist of qualitative 
assessments and quantitative assessments. This 
validation was carried out in a Focus Group Discussion 
(FGD), which presented expert validators according to 
their respective fields of expertise. The results of the 
FGD in the form of suggestions and input from expert 
validators/experts will be used as material for revision 
or improvement before conducting research with the 
aim of improving the tools and achieving the research 
objectives. The things that are validated by expert 
validators are validation of the content of learning tools 
or validation of material and validation in terms of the 
language used. Before the learning tools are 
implemented, a readability test will be carried out. This 
was done to test the extent to which the tools developed 
by researchers can be read and understood by students. 
Readability trials were carried out on 6 class XI students 
at SMA Negeri 3 Luwuk. 

 
Implementation 

At this stage, the device has been validated and 
revised by an expert validator, and then it is ready to be 
implemented. In this research, the device was only 
tested on a small (limited) scale, namely 30 students in 
class XI MIPA B SMA Negeri 3 Luwuk. Researchers gave 
a pretest before treatment, carried out the treatment, 
gave a posttest, and gave response questionnaires to 
students. At each meeting, the observer fills out a device 
assessment instrument that has been prepared to assess 
the practicality and effectiveness of the learning device. 
In this research, researchers conducted three learning 
activity meetings. 
 
Evaluation 

During this phase, an evaluation of the learning 
tools' development outcomes takes place. This 
assessment occurs through two methods: formative 
evaluation and summative evaluation. Formative 
evaluation involves experts conducting assessments 
using validation sheets, along with evaluations from 
both teachers and students. At the same time, 
summative assessments are carried out at the end of 
learning (three meetings). This evaluation stage aims to 
provide feedback and then revise it again if something is 
missing or has not been fulfilled so that the results of the 
revision produce a quality (valid, practical and effective) 

learning tool. The final result of the learning device that 
has been revised at this stage is called the final device or 
final product. 
 
Validation of Learning Tools 

The initial learning tools that have been designed 
are validated by experts/experts through FGD. The FGD 
that was held presented experts or specialists. All 
experts or validators comment on the learning tools and 
provide suggestions for improving the learning tools. 
After going through several revisions by validators, the 
learning tools developed have now been adapted to the 
input and improvements provided by each validator. 
Apart from providing input, the validators also assess 
the learning tools that have been developed by filling in 
assessment forms that researchers have prepared. The 
evaluation results from the validators can be described 

in detail in Table 7. 
 
Table 7. Average Percentage of Validation Results by 
Expert Validators 

Validation Instrument Percentage (%) Criteria 

Learning 
Implementation Plan 

93.08 Very Valid 

Student Activity Sheets 92.58 Very Valid 
Teaching materials 90.82 Very Valid 
Critical Thinking Test 92.72 Very Valid 

 
Based on the information listed in Table 7, the 

learning tools developed by researchers show a high 
level of validity and can be applied in further testing 
stages. This conclusion is based on the percentage of 
validation results that, on average, fall into the very 
valid category, as evaluated by validators who have 
expertise in the related field. 
 
Practicality of Learning Tools 

The practicality of learning tools for the PBL model, 
integrating the STEAM approach, is evaluated through 
two dimensions: the execution of the learning process 
and the feedback from students. 

The assessment of the learning process includes 
observation across three phases: initial activities, core 
activities, and concluding activities. Observations of 
learning implementation were carried out by two 
observers, namely the physics teacher at SMA Negeri 3 
Luwuk and the researcher using a learning 
implementation observation sheet. The learning on 
sound wave material was carried out at SMA Negeri 3 
Luwuk class XI MIPA B. This observation was carried 
out in three meetings. The results obtained from 
observers can be seen in Figure 2. Based on Figure 2, the 
implementation of PBL model learning based on the 
STEAM approach is in the excellent category, with an 
overall average of 90.72%. The first meeting resulted in 
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an average percentage of learning implementation of 
86.37%, the second meeting resulted in an average 
percentage of learning implementation of 89.77%, and 
the third meeting had an average percentage of learning 
implementation of 96.02%. 

Student response questionnaires were distributed 
to 30 students who had been taught with PBL model 
learning tools based on the STEAM approach. The 
distribution of this questionnaire occurred following the 
completion of all learning activities, namely the first 
meeting to the third meeting, and a learning outcomes 
test in the form of a critical thinking test in Figure 3. 
 

 
Figure 2. Graph of Percentage of Learning Implementation 

 

 

 
Figure 3. Graph of Student Response Percentage 

 

Based on Figure 3, it can be explained that in the 
ease aspect, the percentage of student responses was 
86.67%; in the enthusiasm aspect, the percentage of 
student responses was 93.33%; in the motivated aspect, 
the percentage of student responses was 86.67%; in the 
involvement aspect, the percentage of students was 83. 
.33%, and the difficulty level aspect, the percentage of 
student responses was 13.37%. Based on these results, 
the PBL learning model based on the STEAM approach 
used by researchers can provide convenience, 
enthusiasm, motivation and involvement of students in 
learning activities. 
 
Effectiveness of Learning Tools 

The practicality of PBL model learning tools based 
on the STEAM approach is viewed from two aspects, 
namely student activities and critical thinking tests. The 
purpose of the student activity observation sheet is to 
evaluate the efficiency of the developed learning tools by 
assessing student engagement during the learning 
process. Observations were carried out in three 
meetings. The results obtained from observers can be 
seen in Figure 4. 

Based on Figure 4, student activity in PBL model 
learning based on the STEAM approach is in the 
excellent category, with an overall average of 91.67%. 
The first meeting had an average percentage of student 
activity of 87.50%, the second meeting had an average 
percentage of student activity of 90.91%, and the third 
meeting had an average percentage of 96.59%. 

The critical thinking test of students in this study 
was obtained through a multiple-choice test with ten 
questions given to 30 students after going through three 
learning or treatment activity meetings. This critical 
thinking test was carried out to determine the level of 
effectiveness of the PBL model learning tools based on 
the STEAM approach that had been developed. Before 
carrying out the treatment, the researcher gave a pretest 
to the students as an initial score, which aimed to 
determine the students' critical thinking abilities as a 
comparison material for whether the learning tools 
developed by the researchers were practical or not after 
the treatment was carried out. After the learning tools 

were developed, the researcher gave a posttest to 
students as an evaluation of the learning activities that 
had been carried out. The average results of pretest, 
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posttest and N-Gain can be seen in Table 8. 
 

Figure 4. Graph of Student Activity Percentage 

 

Table 8. Percentage of Critical Thinking Tests 
Pretest Posttest N-Gain Criteria 

30.33 79.33 0.71 High 

 
Table 8 shows that the average pretest score was 

30.33%. After treatment, there was an increase in critical 
thinking skills by 49.00% to 79.33%, meeting the good 
criteria, as well as the overall average score of students' 
critical thinking test results on the model. PBL based on 
the STEAM approach using N-Gain analysis was 0.71 
and met the high criteria. 

 
Figure 5. Graph of Students' Critical Thinking Ability 

 

The average results of the student's critical thinking 
ability pretest answers are based on Figure 5, that the 
highest percentage is the interpretation indicator of 
35.00%, the explanation indicator of 33.33%, the analysis 
indicator of 31.67%, the evaluation indicator of 26, 67% 
and the lowest inference indicator was 25.00%. The 
average results of the post-test answers on students' 
critical thinking ability showed that the highest 
percentage of indicators were interpretation indicators 
at 91.67%, analysis indicators at 90.00%, explanation 
indicators at 86.67%, evaluation indicators at 76.67%, 
and the lowest inference indicator was 56.67%.  

 
Discussion 

Development research is a systematic series of 
actions aimed at creating a novel product or enhancing 
an existing one, with the outcomes being measurable and 
verifiable. In development research, researchers are 
faced with the steps of designing, compiling, and 
implementing a particular product to be tested and then 
revised. This explanation illustrates that to produce 
quality learning tools, development needs to be carried 

out gradually and continuously by going through 
various stages of testing and revision until a better 
learning tool is produced (Sugiyono, 2016). 

The quality of the developed learning tools is 
determined by their adherence to three criteria: validity, 
practicality, and effectiveness (Rahayu, 2016). Based on 
the explanation above, in this research, validation 
analysis, practicality analysis, and effectiveness analysis 
have been carried out on the PBL model learning tools 
based on the STEAM approach developed in this 
research. The learning tools in question are Learning 
Implementation Plans, Student Worksheets, Teaching 
Materials and Critical Thinking Tests.  

 
Validity of Learning Tools  

The validity of using learning tools is determined 
by professional judgment and a thorough evaluation of 
each element of the tools that have been developed. The 
aspects examined by experts involve the construction, 
content, language and presentation of each learning tool 
instrument. In accordance with Fatmawaty's perspective 
(as quoted in Hadis et al., 2022), the suitability of the 
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relationship between the components in the 
development of learning tools and the characteristics of 
the learning model integrated into the learning process 
will determine the level of validity of the learning tools 
(Buhungo et al., 2021; Hadis et al., 2022). 

Based on the results of the assessment of learning 
tools using the STEAM approach in the PBL model, a 
number of notes have been provided by the validator as 
a guide for improvements that researchers will make. 
Evaluation by experts of each component of the learning 
tool, including the Learning Implementation Plan, 
Student Activity Sheets, teaching materials, and critical 
thinking skills tests, provides a comprehensive picture 
involving in-depth analysis and recommendations for 
improvement. Within the framework of evaluating the 
Learning Implementation Plan, several aspects are the 
focus of improvement. According to the expert's 
assessment of the Learning Implementation Plan, the 
first suggestion for improvement highlights the use of 
sentences with subject, predicate, object and adverb 
patterns that are in accordance with Indonesian 
grammatical norms. The second suggestion for 
improvement emphasizes phase 1 of preliminary 
activities, where the teacher's activities in presenting the 
problem need to be explained more specifically. The 
third suggestion is related to improvements to 
Competency Achievement Indicators, which must be 
described in accordance with Basic Competencies, and 
the fourth suggestion for improvement emphasizes the 
principle of formulating learning objectives that include 
ABCD elements (Audience, Behavior, Condition, and 
Degree). 

Expert evaluation of the Learner Activity Sheet 
highlighted two leading suggestions for improvement. 
The first suggestion for improvement emphasizes the 
importance of developing Student Activity Sheets that 
better reflect the application of the PBL model in the 
learning process. The second suggestion for 
improvement highlights the need to ensure that the 
issues raised in the Learner Activity Sheet are in line 
with the learning objectives. 

Expert assessment of teaching materials 
emphasizes the need to improve the quality of images by 
ensuring the clarity and reliability of image sources, as 
well as verifying that the information conveyed through 
images can be appropriately understood by students. 
Therefore, in the process of updating teaching materials, 
it is essential to ensure that the sources used for images 
and other content can be verified and have a high level 
of accuracy. The use of reliable sources will increase the 
credibility of teaching materials and ensure that students 
can rely on the information presented. 

Expert assessment of the Critical Thinking Skills 
Test resulted in the first recommendation for 

improvement related to the test's consistency with 
critical thinking indicators. Therefore, it is essential to 
ensure that each question on the test accurately 
measures the various aspects of the critical thinking 
skills it is intended to test. Question modifications are 
required to match the critical thinking indicators that 
have been established. The second improvement 
recommendation highlights the importance of adjusting 
the difficulty level of questions. Therefore, it is necessary 
to revise the difficulty level of the questions to ensure 
that the test can thoroughly identify and measure the 
level of students' critical thinking skills. This adjustment 
involves further analysis of the relative difficulty level of 
each question and adjusting the difficulty level as 
needed. Following input and suggestions from several 
validators, researchers carried out revisions as an 
improvement step. As a result, the learning tools that 
have been developed are considered valid after several 
changes and meet the very valid criteria, so they are 
ready to be used at the next stage. 

 
Practicality of Learning Tools  

The practicality of learning tools is obtained 
through analysis of learning implementation and 
student response questionnaires in the learning process. 
The learning tools developed are practical if experts or 

practitioners state that the learning tools can be applied 
and used in the field. The practicality of learning tools in 
this research consists of two aspects, namely, analysis of 
learning implementation and analysis of student 
response questionnaires (Chairunnisa et al., 2022). 

Based on the observation sheet on the 
implementation of learning carried out by two observers 
on the researcher, the results obtained were that for 
observer one at the first meeting, the researcher did not 
carry out three learning steps out of a total of 22 learning 
steps, thus obtaining a learning implementation 
percentage of 86.36%. Furthermore, for the second 
meeting, based on observer 1's observations, the 
researcher did not carry out two learning steps out of a 
total of 22 learning steps, thus obtaining a learning 
implementation percentage of 90.91%. Furthermore, for 
the third meeting, based on observer 1's observations, 
the researcher carried out all the learning steps, totaling 
22, with a percentage of 100%. Apart from that, based on 
the learning implementation observation sheet carried 
out by observer two at the first and second meetings, the 
researcher did not carry two learning steps out of 22 total 
learning steps, thus obtaining a learning implementation 
percentage of 90.91%. Next, for the third meeting, the 
researcher carried out all the learning steps with a 
learning implementation percentage of 100% for each. 
Based on the observations of the two observers during 
the learning process, which was carried out over three 
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meetings, the average percentage of learning 
implementation was 93.08% in the excellent category. 

This excellent category in terms of learning 
implementation reflects the high level of practicality of 
the learning tools developed. A high level of 
implementation can support learning effectiveness, 
increase student participation, and create a stimulative 
learning environment (Ramdani et al., 2019). Therefore, 
the observation results, which show the implementation 
of learning in the excellent category, provide empirical 
support for the practicality of PBL model learning tools 
based on the STEAM approach in improving the 
learning process. In reviewing aspects of the PBL 
learning steps, the results of observations showed that 
the implementation of learning in the first to third 
meetings reached the excellent category. The PBL 
learning steps implemented, such as student orientation 
to problems, group formation, independent exploration, 
and presentation of results, are implemented with a high 
level of implementation. 

Meanwhile, aspects of the STEAM approach to 
learning also show a high level of implementation. 
Observations at the three meetings reflect good 
integration between science, technology, arts, 
engineering and mathematics in the learning process. 
STEAM steps are applied consistently, such as 
identifying complex problems, using technology as a 
tool, and integrating art elements. The results of this 
research also show the suitability of integrating the 
STEAM approach into PBL learning. Observations at the 
third meeting, which achieved the highest 
implementation, showed that teachers were able to 
integrate STEAM principles more deeply as time went 
by. Thus, these results provide empirical support for the 
successful integration of the STEAM approach in the 
development of learning tools. 

Overall, the results of this research strengthen 
empirical evidence regarding the practicality of PBL 
model learning tools based on the STEAM approach. 
The high level of learning implementation, especially at 
the third meeting, shows that this approach can be 
implemented effectively and efficiently in the context of 
Sound Wave learning. By referring to literature findings 
and previous research results, the learning tools 
developed are able to create a learning environment that 
supports, challenges and motivates students. 

Apart from the implementation of learning, the 
practicality of learning tools is measured using a student 
response questionnaire. The student response 
questionnaire to the PBL model based on the STEAM 
approach received a very positive response from 
students. The results of students' responses to the 
learning tools developed based on the results of the 
questionnaire describe the positive impact on the 

practicality of these learning tools. In particular, in the 
aspect of convenience, students gave a response 
percentage of 86.67%, indicating that the learning tools 
were considered easy to understand and implement. 
Ease of use of learning devices can increase student 
interest and participation (Dewi & Akhlis, 2016). 

The enthusiasm aspect, with a student response 
percentage of 93.33%, shows the high level of motivation 
generated by the learning tools. These positive results 
show that the STEAM-based PBL approach can 
stimulate students' enthusiasm for learning. In the 
motivated aspect, the percentage of student responses 
was 86.67%. PBL learning approaches that are 
interesting and relevant to students' daily lives can 
increase their motivation in learning (Suari, 2018). 

Even though the percentage of student responses in 
the aspects of involvement and level of difficulty was 
83.33% and 13.37%, respectively, these results can still be 
interpreted as positive. High student involvement 
reflects the effectiveness of learning tools in maintaining 
active participation. At the same time, a low level of 
difficulty can indicate the ease of students carrying out 
each step of PBL learning based on the STEAM 
approach. Overall, the results of the student response 
questionnaire confirmed that this learning tool was 
practical and received positive responses from students. 
By referring to literature findings and previous research 
results, it can be concluded that PBL model learning 
tools based on the STEAM approach can motivate, 
involve and support student learning effectively. 

 
Effectiveness of Learning Tools  

The effectiveness of the PBL model learning tools 
based on the STEAM approach that was developed was 
seen from the students' activities, which two observers 
observed through observing all students' activities at the 
learning stages or steps, including preliminary activities, 
core activities, and closing activities. The results of 
observations of student activities in learning show a 
high level of effectiveness of learning tools, with an 
average percentage of 91.67% and an excellent category. 
Observations were carried out in three meetings, 
producing consistent data describing the level of student 
participation and involvement. At the first meeting, 
student activity reached an average percentage of 
87.50%, indicating a good level of participation in 
STEAM-based PBL model learning. Increased activity 
was seen at the second meeting, where the average 
percentage reached 90.91%, and it reached its peak at the 
third meeting, with an average percentage of 96.59%. 

Factors supporting the effectiveness of student 
activities in learning can be identified through the 
context of these observations. First, the PBL model 
provides space for students to actively participate in 
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solving problems, collaborating with group friends, and 
developing solutions. The application of PBL in learning 
can increase the level of student participation and create 
an interactive learning environment. Second, the 
STEAM approach to learning provides an additional 
dimension that supports student engagement (Putri et 
al., 2015). The STEAM approach to learning provides an 
additional dimension that supports student 
engagement. The integration of science, technology, art, 
engineering and mathematics creates diverse and 
exciting learning (Nurhikmayati, 2019). 

At the third level, the percentage of student activity 
reached 96.59%, indicating the peak of student 
involvement in learning. This can be caused by students' 
adaptation to the teacher's learning model and teaching 
style, along with the progress of learning that occurs. 
Factors such as adaptation and progressiveness in 
learning can increase the level of student engagement 
(Zubaidah, 2019). Thus, the results of observing student 
activities in learning provide a positive contribution to 
understanding the effectiveness of learning tools. By 
referring to previous literature and research findings, 
the combination of the PBL model and the STEAM 
approach can create a learning environment that is 
dynamic, interactive, and supports student 
involvement. 

The effectiveness of the PBL model learning device 
product based on the STEAM approach that was 
developed, apart from being reviewed in terms of 
analyzing student activities, was also analyzed, as well 
as the results of critical thinking tests. The results of the 
critical thinking test are determined by the effectiveness 
category through the N-Gain test of 0.71 with high 
criteria. The average results of the pretest answers to 
critical thinking skills in students show that the highest 
percentage is the interpretation indicator of 35.00%, the 
explanation indicator of 33.33%, the analysis indicator of 
31.67%, the evaluation indicator of 26.67% and the 
lowest inference indicator is 25.00%. The average results 
of the post-test answers on students' critical thinking 
ability showed that the highest percentage of indicators 
were interpretation indicators at 91.67%, analysis 
indicators at 90.00%, explanation indicators at 86.67%, 
evaluation indicators at 76.67%, and the lowest inference 
indicator was 56.67%. Based on the results of calculating 
critical thinking indicators, there has been an increase in 
students' critical thinking abilities. 

PBL model learning tools based on the STEAM 
approach have succeeded in proving their effectiveness 
in improving students' critical thinking skills. This 
increase can be explained through supporting factors 
that specifically influence each indicator of critical 
thinking skills. First, in the aspect of interpretation, the 
PBL approach provides space for students to interpret 

information in depth through problem-solving and 
independent exploration (Akmalia et al., 2016). Second, 
in the analytical aspect, PBL encourages students to 
analyze information more critically, and collaboration in 
groups broadens the analytical perspective (Habibah et 
al., 2022). 

In the explanation aspect, the STEAM approach 
facilitates students' ability to explain complex concepts 
through a creative and interdisciplinary approach 
involving art, engineering and science (Kurnia, 2021). 
Despite improvements in inference aspects, supporting 
factors may require additional approaches. Developing 
inference skills requires providing opportunities for 
students to make conclusions and relate existing 
information by emphasizing the importance of inference 
skills in critical thinking, which can be used as a basis for 
identifying steps for improvement in this aspect. Thus, 
this learning tool has holistically created a learning 
environment that stimulates and supports the 
development of students' critical thinking skills. These 
findings are in line with literature that highlights the 
effectiveness of the PBL approach and STEAM 
integration in improving students' critical thinking 
abilities (Facione, 2011). 
 

Conclusion  

 
Based on the description of the discussion 

regarding research on the development of PBL model 
learning tools based on the STEAM approach towards 
students' critical thinking abilities in sound wave 
material using the ADDIE development research model, 
it has met valid, practical and effective aspects for use in 
learning. Obstacles or constraints were found during the 
implementation of the PBL model based on the STEAM 
approach. The obstacle faced is the use of insufficient 
time in the learning process, so the learning process 
cannot be completed according to the allocated time. 
This is because students still need to become familiar 
with the PBL model learning process based on the 
STEAM approach. 
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