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This study was conducted to determine the characteristics of learning media by 

producing a thermodynamic physics e-book with local wisdom of STEAM-PjBL-based 

brick making process that is feasible, practical and effective in improving computational 

thinking skills in learning for grade XI high school students. This research is a 

development-research that uses the ADDIE model. Field trials were conducted using 

pre-test -post-test control group design. The assessment instruments, feasibility and 

practicality, were validated by 7 experts based on categories; material experts and media 

experts. A total of 107 students from 3 XI classes of SMA Negeri 1 Cepu became 

subjects in the field trial consisting of 35 students of experimental class 1, 36 students 

of experimental class 2, 36 students of control class. The data collection technique used 

was cluster random sampling. Data were collected through observation and interviews, 

questionnaires, and computational thinking skills test questions which were analysed by 

ANOVA test. The results showed that; i) the product of thermodynamic physics e-book 

with local wisdom of brick making process based on STEAM-PjBL has interactive 

characteristics, adds students’ skills, provides new learning experiences, and improves 

students’ computational thinking skills. Which is proven by the feasibility value in the 

category of very good on the material 3.85, 3.95 media, 4.00 practicality, and 3.96 

readability. ii) proven effective in improving computational thinking skills as evidenced 

by the results of the ANOVA test which provides a significant difference in the 

application of the product to computational thinking skills as evidenced by the n-gain 

score of 0.66 (medium). The implications of this research are; i) to be an innovative 

solution in physics learning in encouraging character building and computational 

thinking skills that are relevant in the 21st century. ii) to support the existence of the 

Meredeka Curriculum and the strengthening of the Pancasila Student Profile through 

the integration of local culture and IPAS learning (physical science and socio-culture). 
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Introduction 

The development of computational thinking skills is one of the knowledge 

developments in the field of science and technology education in the 21st century. Therefore, 

students must be prepared with computational thinking skills to be utilised against the 

development of science and technology in solving complex problems in life (Fukuyuma, 2018). 

The 21st century life skills are known as 4C (Creativity, Critical Thinking, Communication, 

Collaboration) (Archiyesa, 2019). However, along with the increasing use of technology in 

learning, the 4C competencies are now increasingly developing into 6C which include; (Critical 
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Thinking Skills, Creative Thinking Skills, Communication Skills, Collaboration Skills, and 

Computational Thinking) (UNESCO, 2018). 

Computational thinking is the concept of learning to formulate problems 

computationally and thinking through algorithmic processes systematically by solving 

problems in various contexts, until a solution is obtained (Cansu, 2019). Computational 

thinking was chosen because it can help students become the seeds that produce great ideas, 

foster creativity, express themselves in new ways, and understand the rapidly evolving world 

by thinking more critically (Papadakis, 2022). 

Research on the profile of computational thinking skills of high school students in 

Indonesia shows that the computational thinking skills of Indonesian students are still relatively 

low. This is supported research by Litia (2023) which explains that 25% of SMAN 1 Langsa 

students have low computational thinking ability and only 33.3% have high ability. Then the 

results of research by Nuvitalia (2022) also explained that the computational thinking ability of 

junior high school students in Semarang city was still relatively low with a score of 54.97. This 

means that if at the junior high school level it is not satisfactory, then at the high school level it 

is feared that students will also experience the same or even more complex difficulties if 

appropriate learning interventions are not made. This is because at the high school level, 

computational thinking skills become increasingly strategic to prepare, because this phase is a 

transition period to the world of higher education and careers that increasingly demand critical 

thinking, algorithmic, and problem-solving skills covered in computational thinking skills. 

Therefore, there is a need for innovative learning media that not only facilitates concept 

understanding, but also develops these high-level thinking skills, one of which is through the 

integration of the STEAM-PjBL approach in contextual and locally-content e-book media. 

Computational thinking can be associated with mathematical literacy because the 

concept of physics is an important integration in using various mathematical calculations 

(numeracy). According to data from the PISA (Programme for International Student 

Assessment) in 2022, the achievement of Indonesian students in mathematical ability obtained 

a score of 366 (OECD, 2023). Where Indonesia is still in position 69 out of 80 countries. 

Although ranked high, in 2018 it was only ranked 72 out of 78 countries, with a higher score 

of 379 (Schleicher, 2019). The factor of the decline in the score was influenced by the Covid-

19 pandemic in 2019 to 2020 (Hakim, 2023). So that it can cause the ability of Indonesian 

students to experience learning loss (Madhakomala et al., 2023). To overcome this in the world 

of education, the government through the Ministry of Education and Culture launched an 

emergency curriculum known as the “Merdeka Curriculum”. 

The Merdeka curriculum gives schools the freedom to shape students to face global 

competition by utilising information technology to support learning. One of the special aspects 

determined by the government as Indonesia's identity in the independent curriculum is the 

development of student character through; the Pancasila Student Profile Strengthening Project, 

known as “P5” (Kemdikbud, 2022). P5 in the independent curriculum is an interdisciplinary 

project based on the context of community needs as well as analogies of issues in the 

environment. 

Local wisdom is the result of knowledge, wisdom, values and practices passed down 

from predecessors in a particular community or society. It is usually related to; ways of life, 
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traditions, norms, beliefs and knowledge systems that develop locally in a region or culture 

(Simajuntak et al., 2014). One form of local wisdom found in each region such as; making batik 

tulis Yogyakarta and making gamelan related to traditional aspects and art that form a local 

identity (Setianingrum & Jumadi, 2023). In addition, the process of making roof tiles in Kudus 

district is a source of knowledge derived from local identity (Najib, 2018). The making of 

pottery and furniture in the Jepara region as a result of research Anisa (2017) also revealed that 

it can improve critical thinking skills in students. 

In physics learning at school, it can also integrate local wisdom by linking culture and 

hereditary activities. One of them is the process of making bricks (Mufidah et al., 2023). 

According to Najib (2018), local wisdom can be used as an additional teaching material in 

physics learning that is appropriate for improving students' reasoning and problem solving 

skills. The two research results are supported by preliminary research that has been conducted 

in the pilot school, confirming that, 95% of physics teachers in the Cepu city area and 89% of 

students out of 107 total students agree if integrating the potential of local wisdom in physics 

learning, 95% of physics teachers and 87% of students agree if physics learning uses e-books 

containing local wisdom of the brick making process (Putri & Rosana, 2024). This is not only 

limited to integrating local wisdom of regional culture in physics, but has many relevances as 

written by Putri & Rosana (2024), including; 1) from visualisation and contextualisation of 

thermodynamic physics concepts, 2) relevance to everyday life with the integration of local 

wisdom makes learning more meaningful and students can relate theory to practice, so that 

students experience a structured and systematic thinking process in solving problems, 3) 

strengthening the Pancasila student profile that helps students recognise and appreciate cultural 

heritage, 4) increasing interest in learning because interactive e-books are rich in animation and 

visualisation so as to support their independence and creativity. So this is in line with the 

understanding of the concept of computational thinking and the application of the independent 

curriculum. 

Physics phenomena that are closely related to everyday life besides mechanics, light and 

sound are also thermodynamics. Thermodynamics is an understanding of physics concepts, 

such as; systems, environment, work, heat and temperature changes that have practical 

applications in the real world. One of the home industries related to the understanding of 

thermodynamics that can improve production efficiency is the brick making process (Naibaho 

et al., 2023). Professor Smith (2022) book, an expert in thermodynamics, found that applying 

the principles of thermodynamics in managing the temperature in a kiln (oven) has the potential 

to manage the energy consumption required during the firing process more efficiently, resulting 

in a higher quality product. With this, aspects of Thermodynamic Physics are present in the 

brick making process. 

E-books are electronic or digital versions of books that contain interactive material and 

can be operated with an android or computer. The e-book in question currently has epub, html5, 

rtf, swf, and QR Code formats. In addition, Matloob (2015) explains that e-books have 

differences with ordinary printed books, namely; there are text, images, animations, sounds, 

and other multimedia combinations. The use of e-books involves the use of technological tools 

to access them (Al Saadi et al., 2017), such as mobile phones, computers and laptops. Most e-

books used to be easily accessible on hardware are in pdf form. However, the disadvantage is 
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that pdfs are not interactive & do not offer multimedia, because pdfs are like ordinary printed 

books that are only moved on hardware to make it easier for readers. 

Some previous studies have shown that the integration of local wisdom in learning has 

a positive impact on student learning outcomes. Research by Ardianti (2019) provides 

information that a learning system that applies local potential (ethno-edutainment) can improve 

student learning outcomes by integrating existing regional potential. Research by Huda (2020) 

also found that using additional teaching materials based on local wisdom proved effective in 

improving high school physics learning outcomes. Research by Setianingrum (2023) shows that 

using local wisdom e-book media for making gamelan with the STEAM-POE approach can 

improve student learning outcomes in science lessons. Similarly, Herianto (2020) stated that 

using interactive e-book learning media based on local wisdom of gamelan making can help 

facilitate and improve science learning outcomes. However, of the four studies, no one has 

specifically developed thermodynamic physics learning media that contains local wisdom of 

the brick making process with the STEAM-PjBL approach. This is where the novelty of this 

research lies, namely; combining local cultural elements of the brick-making process in an 

interactive physics e-book with the STEAM-PjBL approach that not only improves learning 

outcomes, but also develops and then measures computational thinking skills. 

Therefore, it is very important to examine how the development of thermodynamic 

physics e-books with local wisdom of the brick making process can be applied to high school 

students. The development in question is an attempt to improve students' computational 

thinking skills through additional teaching materials in the form of e-books. The type of 

learning model applied in this e-book is STEAM-PjBL. The combination of learning 

approaches and learning models has a complementary syntax when applied in learning with 

local wisdom, adjustments to the independent curriculum (supporting 21st century progress) 

and computational thinking (Ifriliya et al., 2022; Setianingrum & Jumadi, 2023; Taylor, 2016). 

This research has problem formulations including; i) How feasibility, practicality, and 

effectiveness of thermodynamic physics e-book with local wisdom of brick making process can 

improve students' computational thinking ability? ii) Does the treatment with thermodynamic 

physics e-book with local wisdom have differences in pre and post test scores of computational 

thinking ability of high school students separately in each experimental class? 

 

Method 

This type of research is research and development (R&D). R&D research is research 

used to develop a particular product to support and facilitate all forms of human activity. The 

development model used in this research is the ADDIE development model. The ADDIE model 

has 5 stages, including; analysis, design, development, implementation, and evaluation 

(Branch, 2009). The following is presented in Figure 1 which is a scheme of the core ADDIE 

model development research procedures carried out. 
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Figure 1. Schematic of The ADDIE Model Development Research Procedure 

The components of the e-book development and its instruments have been validated by 

5 expert lecturers and 2 practitioners (physics subject teachers). The use of 7 validators in the 

process of validating products and research instruments is based on the principle of expert 

triangulation which aims to ensure the content validity of the components developed. Where 

the 7 validators act as; learning media experts, learning evaluation assessment experts, 

indigenous knowledge in science experts and physics material experts. While 2 of the 7 

practitioners as validators act as physics teachers who provide a practical perspective on the 

media before implementation, and media when implemented in terms of product practicality in 

learning at school. 

The trial subjects in this study were divided into two types, namely; limited trials and 

field trials. The limited trial involved 1 class at SMA Negeri 1 Cepu Blora which was divided 

into 3 categories, namely; 5 high ability students, 5 medium ability students, and 5 low ability 

students. Meanwhile, the field trial involved 107 students with 3 test groups, which included; 

control class, experimental class 1, and experimental class 2. The field trial was conducted at 

SMA Negeri 1 Cepu class XI semester 2 of the 2023/2024 school year, each of which consisted 

of; 35 students in experimental group 1, 36 students in experimental group 2, and 36 students 

in the control group. 

The research design consisted of; experimental group 1 using e-book physics 

thermodynamics charged with local wisdom of brick making process, experimental group 2 
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using a brief power point about physics thermodynamics charged with local wisdom of brick 

making process, and control group using conventional media and methods commonly used by 

teachers. The sampling technique used was cluster random sampling with a pretest-posttest 

control group design. The following Table 1 shows the research design. 

Table 1. Pre-test-Post-test Control Group Design 

Group Pretest Treatment Posttest 

E1 O1 X1 O2 

E2 O1 X2 O2 

C O1 X3 O2 

Modified from (Chawla & Sodhi, 2018) 

Information: (E1: Experiment 1; E2: Experiment 2; C: Control) 

 

This study aims to determine the feasibility of thermodynamic physics e-book with local 

wisdom of brick making process in improving computational thinking ability and the effect of 

developing thermodynamic physics e-book with local wisdom of brick making on improving 

students' computational thinking ability. This study consists of one independent variable (the 

use of media in the form of e-books) and one dependent variable (computational thinking 

ability). At the end of the 4th meeting, the use of e-book media was compared with teaching 

media in the form of power point and convention books commonly used by teachers. It is 

intended to see which media is more influential on students' computational thinking ability. 

This study used two techniques in data collection, namely in the form of tests and non-

tests. The test was used to measure the ability of computational thinking after the use of physical 

e-book of thermodynamics with local wisdom of brick making. The test questions used were in 

the form of multiplechoice questions as a measuring tool for cognitive abilities of computational 

thinking, which consisted of 25 items per package. There are 2 packages of questions with 5 

anchor items in it. Anchor items are items used to link package A and package B so that the 

score can be equalised, between package A and package B. The maximum number of anchor 

items is 20%. The maximum number of anchor items is 20% of the total items in each package. 

Furthermore, for the indicators of computational thinking ability before being used, researchers 

synthesised indicators first from several experts. So that researchers found the indicators used, 

namely; abstraction, decomposition, algorithmic thinking, pattern generalisation, and 

evaluation. 

 While for non-test data collection, namely in the form of a questionnaire used in 

evaluating the feasibility and practicality of the material aspects and media aspects in the e-

book developed. Critical thinking skills assessment instruments and product validation, 

including; feasibility assessment sheets by media experts and material experts, practicality 

assessment sheets by physics subject teachers and student computational thinking assessment 

sheets. 

The data analysis technique used consists of; 1) qualitative results data in the form of 

suggestions and comments as material improvements coming from material experts, media 

experts, and practitioners during the development process and product trials of thermodynamic 

physics e-books loaded with local wisdom of the STEAM-PjBL-based brick making process. 

2) quantitative result data in the form of scores which are then calculated and interpreted 



Development of thermodynamic physics……………………………………………………… Putri, N.E., Rosana, D., & Nuroso, H. 

 

 
Thabiea : Journal of Natural Science Teaching 

-98- 

descriptively, which comes from validation and assessment of media quality in the form of 

thermodynamic physics e-books with local wisdom in the STEAM-PjBL-based brick making 

process by media experts, material experts and practitioners. 3) to determine the pretest-posttest 

differences in computational thinking skills in each treatment, using the SPSS 23 programme 

with ANOVA analysis of variance test. Before conducting ANOVA analysis, the assumption 

test was conducted first to determine normality and homogeneity. The results can be seen in 

Table 2. 

Table 2. The Normality and Homogeneity Test 

Group 
Pretest Posttest 

Normality Homogeneity Normality Homogeneity 

E1 0,200 

0,486 

0,914 

0,857 E2 0,065 0,318 

C 0,062 0,074 

 

Based on the results of table 2 shows that, all assumption tests have been met, that (p > 

0.05), so that means it can be continued with ANOVA analysis. Meanwhile, the effectiveness 

analysis technique of learning using e-book physics thermodynamics media, power point media 

and conventional media usually carried out by teachers is calculated based on the n-gain score 

value using the equation belonging to (Hake, 1999) which is shown as follows: 

〈𝑔〉 =
𝑝𝑜𝑠𝑡𝑡𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒

𝑀𝑎𝑥 𝑆𝑐𝑜𝑟𝑒 − 𝑃𝑟𝑒𝑡𝑒𝑠𝑡 𝑆𝑐𝑜𝑟𝑒
 

 

Then the results are determined by the criteria of how far the improvement in students' 

computational thinking. The criteria for the normalised gain value <g>, are as follows: 

Table 3. Gain Normalisation Value Categories <g> 

Effect Size Categories 

g ≥ 0,7 High 

0,3 ≤ g < 0,7 Medium 

g < 0,3 Low 

         (Hake, 1999) 

Then for the data analysis technique used in processing the results of the feasibility and 

practicality test refers to Mardapi (2018), which is then made an assessment conversion on a 

scale of four. The results of the score analysis can be shown in Table 4 below. 

Table 4. Formulation of Media Eligibility and Practicality Criteria Based on Average Score 

Conversion into Categories 

No. Formula Interval Score Categories 

1 𝑋 ≥ 𝑋̅ + 1.5 𝑆𝐵𝑋 𝑋 ≥ 3.00 Very Good 

2 𝑋̅ + 1.5 𝑆𝐵𝑋 > 𝑋 ≥ 𝑋̅ 3.00 > 𝑋 ≥ 2.50 Good 

3 𝑋̅ > 𝑋 ≥ 𝑋̅ − 1.5 𝑆𝐵𝑋 2.50 > 𝑋 ≥ 2.00 Fair 

4 𝑋 < 𝑋̅ − 1.5 𝑆𝐵𝑋 𝑋 < 2.00 Deficient 
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Informastion: 

𝑋 = score achieved 

𝑋̅ = average overall score (
1

2
(max 𝑠𝑐𝑜𝑟𝑒 + min 𝑠𝑐𝑜𝑟𝑒)) 

𝑆𝐵𝑋 = standard deviation of overall score (
1

6
(max 𝑠𝑐𝑜𝑟𝑒 − min 𝑠𝑐𝑜𝑟𝑒)) 

Learning products containing local wisdom in the form of e-books are said to be feasible 

if they fulfil at least the “good” category. 

 

Results and Discussion 

Product Characteristics Description 

The development of media in the form of e-book Physics Thermodynamics with local 

wisdom of brick making process based on STEAM-PjBL aims to produce products that are able 

to become additional media in the physics learning process. In addition, it can introduce 

teachers and students to the characteristics of the media developed with conventional learning 

media. Because the media developed is interactive, collaborative, and forms students to be able 

to solve everyday life problems with computational thinking skills through local wisdom of the 

brick making process. 

The main characteristics of the media in the form of this e-book, include; the material 

is contextual, contains local wisdom, namely the process of making bricks, diverse media 

interactions that make students more active, then the focus of product development on 

computational thinking skills applied to the brick making process which aims to train 

logarithmic thinking skills in students. Adopting between approaches and learning models in 

facilitating learning, namely with the STEAM approach and project-based learning model 

(PjBL). Because the STEAM approach (Science, Technology, Engineering, Art, Mathematic) 

provides knowledge as well as skills that are not only in the scientific aspect, but also art to 

train students' skills, creativity and imagination (Cross et al., 2016; Pratidhina et al., 2022). 

Meanwhile, the PjBL learning model supports the STEAM approach, which can encourage 

students to be actively involved in conducting learning projects and train their skills to create 

and produce something independently, and solve problems independently to support the 

progress of the 21st century (S. Lestari, 2021; Setyani et al., 2024). Thus, through the 

combination of this approach and learning model can train students from the cognitive and 

psychomotor aspects. The following Figure 2 shows the display of the results of the 

development of learning media in the form of an e-book of thermodynamic physics of the brick 

making process. 
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Figure 2. Display of Thermodynamic Physics E-book Development Results 

Reviewing from Figure 2 above, additional learning resources in the form of a 

thermodynamic physics e-book containing local wisdom of the STEAM-PjBL-based brick 

making process were developed in the hope that it could be a solution to the limited student 

learning media containing local wisdom of physics which aims to improve computational 

thinking skills. In this additional media, activities are also given in the form of projects that 

contain STEAM aspects of the brick making process. This aims to train students' skills and 

improve their computational thinking ability. 

Interactive content in the thermodynamic physics e-book with local wisdom in the 

STEAM-PjBL-based brick making process provides learning that is contextual, interactive and 

interesting for students to improve their skills through project-based learning. In addition, 

students also learn from aspects contained in STEAM, adding student involvement which is the 

main point to train students’ algorithmic thinking, so that students’ computational thinking 

skills can increase. One of them is supported by the use of multimedia elements which include 

the use of images, videos of brick making and animation. The use of interactive content can 

help students become more actively involved in learning and the understanding gained will be 

more in-depth related to thermodynamic physics when applied in the context of local wisdom 

of the brick making process. In line with research that conveyed that Lestari (2021) with the 

combination of STEAM-PjBL in an effort to improve 21st century skills in physics learning 

proved to have a significant impact on interactive teaching, training skills and students' thinking 

abilities, namely in the context of computational thinking. 

Cases that are authentic: A thermodynamic physics e-book with the theme of local 
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wisdom of brick-making process based on project with STEAM approach. The topic was raised 

with the aim of triggering students to think computationally and creatively by applying their 

science knowledge to solve problems in life. It aims to help train students' problem solving, 

think more structurally, and add to their skills. In line with the research of Ifriliya (2022 & 

Pratidhina (2022) which revealed that project-based physics learning and the application of 

STEAM can help improve students‘ skills in improving students’ computational thinking 

ability (algorithmic thinking). 

 

Product Eligibility 

The results of the validation of the thermodynamic physics e-book with local wisdom 

of the STEAM-PjBL-based brick making process, obtained from research and validation by 

material experts and media experts. The validation process is carried out to ensure that the 

materials and media developed are in accordance with the standards and have good quality to 

support learning. Material experts assessed the quality of the visual display, the suitability of 

the learning design principles used, the suitability of the media with the technology used, and 

the interactivity. Meanwhile, the material experts assessed the aspects of; content suitability to 

the curriculum, material accuracy, depth and breadth of material, linkage to local wisdom of 

the brick making process, suitability to the chosen learning model. The results of the validation 

by the material expert group can be displayed in Table 5 below. 

Table 5. Results of Expert Validation of Thermodynamic Physics E-Book Material Aspects 

Aspect Score Average Value Categories 

E-Book Components 3,92 A Very Good 

Content Eligibility 3,95 A Very Good 

Language 3,71 A Very Good 

Presentation 3,85 A Very Good 

Coverage of STEAM Approach 3,85 A Very Good 

Coverage of the PjBL Model 3,80 A Very Good 

Achievement of Local Wisdom in 

the Brick Making Process 
3,92 A Very Good 

Coverage of Computational 

Thinking Skills 
3,88 A Very Good 

Average Total 3,85 A Very Good 

 

Based on the results in Table 5, it can be seen that the feasibility of learning materials 

in the form of thermodynamic physics e-books with local wisdom in the STEAM-PjBL based 

brick making process was validated by 7 validators based on their expertise in the material 

before being tested. The e-book was developed, to be a supporting medium for the learning 

process of thermodynamic physics. The value of the feasibility of the material in the e-book is 

based on aspects; the components contained in the e-book are complete, content feasibility, 

language, presentation, coverage of the STEAM approach, coverage of the PjBL learning 

model, coverage of computational thinking skills and coverage of local wisdom in the brick 

making process. 

The results of the learning material assessment provide information related to all aspects 

assessed by the 7 expert validators by showing scores tend to be stable. The average score of 
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the 7 validators was 3.85 with a very good category, which can mean that the materials that 

have been developed are suitable for use in learning. There are several suggestions from 

material experts to make product improvements, including; the need to pay attention to the 

systematic writing of quantities and units in equations in e-books and question packages, 

making computational thinking questions into 2 packages to avoid cheating on student answers 

complete with the arrangement of each aspect, aspect indicators, grids & question indicators, 

and answer keys. Based on this description, it can be concluded that the material developed in 

the e-book of thermodynamic physics is very good and suitable for testing after going through 

the revision stage based on suggestions from validators. 

Table 6. Results of Expert Validation of E-Book Physics Thermodynamics Media Aspects 

Aspect Score Average Value Categories 

Language 3,92 A Very Good 

Presentation 4,00 A Very Good 

Graphics 3,85 A Very Good 

Distinctive features of thermodynamic 

physics e-books 
4,00 A 

Very Good 

Average Total 3,95 A Very Good 

 

Based on Table 6, it can be seen that the thermodynamic physics e-book media loaded 

with local wisdom of the STEAM-PjBL-based brick making process was validated by 7 

validators based on their expertise on the media before being tested. The average score obtained 

was 3.95, categorised as very good. This means that the developed thermodynamic physics e-

book is reliable and can be used as an additional medium for learning thermodynamic physics 

to measure the computational thinking ability of high school students. In addition, in the 

development of thermodynamic physics e-book with local wisdom content, it can not only 

convey physics material contained in the process of making bricks, but also must be able to 

provide student enthusiasm and be interactive to be able to add their skills so that students do 

not get bored quickly in learning. Media experts conducted an assessment of aspects; language, 

presentation, grammar, and characteristics of thermodynamic physics e-books. 

So that there are several suggestions from media experts to make product improvements, 

including; no need to include pre-test-post-test into the developed e-book and can be replaced 

with formative tests, mix and match shapes on the front cover title to make it look neater, need 

to pay more attention to the placement of product navigation buttons. Based on this description, 

it can be concluded that the media developed in the form of thermodynamic physics e-books 

are very good and are suitable for testing after going through the revision stage based on 

suggestions from validators. 

 

Practicality and Legibility of the Product 

The assessment of product eligibility is not only assessed by lecturers of material experts 

and media experts, but also its practicality is assessed by practitioners, namely physics teachers 

at the high school level. The data was obtained using a questionnaire to determine the 

practicality of the thermodynamic physics e-book with local wisdom content that has been 

developed with the aim of being an additional media for physics learning. In the practicality 
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questionnaire there are 7 aspects that are assessed, including; appearance, presentation of 

material, benefits, STEAM approach components, PjBL model components, local wisdom, and 

computational thinking skills. Table 4 below shows the results of the practicality assessment 

by physics subject teachers. 

Table 7. Results of Practicality Assessment of Thermodynamic Physics E-Book by Physics 

Teachers 

Aspect Average Score Value Categories 

View 3,95 A Very Good 

Material presetation 3,83 A Very Good 

Benefit 4,00 A Very Good 

STEAM approach components 4,00 A Very Good 

PjBL model components 4,00 A Very Good 

Local Wisdom 4,00 A Very Good 

Computational Thinking skills 4,00 A Very Good 

Total Average 3,97 A Very Good 

 

Table 7 shows that the practicality of the thermodynamics physics e-book enriched with 

local wisdom on the brick-making process is appropriate and aligned with the listed aspects and 

current technological developments. The teacher commented that, in terms of content, the 

thermodynamics e-book is excellent because it does not only focus on cognitive aspects but 

also emphasizes students’ psychomotor skills by encouraging learning through hands-on 

experience, thereby enhancing their skills. To support this learning activity, the student 

worksheet (LKPD) is designed in such a way that it aligns with the syntax of the STEAM-PjBL 

model, particularly through project-based learning centered on brick making. 

Table 8. Results of Analysis Readability Thermodynamic Physics E-Book by Student 

Aspect Average Score Value Categories 

Language 3,86 A Very Good 

Material presentation 3,93 A Very Good 

Graphical 3,93 A Very Good 

STEAM approach components 4,00 A Very Good 

PjBL approach components 4,00 A Very Good 

Local Wisdom 4,00 A Very Good 

Computational Thinking skills 4,00 A Very Good 

Total Average 3,96 A Very Good 

 

Table 8 presents the results of the readability analysis of the thermodynamics physics 

e-book enriched with local wisdom on the brick-making process. The e-book had been revised 

based on expert suggestions before being subjected to a limited trial with students. The media 

was tested on 15 eleventh-grade students from SMA Negeri 1 Cepu and evaluated using a 4-

point Likert scale questionnaire. The 15 students were selected based on their academic 

abilities: 5 high-performing students, 5 average-performing students, and 5 low-performing 

students, as categorized by the physics teacher using parallel subject mapping. 

 

This trial aimed to assess the readability of the developed thermodynamics e-book based 

on student responses. The overall average score given by the students was 3.96, indicating that 

the developed e-book was of very high quality. However, the language aspect received a 
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slightly lower average score of 3.86, as some students were reluctant to read the information 

provided in the e-book. Upon reviewing all seven assessed aspects, one contributing factor may 

be the students' low reading habits and a stronger preference for visual content over text, which 

influenced their perception of the e-book’s readability. This is supported by the graphical 

aspect, which received a score of 3.93. 

 

Field Testing Results 

The thermodynamics physics e-book, which had undergone revisions based on input 

from several experts, was subsequently implemented in the field trial phase. The purpose of the 

field trial was to evaluate the effectiveness of the thermodynamics e-book—integrated with 

local wisdom through the brick-making process and based on the STEAM-PjBL approach—in 

enhancing computational thinking skills among high school students. The field trial involved 

107 eleventh-grade students at SMA Negeri 1 Cepu, Central Java. The classes involved in the 

field trial included: Experimental Class 1 with 35 students, Experimental Class 2 with 36 

students, and a Control Class with 36 students. The data obtained from this field trial consisted 

of cognitive data related to students’ computational thinking skills. 

The initial step in the field trial was administering a pre-test on computational thinking 

skills. The purpose of the pre-test was to determine the students’ initial level of ability. The 

results of the pre-test data for each computational thinking indicator are presented in Figure 2 

below. 

 
Figure 2. Results of Pre-tetst for Each Computational Thinking Skill Indicator in Each Class 

 After the pre-test was administered, the students were given treatment through 

instruction in each class according to the predetermined conditions. The final step was 

administering a post-test in the form of a computational thinking skills assessment. The purpose 

of the post-test was to determine the students’ final abilities after receiving the respective 

treatments in each experimental class. The results of the post-test data for each computational 

thinking indicator are presented in Figure 3 below. 
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Figure 3. Post-test Results for Each Computational Thinking Indicator in Each Class 

Based on the information from Figures 2 and 3, differences in the improvement levels 

for each experimental class can be observed across every computational thinking indicator. 

More detailed data regarding the differences in the average N-Gain scores of students’ 

computational thinking skill in each class are presented in Figure 4 below. 

 
Figure 4. Differences in N-Gain Scores of Computational Thinking Ability in Each Class 

The results show that the computational thinking ability in Experimental Class 1 had a 

higher N-Gain score compared to Experimental Class 2 and the Control Class. This means that 

the use of the thermodynamics physics e-book media effectively improves students’ 

computational thinking skills. This finding aligns with the research by Herianto (2020) and 

Setianingrum (2023), which states that using e-books enriched with local wisdom, combined 

with appropriate learning models and approaches, can have a positive impact and improvement 

on science learning. Therefore, the goal of enhancing computational thinking skills can be 

successfully achieved in physics education. 

Through computational thinking, students can be trained to improve their learning 

independence, be able to solve problems with complex and algorithmic thinking, critically and 

creatively, and train students' skills with project-based learning models and approaches that are 

in line with the research results of (A. C. Lestari & Annizar, 2020; Nasiba, 2022; Nuraini et al., 
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2023; Pratidhina et al., 2022; Syahputra & Sinaga, 2024). Thus, it can be seen that the one that 

gave the highest average score was experimental class 1, where the class was a class that used 

a thermodynamic physics e-book containing local wisdom on the brick making process based 

on STEAM-PjBL. So that the results show that it has met the criteria for minimum learning 

completion. 

 

Improvement Pretest-Posttest Score of Computational Thinking Skills in Each Group 

Table 9 below shows the effect of the thermodynamic physics e-book with local wisdom 

on the STEAM-PjBL-based brick making process in improving computational thinking skills. 

This finding shows that at a significance level of 0.05 the pretest-posttest value has a significant 

increase in experimental class 1, experimental class 2, and control class. 

Table 9. Results of Pairwise Comparisons 

Measure Treatment I (time) J (time) 
Mean Difference 

(I-J) 

Std. 

Error 
Sig.b 

Computational 

Thinking 

Experiment 1 Pretest Posttest -37.971 0,999 0,000 

Experiment 2 Pretest Posttest -33.083 0,985 0,000 

Control Pretest Posttest -29.639 0,985 0,000 

 

Referring to the information presented in Table 9, if the significance value is <0.05, it 

indicates a significant increase in students' computational thinking ability scores on the pre-

test-post-test scores in each class. The difference of the mean MD (Mean Difference) score of 

the computational thinking test was -37.971 in experimental class 1, -33.083 in experimental 

class 2, and -29.639 in the control class. Because the MD values in all groups are negative, it 

can be concluded that the average post-test score is higher than the average pre-test score. 

Therefore, there was a significant increase in computational thinking ability in the pre-test-post-

test in each class (Ho, 2014). Based on these results, it can be concluded that; H0 is rejected 

and Ha is accepted, namely ‘there is an increase in pre-test-post-test scores on students’ 

computational thinking skills in each class.’ 

Furthermore, the Post Hoc test was conducted to determine classes that are not similar 

(different from each other), which is shown in Table 10 below. 

Table 10. Results of Post Hoc Test Bonferroni Type in Computational Thinking Skill 

Measure I (Class) J (Class) Mean Difference (I-J) Std Error Sig. 

Computational 

Thinking 

Experiment 1 
Experiment 2 3,25 1,647 0,152 

Control 5,53* 1,647 0,003 

Experiment 2 
Experiment 1 -3,25 1,647 0,152 

Control 2,27 1,635 0,500 

Control 
Experiment 1 -5,53* 1,647 0,003 

Experiment 2 -2,27 1,635 0,500 

 

Referring to Table 8, it was found that in students' computational thinking ability, 

experimental class 1 was not significantly different from experimental class 2 as indicated by 

(MD = 3.25; p>005), while for experimental class 1 with the control class had a significant 

difference where (MD = 5.53; p <0.05). Thus, it shows that experimental class 1 using 

thermodynamic physics e-book with local wisdom of STEAM-PjBL-based brick making 

process has a higher effect on computational thinking ability compared to experimental class 2 
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and control class. 

The use of thermodynamic physics e-books in the STEAM-PjBL-based brick making 

process is one form of technology utilisation in education (TPACK), which means that in 

learning there are elements of material as a source of knowledge, pedagogy and the use of 

technology in achieving learning objectives. In addition, the results of this study are in line with 

Papadakis (2022), that with the physical thermodynamics e-book that raises the STEAM-PjBL-

based brick making process in an effort to improve computational thinking skills, it can train 

students in generating great and creative ideas for designing bricks and knowing the function 

of the design. In addition, they can also express themselves through Art (design) in the learning 

project of making bricks, as well as understanding the rapidly growing surrounding 

environment related to the brick making & burning system, so that students can think more 

critically and structured. Research results, Maharani (2020) & Pratidhina (2022) convey, 

through the STEAM approach can develop computational thinking skills. So that through this 

approach can encourage innovation in effective brick making techniques. 

Computational thinking encourages the use of multiple disciplines to problem solving. 

The focus is on physics and thermodynamics being applied to understand the brick making 

process, which is part of the local culture. This shows how a scientific approach can provide a 

deeper understanding of traditional practices. In short, using decomposition techniques, the 

brick-making process can be broken down into smaller steps and analyzed using 

thermodynamic principles. Abstraction allows us to focus on the essential elements of the 

process, such as firing temperature and material composition, to improve efficiency and the 

quality of the final product. 

This study has limitations that can be used as a basis for consideration for subsequent 

researchers, namely; Experimental activities require tools and materials that are not available 

in the Physics laboratory. In addition, the manufacturing stage needs to be carried out in a wider 

location, which is carried out at the brick craftsman's place, so that researchers collaborate with 

many brick craftsmen. Because if it is done in the Physics laboratory it is very limited. For this 

reason, researchers need to hold discussions and appeal first to 3 to 4 brick craftsmen. In 

addition, there needs to be permission and coordination with the principal and guardians 

regarding the learning process carried out in the field. So if you want to do similar research, it 

is very necessary to consider the method, time allocation and place. 

 

Conclusion  

The results of data analysis show that the thermodynamic physics e-book with local 

wisdom of brick making process based on STEAM-PjBL is proven to be feasible to use in 

learning high school physics based on the assessment of material experts, media experts, 

teachers and students. This is based on the ‘very good’ category from the assessment of all 

parties. The Anova test results showed a significant difference in the use of thermodynamic 

physics e-books with local wisdom on students' computational thinking skills. This is evidenced 

by an increase in the pre-test-post-test scores of students' computational thinking skills by 0,66 

(medium). So it can be said that the e-book of thermodynamic physics with local wisdom can 

have a positive impact in learning physics that is innovative, creative, algorithmic and critical 

thinking in supporting the development of abilities in the 21st century. Therefore, it is 
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recommended that teachers can develop physics e-books with local wisdom that are more varied 

and understand the aspects of computational thinking in supporting the times. One of the 

implications of the research findings that have been conducted, namely: (1) the use of 

thermodynamic physics e-books containing local wisdom based on STEAM-PjBL can be an 

alternative solution in developing learning tools that not only emphasize cognitive aspects, but 

also shape character, art skills in students and have computational thinking skills that are 

relevant to the needs of the 21st century. This shows that a contextual learning approach based 

on local wisdom projects around can improve the quality of physics learning which has so far 

been considered abstract and difficult to understand, namely learning thermodynamic physics 

through the brick making process, (2) the development of physics e-books that contain diverse 

local/ethnoscience potentials will play an important role in helping students love and appreciate 

the local wisdom in their own areas. By presenting various local wisdoms and linking them to 

Indonesian history, it will be a good additional point to support the government's program, 

namely the Merdeka Curriculum in IPAS learning and the Pancasila student profile. So that it 

can increase their understanding of cultural heritage, produce a sense of pride in Indonesian 

identity, and motivate students to maintain and preserve it. 
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