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Teaching materials currently available are mostly centered on textbook 

and tasks. Moreover, it is rarely implanted with 21st century skills and 

character values so that students find it difficult when solving problems 

related to life. STEM-based teaching materials developed are presented 

with characteristics of fluid information which is complemented by 

discussions, practicum, and project activities related to STEM aspects and 

integrated with 21st century skills (4C) and character values so that 

students are encouraged to be more active in solving problems. This study 

aims to describe characteristics and identify feasibility, readability, student 

responses to STEM-based physics teaching materials, integrated 21st 

century skills (4C), and characters. The method used in this research was 

Research and Development (R&D) with producers adapted from the 

research and development steps of Borg and Gall, which are modified into 

seven stages. Data collection techniques in this study were carried out in 

several ways, namely interviews, tests, and questionnaires placed on a 

Likert scale. The results of the feasibility test showed that the teaching 

materials were in a very worthy category. The readability test results 

showed that the teaching materials were presenting in the class easily 

understood. The assessment of students’ responses to teaching materials 

showed an excellent category to be used by the second-year student at high 

school as a supporting learning source in the fluid subject learning process. 
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INTRODUCTION 

 

Education is an essential asset for a nation's sustainability and progress, 

especially to prepare a generation that can compete in the 21st century. Science and 

technology which are increasingly developing demands that students have abilities that 

are in accordance with the times. The 4C skills in the 21st century are critical thinking 

skills, creativity, communication, and collaboration. The government continuously made 

an effort to improve the quality of education in Indonesia. One of them is through 

changes to the national education curriculum, starting from the 1947 Lesson Plan 

Curriculum to the revised 2013 Curriculum used to date. The main focus of the 2013 

Curriculum is the activeness of students, the integration of 21st century skills, and 

character education in learning. Through the currently implemented 2013 Curriculum, the 

expected competence after studying physics at the high school level is to live a life with a 

positive attitude with critical, creative, innovative, and collaborative thinking, along with 

honesty and openness based on the potential of the product process and understanding the 

impact of developments in technology (Kemendikbud, 2016). 
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One of the government's efforts to improve the quality of education in Indonesia, 

according to Bappenas (2013), is through the development of teaching materials to 

support the learning process. The research is in line with the research results by Ariyani 

& Wangid (2016), which states that innovative teaching materials developed can instill 

certain characters embedded in students. According to Widayoko et al. (2018), to face the 

times' demands, teaching materials are needed that can help students understand the 

material. Also, its application in technology can raise students' curiosity in engineering 

technology with the concepts being studied. As a result, students master scientific literacy 

competencies and have broad insights. Learning with the STEM approach integrates 

science, technology, engineering, and mathematics learning to help 21st century skills by 

focusing on solving real problems related to everyday life. The use of the STEM 

approach to learning could be applied in models, teaching materials, and LKPD as well as 

improving students’ problem-solving skills (Chien & Lajium, 2016; Fitriani et al., 2017). 

The results of Yıldırım & Altun's (2015) research shows that the STEM approach can 

lead to effective and quality learning, relates to everyday life experiences, and develops 

problem solving skills such as creativity and critical thinking.  

In reliance on the suitability between the learning objectives with the STEM 

approach and the learning objectives in secondary schools listed in the 2013 Curriculum, 

it can be concluded that the 2013 Curriculum learning provides opportunities for the 

development and implementation of STEM. It can also develop students' critical thinking 

skills, creativity, innovation, and problem-solving and development skills of the students' 

character. In this case, it means that the teaching materials are oriented to the material and 

practice questions. Teaching materials should be oriented towards environmental 

problems and application of technology using the STEM approach and prioritizing multi 

and transdisciplinary integration of S, T, E, and M and the development of 4C and 

character development of students. 

Regarding the results of observations in the works of monitoring at SMA Negeri 

1 Patikraja, it was found that the learning resources of students were in the form of 

textbooks and student worksheets, which indicated that these learning resources were still 

centered on cognitive aspects without an emphasis on affective and applicable aspects 

that encouraged mastery of 21st century skills and character education. The above 

problems provide an overview of the urgency of the need for learning resources that 

support learning physics to improve 21st century skills and students' character. Therefore, 

research is needed on the development of STEM-based teaching materials integrated 21st 

century skills and the character of students in high school physics learning. The purpose 

of this study was to describe the characteristics, feasibility level, readability level, and 

students' responses to the teaching materials developed. 

 

 

METHODS 

 

The method used in this research was Research and Development (R&D). This 

research was conducted in January - May 2020 at SMA Negeri 1 Patikraja, located at 

Jalan Adipura No. 3, Patikraja District, Banyumas Regency, Central Java Province. The 

subjects in this study were lecturers of material experts and media experts, physics 

teachers of SMA Negeri 1 Patikraja, and students of class XI MIPA 3 and XI MIPA 5 

SMA Negeri 1 Patikraja. 

The data collected in this research used interview methods, questionnaires, and 

tests. Interviews were conducted at the information gathering stage of the physics teacher 

and some students of SMA Negeri 1 Patikraja to obtain data about physics teaching 

materials used by students at the school and to find out directly the students' responses to 
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the teaching materials. The research instruments used were the gaps test and 

questionnaire. The gap test was used to determine the teaching material's readability. 

Then it was tested for its validity using the validator's expert judgment techniques. The 

reliability test for the intercept test instrument was not carried out.  

The feasibility level, readability level, and student responses are expressed as the 

percentage score (P) and calculated by looking for the percentage of the score obtained 

compared to the maximum score. Data brought conclusions about students' feasibility, 

legibility, and responses to teaching materials linked to the Likert scale from the data 

analysis results. 

The procedure used in this study was adapted from the research and development 

steps by Borg & Gall (1989), as shown in Figure 1. 

 

 
Figure 1. The research procedure used 

 

 

RESULTS & DISCUSSION 

 

Characteristics of Teaching Materials 

This research's product was in the form of STEM-based physics teaching materials 

integrated with 21st century skills (4C) and character. The teaching material contained 

fluid material related to science, technology, engineering, and mathematics and, in its 

presentation, also integrates 21st century skills (4C) and character education. Teaching 
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materials were made from Microsoft Word 2016 software to compile the material and 

assisted with CorelDraw X7 software for making graphic designs of teaching materials. 

The text in the teaching material was written in Times New Roman font and font size of 

12-16. The use of writing teaching materials above aimed to make teaching materials 

visible and easy to read. The statement was in line with Nurhadryani et al.'s (2013) 

research results, which stated that the appropriate type and size of letters would make it 

easier for students to learn the material in teaching materials. Also, on each side of the 

teaching material, pictures were given following the material's discussion. The picture 

aimed to provide a sense of comfort and make it easier for students to understand the 

material so that there was no misunderstanding about Situmorang (2014) research, which 

stated that suitable teaching materials present pictures that could motivate learners to 

support problem-solving activities. 

STEM-based physics teaching materials integrated 21st century skills and 

character content were divided into three parts: the initial element, the content part, and the 

final part. The total number of teaching materials is 69 pages and was printed using A4 

paper (21 cm × 29.7 cm). The content was so that the school's learning needed developed 

physics teaching materials and outside school (Prastowo, 2015). 

The initial section consisted of covers, introductions, a brief profile of teaching 

materials, a table of contents, instructions for using teaching materials, essential 

competencies and indicators of competency achievement, and a concept map. The content 

section consisted of two chapters, namely static fluid and dynamic fluid. In each chapter, 

there was a discussion activity integrated 21st century skills (4C), which was contained in 

the content “Come on, observe!” and “Come on, Discuss!”. Before explaining the 

material, the content “Come on, learn!” contained keywords and the importance of 

studying the material. The descriptions of the material in the developed teaching materials 

are presented in detail and arranged systematically to make it easier for students to 

understand the material. Also, there is the content “Come on, Try It!” and “Come on, 

Project!” which contains experimental activities and project activities (making a 

prototype of a tool that applies a particular concept) equipped with student worksheets. 

Contextual elements and STEM linkages appear in the “STEM Rubric” content. 

“Character Values” contained religious, curiosity, discipline, and social care character. 

Other contents used were “Our Figures”, which contains historical figures who 

contributed to discovering physics concepts. Also, “Sample Questions”, which included 

examples of questions from the material that has been presented. This teaching material 

also included the “Competency Test”, which contained items to determine students’ 

ability regarding fluid material included in this developed physics teaching material. The 

format for arranging the content of teaching materials developed was also made 

consistently from beginning to end. In line with Arsyad’s (2014) statement, print-based 

media must pay attention to the consistency of the format in which it was prepared. 

The teaching materials developed have the characteristics of STEM-based 

learning. The integration of each aspect of STEM in the teaching materials developed can 

be explained as follows. 

a. The scientific aspect is the central aspect of the teaching materials developed. This 

was because the subject of physics is one of the main domains in science. Each 

chapter presented scientific aspects, especially on static and dynamic fluids, such as 

Pascal's law, Archimedes law, continuity law, Bernoulli's law, and other subsections in 

a fluid material. 

b. The technological aspects of the teaching materials developed were applying concepts 

to fluid material in everyday life such as water pumps, hydraulic jacks, infusions, 

showers, airplane wings, and other technologies related to liquid materials. This aspect 
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was presented in the form of supporting information about the use of technology in a 

concept. 

c. Engineering aspects in the developed teaching materials are integrated into an 

explanation of the working principles of technology. It also used concepts in a fluid 

material, simple project activities (making a prototype of a tool that applies a 

particular concept), and questions about how a design supports a technology to 

maximize its utilization. 

d. Mathematical aspects can be found in almost all parts of the teaching material. This 

was because definitions, theories, and physical models were always expressed in 

mathematical relationships. In mathematical information presented mathematical 

aspects of the developed teaching related to mathematical 

formulas/symbols/quantities/operations on the fluid material being discussed. 

The physics teaching materials developed also have the integrated characteristics 

of 21st century skills (4C). The integration of each 4C skill in the teaching materials 

developed can be explained as follows. 

a. Critical thinking skills (critical thinking) in the developed teaching materials are 

integrated into the form of STEM-based learning activities. It was also related to 

problem-solving. As Saputra et al. (2019) stated, critical thinking skills could be 

developed through learning that actively engages students in discussion activities to 

solve a problem. 

b. Communication skills (communication) in the developed teaching materials are 

integrated into learning activities related to problem-solving in group activities and 

presentation of discussion results. Therefore, Choridah (2013) stated that problem-

based learning involving group activities and presentations could spur students to 

communicate with friends and teachers. 

c. Collaboration skills (collaboration) in the developed teaching materials are integrated 

into group work activities and discussion results. As Scott (2015) stated, problem-

based learning and projects involving group activities or work collaboratively could 

spur students to develop collaborative skills. 

d. Creativity skills (creativity / creative thinking) in the developed teaching materials are 

integrated into the form of STEM-based learning activities related to problem-solving. 

As the results of their research, Irfana et al. (2019) state that STEM-based learning can 

improve students' creative thinking skills. The physics teaching materials developed 

also have the integrated characteristics of 21st century skills (4C). The integration of 

each 4C skill in the teaching materials developed can be explained as follows. 

In addition to being integrated 21st century skills (4C), the teaching materials 

developed also have characteristics loaded with character values, including religion, 

curiosity, discipline, and social care. These characters were selected based on an analysis 

of their needs and the material context (Nurgiyantoro & Efendi, 2013). Integrating these 

character values was reflected in the instructions in discussion activities, practicum, and 

projects in teaching materials. This was in line with Khusniati's (2012) results, which 

stated that independently discovering concepts such as practicum activities could foster 

students' various kinds of characters. Also, to further maximize character cultivation in 

the developed teaching materials, there was "Character Values" content containing 

instructions or information about the relationship between the material and the four-

character values developed to motivate students to increase their character values further. 

The content of "Character Values" was presented in a separate box column. Based on 

Arsyad's opinion (2014), emphasis using boxes could be used to mark important 

information in teaching materials. Based on the results of Pala's (2011) research, 

character planting in students could be useful if it was done repeatedly and continuously. 

Thus, in the learning process, the teacher could instill character values continually. 
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Some examples of the results of product development for teaching materials in 

the content section are presented in the image below. 

 

 

Figure 2. Introduction to teaching materials 

 

 

 

Figure 3. The content section "Come on, Learn!" on teaching materials 
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Figure 4. The content section "Come on, Observe!" on teaching materials 

 

 

Figure 5. Section description of teaching materials 
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Figure 6. The content section "Come on, Try It!" on teaching materials 

 

 

Figure 7. Content section "STEM Rubric" on teaching materials 
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Figure 8. The content section "Come on, Discussion!" on teaching materials 

 

 

Figure 9. The content section "Come on, Project!" on teaching materials 

 
Figure 10. The content section "Character Values" in teaching materials 
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Figure 11. The content section "Sample Questions" on teaching materials 

 

 
Figure 12. The content section "Our Figures" in teaching materials 

 

Figure 13. The content section "Competency Test" on teaching materials 
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The final part of the teaching materials developed consisted of a summary 

glossary and bibliography. The summary contained a summary of the material that has 

been studied in the teaching materials to make it easier for students to review the 

material. This was in line with the opinion of Daryanto & Dwicahyono (2014), which 

states that the summary in teaching materials was prepared by examining the main things 

contained in the teaching material. The glossary contains explanations of newly 

introduced terms in teaching materials arranged alphabetically (Daryanto & Dwicahyono, 

2014). The bibliography included a list of reference sources for the material used in 

teaching materials. 

 

The Feasibility of Teaching Materials  
 

The feasibility test was carried out by giving a feasibility questionnaire to 3 

validators consisting of one material expert lecturer, one media expert lecturer, and one 

physics teacher. The eligibility questionnaire referred to the test instrument that has been 

made based on the modified BSNP rules. The feasibility questionnaire consisted of four 

aspects, namely, content, presentation, language, and geography. The recapitulation of the 

feasibility test results on each element of the assessment in teaching materials was shown 

in Table 1. 
 

Table 1. Review of the Results of Feasibility Test for Teaching Materials for Each Aspect 

Eligibility Aspects 𝑃(%) Criteria 

Content 92,54 Very worthy 

Presentation 93,75 Very worthy 

Language 91,67 Very worthy  

Graphic 87,50 Very worthy  

Average 91,36 Very worthy  

 

The validator's analysis of the feasibility test has met the very worthy criteria with 

a value percentage of 91.36%. It also meant that STEM-based physics teaching materials 

integrated 21st century skills (4C) and character have met the standard of eligibility of 

printed teaching materials applied by BSNP for learning with some improvements 

according to validator suggestions. This was in line with Budiawati & Kantun (2016) 

opinion, which stated that the feasibility of teaching materials was seen from the teaching 

materials' ability to meet the feasibility assessment standards set by BSNP. 

The teaching material products developed are also compiled based on the 

preparation guidelines in the 2013 Revised Edition of the Curriculum 2013, a STEM 

approach, and integrated 21st century skills and character content. This added value of the 

teaching materials developed compared to the textbooks and LKPD used by students at 

SMA Negeri 1 Patikraja. 

The analysis results on the feasibility aspect of the content of teaching materials, 

which consisted of six sub aspects, were presented in Table 2. 

Table 2. Results of Content Feasibility Aspect Analysis  

Sub aspects 𝑃(%) Criteria 

Material suitability 94,44 Very worthy 

Material accuracy 91,67 Very worthy  

Contemporary material 100 Very worthy  

STEM based 93,75 Very worthy  

21st Century Skills Integration (4C) 95,83 Very worthy 

Integration of character values 87,50 Very worthy 
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In reliance on the analysis of the results of the content feasibility aspect test 

presented in Table 2, it was found that the teaching materials developed got an average 

percentage of 92.54% with very worthy criteria in the content feasibility aspect. STEM-

based physics teaching materials integrated 21st century skills, and character content was 

compiled through the presentation of material that has been adjusted to the Core 

Competencies (KI), and Basic Competencies (KD) of the 2013 Revised 2017 Curriculum 

for physics subjects’ class XI SMA / MA. This was in line with Prastowo’s (2015) 

opinion which states that the material in teaching materials is very dependent on the basic 

competencies to be achieved.  

The material in the developed teaching materials was also compiled regarding 

technological developments to facilitate students to construct their knowledge according 

to the times. As stated by Izzati et al. (2019), utilizing the latest technology currently 

running in this century can enrich material development. Examples of contextual physics 

in the teaching materials developed can also help students understand existing concepts 

easily (Oktaviani et al., 2017). The presentation of STEM-based learning is suitable for 

physics subjects, develops life skills, creates career awareness, attracts students' attention, 

and makes learning fun (Kanadli, 2019). 

The integration of 21st century skills (4C) in the developed teaching materials 

was presented with concrete problems around the latest technology to become more 

enthusiastic in learning them. STEM-based learning has proven effective in helping 

students develop 21st century (4C) skills because 4C skills were also skills developed in 

the STEM curriculum to allow students to choose a future career (Beers, 2011; Sarı et al., 

2018). 

Instructions on teaching materials activities were presented by integrating 

religious character values, curiosity, discipline, and social care. Character education could 

be delivered through instruction in teaching material activities to improve students' 

character development (Larasati & Yulianti, 2014; Wahyuni et al., 2017). 

The analysis results on the feasibility aspect of presenting teaching materials, 

which consisted of three sub aspects, were shown in Table 3. 

 

Table 3. Results of the Analysis of Presentation Feasibility Aspects 

Sub Aspects 𝑃(%) Criteria 

Presentation technique 100 Very worthy 

Learning presentation 94,44 Very worthy 

Presentation completeness 91,67 Very worthy 

 

Regarding the analysis of the results of the presentation feasibility aspect test 

presented in Table 3, it was found that in the presentation feasibility aspect, the teaching 

materials developed got an average percentage of 93.75% with very worthy criteria. 

The material in the developed teaching materials was presented coherently from 

general/basic concepts to more specific/complex concepts. The developed teaching 

materials consistently showed a pattern of activity sequences and components of STEM-

based learning offerings always presented, making it easier for students to understand 

them. Teaching materials that were arranged with coherent and consistent concepts could 

advance students more interested in learning and make it easier for students to understand 

a concept (Parmin & Peniati, 2012; Rahmayantis, 2017). 

STEM-based physics teaching materials were presented by paying attention to 

active and interactive student involvement, which was shown through discussion 

activities, practicums, and projects carried out in groups. Therefore, Pangesti et al. (2017) 

stated that STEM-based teaching materials that were equipped with discussion activities, 

practicum, and project creation could improve students' mastery of concepts. STEM-
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based learning can have a positive impact on student learning outcomes in school, such as 

student interest and motivation, student attitudes towards lessons, improve science 

process skills, and can help students lead to independent discovery of a concept by 

students (Herak & Lamanepa, 2019; Yildirim, 2016). The presentation completeness of 

the developed teaching materials was divided into three parts: the beginning, the content, 

and the end, according to Depdiknas (2008).  

Table 4 presented the results of the analysis on the linguistic feasibility aspect of 

teaching materials, which consist of six sub-aspects. 

 

Table 4. Results of the Analysis of Language Feasibility Aspects 

Sub Aspects 𝑃(%) Criteria 

Legibility 95,83 Very worthy 

Conformity with Indonesian language rules 83,33 Worthy 

 

Table 4 presented the analysis of the test results on the feasibility of the linguistic 

aspects. In language eligibility, the teaching materials developed got an average 

percentage of 91.67% with very worthy criteria. The rate was because the terms, symbols, 

and icons used in the teaching materials developed were arranged consistently to avoid 

confusion. According to Purnanto & Mustadi (2018), consistent use of terms from 

beginning to end could make it easier for students to understand the book's contents. 

Also, teaching materials were prepared by paying attention to the structure of the SPO / 

SPOK in a sentence according to the General Guidelines for Indonesian Spelling 

(PUEBI) and adjusted to the reader (high school education level students), so that 

students can easily understand them. As stated by Sorraya (2014), teaching materials 

developed according to the level of cognitive development of students could make it 

easier for students to understand every activity in the teaching material. 

Table 5. presented the analysis results on the feasibility of the graphic aspects of 

teaching materials, which consisted of three sub-aspects. 

 

Table 5. Results of the Analysis of the Feasibility of the Graphic Aspects 

Sub Aspects 𝑃(%) Criteria 

Teaching material size 91,67 Very worthy 

Cover design of teaching 

materials 

87,50 Very worthy 

Design content of teaching 

materials 

83,33 Worthy 

 

The analysis of the test results of the feasibility aspect of the graphic presented in 

Table 5 showed that in the aspect of graphics feasibility, the teaching materials developed 

to get an average percentage of 87.50% with very worthy criteria. The number was 

because the teaching materials used A4 paper (21 cm × 29.7 cm), corresponding to ISO 

standards. The standard was regarded to develop physics teaching materials at school and 

outside of school (Prastowo, 2015). Furthermore, the cover for teaching materials 

developed was designed with proportional attention to the composition of the color and 

the size of the layout. The illustration image on the cover of teaching materials was an 

example of fluid application in everyday life. Pattashiki & Hakim (2016) stated that the 

colors and design illustrations on the cover of attractive teaching materials could clarify 

the concepts, messages, and materials in teaching materials. The text in the developed 

teaching material is written in Times New Roman typeface and font size of 12-16 to 

clearly and quickly read it. As the research results, Nurhadryani et al. (2013) states that 
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the appropriate type and size of letters will make it easier for students to learn the 

material contained in teaching materials. 

 

Readability of Teaching Materials  

 

Table 6 presented the results of the readability analysis of teaching materials. 

 

Table 6. Teaching Material Readability Test Results 

Grade 𝑃(%) Criteria 

XI MIPA 3 85,48 Intelligible 

XI MIPA 5 88,29 Intelligible 

Average 86,88 Intelligible 

 

Based on the data obtained from the readability test of teaching materials in class 

XI MIPA 3 and XI MIPA 5, the average percentage of teaching material readability was 

86.88%. These results indicated that students easily understand the teaching material. 

Dewi & Arini (2018) stated that the results of a good teaching material legibility test 

could increase the interest in learning and the reader's memory. One of the factors 

supporting students' success in understanding the content of teaching materials was visual 

images/illustrations that support the learning material. Neina et al. (2015) stated that 

using photos / graphic drawings to keep learning materials can affect teaching materials' 

readability. 

In general, the teaching materials developed to use a sentence structure following 

the General Guidelines for Indonesian Spelling (PUEBI). It was adapted to the reader 

(high school students) so that students easily understand it. The teaching materials 

developed were packaged in simple vocabulary to make it easier for students to 

understand the material. The same thing was expressed by Larasati & Yulianti (2014) in 

their research which stated that teaching materials arranged using simple sentences and 

letters would be easier for students to understand. 

 

Student Responses to Teaching Materials  

 

The operational field test aimed to determine students' response to teaching 

materials as users regarding the display aspects of teaching materials, grammar and 

sentence structure, content, use, and functions of teaching materials. Also, 35 students of 

class XI MIPA 3 and 34 students of class XI MIPA 5 at SMA Negeri 1 Patikraja carried 

out assessment of students' responses to teaching materials. The choice of class XI MIPA 

as a respondent was due to the assumption that class XI MIPA already knew fluid 

material obtained in class XI in the odd semester to respond to teaching materials and 

questionnaires that have been compiled. 

Table 7 presented the results of the student response questionnaire analysis on the 

display aspects of teaching materials. 

 

Table 7. Results of Display Aspect Analysis 

Sub Aspects 𝑃(%) 
The display of STEM teaching materials integrates 21st century skills and a 

load of interesting characters 

87,34 

The pictures contained in the teaching materials are clear and easy to 

understand 

88,44 

Average 87,88 
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Table 7 presented the display aspects. The teaching materials developed got an 

average percentage of 87.88% with excellent criteria in the display aspect. The rate was 

because the teaching materials developed could visualize the material clearly and 

attractively through the support of picture explanations that helped students interact to 

increase students' understanding (Khamidah et al., 2019). Based on students' responses in 

the reason/input column, it was stated that overall, the teaching materials developed have 

an attractive appearance and design. The images and descriptions of the ideas presented 

are easy to understand to motivate students to read them.  

The analysis of students' questionnaire responses to teaching materials on the 

grammar and sentence structure aspects was based on an indicator, namely using 

language in teaching materials that is easy to understand. The average percentage is 

88.44%, with an excellent category. The rate was because the developed teaching 

materials present fluid material with grammar and sentence structure that has been 

adjusted to the General Guidelines for Indonesian Spelling (PUEBI). It also adapted to 

the reader's cognitive development (high school students) and has gone through material 

experts' validation stage. It made it easier for students to understand the fluid material in 

teaching materials. In line with the results of students' responses given in the reason/input 

column. It stated that the entire of the teaching materials developed use standard 

Indonesian, straightforward, and understood by students. As Rahmawati (2016) said, in 

the preparation of teaching materials, students must pay attention to standard, effective, 

and consistent sentences so that students easily understand them. Also, the choice of 

language in teaching materials, according to Qostantia (2017), must be adjusted to the age 

development of students by paying attention to sound and correct Indonesian rules. 

Table 8 presented the results of the student response questionnaire analysis on the 

aspects of the content of teaching materials. 

Regarding the analysis of the content aspects presented in Table 8, it was found 

that the teaching materials developed got an average percentage of 90.16% with excellent 

criteria in the display aspect. These results indicated that students could know the 

relationship between fluid material and science. They could also know various 

technologies that utilize the principles in a fluid material, know-how the engineering 

process is (designing or creating a technology) and understood aspects of mathematics as 

a language for science, engineering, and technology after studying fluid material the 

developed teaching materials. In reliance on the results of student responses given in the 

reason/input column, it was stated that the overall content of the material in the developed 

teaching materials presented material under what students have learned. The learning was 

in odd semesters and had many features that support the completeness of learning in 

class, one of which is "STEM Rubric," which contains the relationship between fluid 

material and aspects of science, technology, engineering, and mathematics. The multi and 

transdisciplinary integration of the S, T, E, and M aspects in this teaching material can 

improve students' conceptual mastery (Pangesti et al., 2017).  

Questionnaire students' responses to teaching materials on aspects of use were 

based on an indicator, namely the material in teaching materials systematically arranged 

and easy to understand. Based on the student response analysis results, the average 

percentage was 88.48%, with the excellent category. The ratio was because the teaching 

materials developed present fluid materials packaged with STEM-based learning 

integrated 21st century skills (4C) and character content to give students a sustainable and 

robust willingness to learn (Beers, 2011; Sartika, 2019). Based on the results of students' 

responses given in the reason/input column, it was stated that the teaching materials 

developed are practically used in learning, presenting complete material about fluids, and 

easy to understand. As the research results of Irwandani et al. (2017) stated, material that 
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is arranged systematically, logically, easily understood, and is easy to use by both 

educators and students has good quality and feasibility. 

 

Table 8. Results of Content Aspect Analysis 

Sub Aspects 𝑃(%) 
The material contained in the teaching material is following the fluid subject 

matter 

93,14 

The material contained in teaching materials relates fluid to scientific aspects 90,22 

The material contained in teaching materials relates fluids to technological 

aspects 

89,14 

The material contained in teaching materials relates fluids to engineering 

aspects (design/engineering) 

87,34 

The material contained in teaching materials relates fluids to mathematical 

aspects 

90,94 

Average 90,16 
 

Table 9 presented the results of the student response questionnaire analysis on the 

functional aspects of teaching materials. 

Based on the analysis of the functional aspects presented in Table 9, it was found 

that the teaching materials developed to get an average percentage of 86.60% in the 

display aspect. These results indicated that the developed teaching materials function in 

excellent criteria. Based on the results of students' responses given in the reason/input 

column, it was stated that the entire of teaching materials developed are practically used 

in learning and are suitable if used as handbooks for students to study at school and 

outside of school. As the results of research by Afriana et al. (2016) states, STEM-based 

learning could provide a memorable experience, giving rise to motivation and interest in 

education.  

Overall, students' responses to physics teaching materials based on STEM 

integrated 21st century skills (4C) and character get reactions in the excellent category 

with a percentage of 88.32%. 

 

Table 9. Results of Function Aspect Analysis 

Sub Aspects 𝑃(%) 
STEM-based physics teaching materials integrated 21st century skills and 

practical character content used in learning 

88,07 

STEM-based physics teaching materials integrated with 21st century skills 

and character content help you understand the subject of fluids in more depth 

from the aspect of science 

87,34 

STEM-based physics teaching materials integrated with 21st century skills 

and character content help you understand the subject of fluids in more depth 

from the technological aspects 

86,24 

STEM-based physics teaching materials integrated with 21st century skills 

and character content help you understand the subject of fluids in more depth 

from the engineering aspect (design/engineering) 

83,34 

STEM-based physics teaching materials integrated with 21st century skills 

and character content help you understand the subject of fluids in more depth 

from the aspects of mathematics 

88,04 

Average 86,60 
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Interview Students' Responses to Teaching Materials  

 

Interviews were conducted to explore students' responses to physics teaching 

materials based on STEM integrated 21st century skills (4C) and character. As the 

opinion of Asriningtyas et al. (2018), which stated that the data of a study could be 

strengthened through interviews with students. In this study, the interview respondents 

were six students, each consisting of three students of class XI MIPA 3 and 3 students of 

class XI MIPA 5 SMA Negeri 1 Patikraja. 

Overall, an analysis of the results of interviews with students found that STEM-

based physics teaching materials integrated with 21st century skills and character content 

could provide new learning experiences for students, especially concerning fluid material 

with science, technology, engineering, and mathematics. Students showed an interest in 

the teaching materials being developed. The images and language presented have helped 

students understand the problems presented in the teaching materials. However, there 

were still parts of the formula that need to be emphasized to be more visible. 21st century 

skills (4C), presented in the form of problems around technology related to fluids in 

discussion questions, have also been understood by students. Also, the presentation of 

character values related to the material has been understood by students. The findings 

from the analysis of physics teaching materials' test results based on STEM integrated 

21st century skills (4C) and character. It showed that this teaching material was 

practically used in learning. It could be seen from the attractive appearance, grammar, 

and sentence structure that is easy to understand. The content of STEM-based material 

integrated 21st century skills (4C) and characters that students could accept and 

understand their practical use. Also, the function of teaching materials that make students 

more interested in studying the material more deeply. 

 

 

CONCLUSION 

 

Based on the results of research conducted at SMA Negeri 1 Patikraja, several 

conclusions were obtained. They were that the characteristics of STEM-based physics 

teaching materials were integrated with 21st century skills (4C). Also, the characters in 

fluid material contained the latest problems, discussion activities, practicum, and simple 

projects related to aspects of STEM in daily life and integrated with 21st century (4C) 

skills and character. The feasibility test results based on the content, presentation, 

language, and graphic aspects show that the teaching materials in the category are very 

suitable for use in learning. The legibility test results showed the teaching materials were 

in the easy-to-understand type. The assessment results of students' responses to teaching 

materials received responses in the excellent category for use by students of class XI 

SMA/MA as a source of supporting teaching materials in the learning process of fluid 

material. Overall, the teaching materials developed provide new learning experiences 

from cognitive and affective aspects compared to previously used teaching materials that 

are only oriented to cognitive aspects. 

This research suggested that further development should be needed by adding 

information on the 4C indicator in each problem presented in the teaching material. 

Adding experimental content using a virtual lab adds to students' learning experience 

independently, especially when using a distance learning system. 
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