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Introduction

Mathematics is a universal science that underlies various other exact sciences. The
development of technology and human thinking power today cannot be separated from the
role of mathematics in it, so that mathematics has become one of the mandatory subjects
studied at all levels or levels of education. Vocational High School (SMK) is a form of
advanced vocational education unit from junior high school or equivalent which aims to
prepare students to be ready to work in a certain field. The curriculum structure at Vocational
Schools consists of productive programs which are basic vocational subjects, normative
programs which are general basic subjects and adaptive programs which are basic subjects
which support productive programs. One of the adaptive programs in vocational schools is
mathematics subjects (K. S. Handayani et al., 2018).

Vocational school-level mathematics learning in the dynamic technological era must
provide a strong foundation of knowledge and skills in developing students' skill
competencies to adapt to the world of work quickly and skillfully (Ayuningsih et al., 2022).
Every mathematics material taught at vocational school will support the skills program taken
by students. One example of mathematical material related to productive subjects in
vocational schools is geometry, the volume of rotating objects, linear programming and many
others. In the topic of the volume of rotating objects, we can find out the area of a flat plane,
which is of course very useful for measuring the area of a plane in engineering. Meanwhile,
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geometry material is very useful in determining angle sizes and measuring the height of an
object by using elevation angles (M Rizky, 2020).

Article 37 National Education System Law no. 20 of 2003 states that one of the
compulsory subjects in the primary and secondary curriculum is mathematics. Students can
gain many benefits by learning and developing math skills. It is said that the aim of learning
mathematics is to develop students' logic and thinking. Another benefit of learning
mathematics is that it can improve problem-solving abilities, develop creativity, train
thinking and reasoning methods to draw conclusions, and foster perseverance and tenacity.
This is in line with 21st-century learning where learning must be required to make changes
to technology-based innovation. Learning in the 21st century must be able to prepare the
Indonesian generation to welcome advances in information and communication technology in
social life (Syahputra, 2018). To face changes in technological innovation, it is necessary to
design learning that is student-centred and able to apply the 4C competencies (Critical
Thinking, Communication, Collaboration, Creativity).

A preliminary study conducted at SMKN 1 Guguak, West Sumatra province,
concluded that the majority of teachers still use simple teaching materials in the form of
textbooks and student worksheets from publishers, so the learning process is still
conventional with a teacher centered learning model. The methods and modules used are still
conventional in the form of printed modules, the learning process is theoretical, and there is a
lack of interaction between students so the learning process is less effective. This is shown by
the students' average mathematics scores which are still low and students have not shown any
change in attitude as per the educational goals that have been set, namely to make students
have the 4C skills, namely creativity, critical thinking, collaboration and communication.

Furthermore, based on the results of interviews with students, it is known that they
have never or are not used to learning concepts/material using modules that integrate science,
technology, engineering and mathematics in one book. Apart from that, students still find
mathematics material very difficult. This is in line with research conducted by Hamidah &
Suherman (2016) that in general students experience difficulties in learning mathematics with
different levels of difficulty. Even though mathematics should be a challenging subject so
that it attracts students' interest in learning and great curiosity (Suherman, 2015). The main
cause is the unavailability of teaching materials that suit students' conditions, so that learning
using existing modules is less valid, practical and effective. The modules that are usually
used are very simple, containing the module identity, learning activities which contain a
summary of the material as reading material and close with several practice questions which
are used as assessments. This module has not been integrated with existing learning models
and is still in the form of a printed module and cannot be accessed electronically.

Apart from that, based on the results of interviews with mathematics subject educators
at Guguak State Vocational School 1, it is known that students still have difficulty
understanding various subject matter because learning resource books are not able to
facilitate students to learn independently so that if educators do not provide clear explanations
then Students will not understand the material and ultimately students think that mathematics
is a lesson that is difficult to understand because there are many formulas and abstracts. Apart
from that, information was obtained that the average 4C skills of students were still low. A
study revealed the importance of using the 4C skills in education, namely critical thinking
and problem solving, creativity and innovation, and collaboration, especially to train students
to have social skills and a global perspective (Nganga, 2019). The challenges faced by
educators in the 21st century are not easy because they have the responsibility to produce
quality students who are able to compete globally. Teachers equip students with 4C skills so
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that the learning process is not only oriented towards mastering the material but also equips
students to have life skills (Nurhayati et al., 2024). For this reason, teaching materials are
needed that are able to facilitate students to expand their thinking abilities, both critical and
creative thinking abilities and metacognitive skills.

According to Gustiani et al., (2017), learning approaches are appropriate to current
learning, one of which is the STEM (Science, Technology, Engineering, and Mathematics)
approach. The STEM approach to learning is an approach that combines two or more fields
of science contained in STEM. The recent emphasis on STEM learning can be seen as an
opportunity to make innovation and change in mathematics. In STEM learning, students are
given the opportunity to expand their thinking abilities such as metacognitive skills, critical
and creative thinking. Students are not only taught theoretically, but also practically so that
students experience the actual learning process. Thus, the STEM approach can be an
innovative mathematics learning approach. Sanders; Fitzallen; Anwari et al; Septiani (Yekti
& Perdana, 2019).

According to Hanover, E-Modules are a new breakthrough in the world of education
in the 21st century, where in education in the 21st century, innovative schools are schools
that use technology and pedagogical approaches which will become increasingly common in
the future.(Fitriani, 2020). Teaching materials in the form of E-Modules have the main aim of
readers being able to absorb material or teaching materials independently (Wibowo &
Pratiwi, 2018). The use of e-modules in the learning process can control the digital-based
learning process, learning is not limited to the classroom, and can organize the content of
teaching materials according to the level of ability of students in accordance with the
competencies expected by the curriculum (Rahmadani, 2023)Not only that, education in the
21st century must also be accompanied by a learning approach that can include various
aspects, both technology and mathematical rules. One learning approach that is very suitable
to be applied in the world of education today is STEM (Science, Technology, Engineering,
and Mathematics).

STEM 1is an interdisciplinary approach that integrates four subjects (Science,
Technology, Engineering, and Mathematics) in solving real-life problems (Tanjung et al.,
2022). Collaboration in the learning process, STEM will help students to collect, analyze and
solve problems that occur and be able to understand the relationship between one problem
and other problems (F. Handayani, 2014). Honey, Pearson, & Schweingrube stated that
education is based STEM forms human resources (HR) who are able to reason and think
critically, logically and systematically, so that they will be able to face global challenges and
be able to improve the country's economy. STEM refers to an individual's ability to apply an
understanding of how intense competition works in the real-world which requires four
interrelated domains (E. Febriyanti, 2018).

The advantages of the STEM approach have been proven in several studies. STEM
can motivate students to design designs, develop and utilize technology, educate cognitive
and affective, as well as apply knowledge, so that students experience increased achievement
both academically and non-academicly (Marsitin & Sesanti, 2022). Other benefits of STEM-
based learning are increasing students' sensitivity to real-world problems, involving students
in team-work, enabling students to provide various answers or solutions with justification,
involving students in applying design process skills, and giving students the opportunity to
improve their answers or products (Utami, 2018). Furthermore, based on research conducted
by Musnidar (2018) It was found that the implementation of STEM-based learning proves
changes in the mindset and way of acting of Indonesian students to meet the criteria for
superior human resources. The design of STEM-based learning activities aims to solve
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problems in everyday life involving 4 scientific literacy disciplines. Considering the
importance of learning mathematics and the availability of e-modules as teaching materials
that can support the learning process, it is necessary to develop STEM-based mathematics e-
modules which are expected to improve the 4C skills of students in vocational schools.

Research Method

The research carried out is Research and Development (R&D) using quantitative and
qualitative methods. The development model used is a development model adapted from
Plomp. There are three stages in the Plomp development model, namely: (1) preliminary
research (2) prototyping phase and (3) assessment phase (Plomp & Nieven, 2013). The data
collection techniques used for qualitative data are observation and interviews. Meanwhile, for
quantitative data, a questionnaire was distributed containing test instruments in the form of
validation instruments, practicality instruments and effectiveness instruments.

For data analysis techniques, validity analysis, practicality analysis and effectiveness
analysis are carried out. Validity analysis uses the Aiken's V statistical formula. Practicality
analysis is carried out by calculating the practicality value. Analysis of the effectiveness of
using E-Modules can be seen from various aspects based on the goals of 21%-century
education, namely that students have the 4C competencies (Critical Learning,
Communication, Collaboration, Creativity) in learning mathematics. Improvements in critical
thinking, creative thinking and communication skills can be seen by giving tests before and
after using the product that has been developed. Improvement can be seen by analyzing and
measuring the Gain value using the equation proposed by Hake (1999). E-Module is declared
effective if the minimum Gain value is within the medium criteria, namely greater than 0.3,
and minimum average score of students' 4C skills assessment is in the good criteria.

Results and Discussion
Preliminary Research

The initial investigation phase or preliminary research is the initial stage carried out
before developing or designing a product. At this stage, identification or analysis of the needs
required for the development of STEM-based mathematics e-modules is carried out.
Activities in this preliminary analysis start from needs analysis, curriculum analysis, student
analysis, concept analysis and literature analysis. Overall, the results of the needs analysis at
the preliminary stage can be seen in Table 2 below.

Table 1 Results of Needs Analysis at the Preliminary Stage

No. Aspects Observed Already  Not Yet
Teaching Materials
1 The designed ATP is in accordance with the curriculum currently N
used.
2 The teaching materials used facilitate the achievement of learning N
objectives.
3 The teaching materials used have been able to facilitate students to N
construct their own understanding.
4 Teaching materials make students interested in learning them. \
5 Teaching materials have encouraged students to improve 4C skills. V
Student’s
6 Students follow the learning well N
7 Students respond to questions given by the teacher (There is good N
interaction)
8 Students grasp learning quickly \
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9 Students ask questions and express opinions during the learning N
process
Learning Model
10 The learning model used is able to direct students to be actively N
involved in the learning process.
11 The learning process is interactive V
Prototyping Phase

a) Prototype Design
The e-module is designed according to the module components and integrates science,
technology, engineering and mathematics so that it is hoped that it can guide students to gain
their own knowledge and be able to improve 4C skills. The e-module developed consists of
several parts, namely, front cover, table of contents, glossary, e-module description,
competencies, instructions for using the e-module, material presentation, practice questions,
and bibliography.
b) Validation of STEM-based E-Modules
1) Expert Review Results
This expert assessment stage is carried out after the e-module has been revised based
on the results of the self-evaluation. Validation is used to assess the validity of the e-
module that has been designed. At this stage, the e-module is validated by three
experts, namely media experts, material experts and language experts. The following
are the validation results of the STEM-based mathematics e-module.
Table 4. STEM-based E-Module Validation Results
No Validated/Expert aspects Validation Value  Category

1.  Media expert 0.966 Valid
2. Material expert 0.807 Valid
3.  Linguist 1.0 Valid
Overall Validity Value 0.924 Valid

Overall, the e-module validation score from media experts was 0.966, from material
experts 0.807, and from language experts was 1.0. This shows that according to
experts, STEM-based e-modules are valid.

2) One-to-one Evaluation Results
One-to-one evaluation is carried out by asking for comments and suggestions from
several students. The number of students used at this stage was 3 students with
different cognitive abilities, namely high, medium and low. The selection of students
is carried out by discussing with mathematics educators. After all learning activities
have been carried out, each student is interviewed regarding the interesting
appearance of the e-module, ease of understanding the e-module instructions, ease of
understanding the material presented, ease of understanding the language, clarity of
writing in the e-module and the time required for students to learn. using e-modules.
Overall, high, medium and low ability students at the one-to-one evaluation stage
were able to use e-modules as teaching materials and were able to understand the
material presented. Apart from that, the attractive colored display of the e-module and
the presence of educational games make students interested in reading and
understanding the material and problems in the e-module.

3) Small Group Evaluation Results
Small group evaluation was carried out on 6 students to test the practicality of the e-
module being developed. The results of the small group practicality test questionnaire
can be seen in Table 5 and Table 6.
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Table 5. Results of the STEM-based E-Module Practicality Questionnaire
(Small Group Evaluation— Student Response)

Practical Value

No. Rated aspect (%) Category
1. Readability and clarity of material 88.54 Very Practical
2. Applicability and ease of use 92.5 Very practical
3. Attractiveness 93.75 Very practical
4. Suitability of time allocation 79.16 Practical
Average 88.48 Very practical

Table 6. Results of Educator Practicality Questionnaire Analysis
Practical value

No. Rated aspect (%) Category
1. Readability and clarity of material 100 Very Practical
2. Applicability and ease of use 90 Very practical
3. Attractiveness 93.75 Very practical
4. Suitability of time allocation 75 Practical
Average 89.68 Very Practical

In Table 4.6 it can be seen that the practicality value of the e-module as a whole is

88.48% in the very practical category, while in table 4.7 the practicality value of the e-

module by educators is 89.68% in the very practical category. Overall, respondents

considered that the STEM-based mathematics e-module for trigonometry comparison

material could be used.
1) Assessment Phase

In the field test activity, the effectiveness of STEM-based mathematics e-modules was
tested as seen from the results of the students' 4C skills assessment. Assessment of students'
4C skills takes the form of tests and non-tests. Non-test assessment is carried out by filling
out a formative assessment questionnaire on students' 4C skills, and for the test questions are
given before and after learning using STEM-based e-modules in the form of essays totaling 3
questions. The percentage results obtained for each 4C skill indicator in the pre-test can be
seen in Table 7.

Table 7. Percentage Results for Each Student's 4C Skill Indicator in the Pre-test

4C SKkills Indicator Percentage (%)
Communication 53,85
Critical Thingking and Probelm Solving 35,58
Creativity 29,81
Collaboration -
Average Percentage (%) 39,74

The percentage results for each indicator of students' 4C skills in the post-test can be seen in
Table 8.
Table 8. Percentage Results for Each Student's 4C Skill Indicator in the Post-test

4C SKills Indicator Percentage (%)
Communication 76,92
Critical Thingking and Probelm Solving 78,85
Creativity 70,19
Collaboration -
Average Percentage (%) 75,32
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Based on Table. 7 and Table. 8. It can be seen that the percentage value of each indicator of
students' 4C skills has increased after participating in learning using STEM-based
mathematics e-modules. Furthermore, to see the effectiveness of STEM-based e-modules, it
can be seen by analyzing and measuring the Gain value. The results of the Gain value
measurement can be seen in Table 9.

Table 9. Result N-Gain

4C SKkills Indicator Scor (<g>) Criteria
Communication 0,50 Curenly
Critical Thingking and Probelm Solving 0,67 Curenly
Creativity 0,58 Curenly
Average N-Gain 0,58 Curenly

Based on Table 9, the Gain value for communication skills has a score of 0.50 with medium
criteria, critical thinking and problem solving has a score of 0.67 with medium criteria, and
creativity has a score of 0.58 in the medium category. Based on the analysis and measurement
of the Gain value, the STEM-based mathematics e-module was declared effective because it
was in the medium criteria with an average Gain value of 0.58. Furthermore, the effectiveness
of STEM-based e-modules can also be seen from the results of the analysis of assessment
questionnaire sheets on students' 4C skills. The results of the student's 4C skills assessment
can be seen in Table 10.
Table 10. Results of Student 4C Skills Assessment

4C Skills Indicator Average of Each — p  4icate
Indicator
Communication 84,38 Good
Critical Thingking and Probelm Solving 79,40 Good
Creativity 75,79 Good
Collaboration 78,18 Good
Rata-Rata 79,00 Good

Based on Table 9, the STEM-based mathematics e-module is declared effective because the
average student score for each 4C skill indicator is in the good category with an average score
of 79.00.
Discussion

1)Characteristics of Valid STEM-based Mathematics E-Modules

Validity is needed to test research accurately, correctly, authentically, and validly. The
STEM-based e-module was declared valid by the validator through several aspects
observed, namely content feasibility aspects, didactic or presentation aspects, graphic or
display aspects and language aspects. Graphic validation is carried out to see the
suitability of the appearance, use of letters, physical criteria, and ease of use of the e-
module (Dafit & Mustika, 2021), material validation to see the suitability of the material
used (Nila & Mustika, 2022). Meanwhile, language validation aims to test the
completeness of the language in terms of the language used (Ismawati & Mustika, 2022).
The STEM-based mathematics e-module on trigonometry comparison material that was
developed has met the product validity requirements with a validation value of 0.924 in
the valid category.

Judging from the content feasibility aspect, STEM-based e-modules have valid
criteria. This shows that the e-module developed is in accordance with the learning
outcomes (CP) and learning objectives contained in the independent curriculum, and the
e-module developed can be seen as a form of learning creativity and innovation. In line
with (Hendri et al., 2021) who state that a valid e-module must have KD, main material
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and development of clear learning objectives so that students understand it more easily.
Clear learning mapping can help students organize the information needed in the learning
process, so that students do not experience misconceptions in receiving learning material
(Darnella et al., 2020). Furthermore, Sari (2020 in Fauziah et al., 2023) said that the
appropriateness of the content of a teaching material can be seen from the preparation of
the material which is carried out systematically and in detail regarding the concepts
presented. According to Mulyadi (2015 in (Astuti et al., 2022), the suitability of the
material functions to increase motivation, interest in learning, and the user's desire to
study the material presented in the teaching materials that have been developed.

From the validation results of the e-module presentation aspect, it can be concluded
that the e-module contains instructions for use, actively involves students in
understanding mathematical concepts, motivates students to ask questions, and learns
mathematics lessons on their own with guided activities and is equipped with examples
and exercise. In line with (Asri & Dwiningsih, 2022) which states that the presentation of
other complementary elements in e-modules such as example questions and practice
questions functions to make it easier for students to learn.

The display aspects formulated are classified as valid. The e-module already has all
the graphic components, namely having an attractive and proportional layout, text,
illustrations and images, choosing appropriate colors and appearance, choosing a
background, appropriate type of writing and font size, overall the e-module being
developed has a good appearance. It's quite clear and interesting. Using the appropriate
font size is important so that the meaning can be conveyed and minimizes
misunderstandings (Syahrul, 2019). The combination of colors and background used must
also be designed to be comfortable and easy to read to produce an attractive appearance
that can influence interest in reading (Mumpuni & Nurbaeti, 2019). In line with this,
(Riefani et al., 2020) stated that the use of real, colorful and familiar images in teaching
materials will provide real experience in improving students' critical thinking abilities.
Permana emphasized that layer design must be considered when developing an e-module
(Febriyanti & Ain, 2021).

The language aspect is also clear, the sentences used in the e-module are in
accordance with Indonesian language rules, the information conveyed is clear, the
sentences are communicative, using the shape and size of letters according to the
characteristics of the students. This is in accordance with the validity value obtained with
the valid category. Communicative language is language that matches the communication
functions of language so that it is easy for readers to understand (Yastini et al., 2018).
Apart from that, when writing, using vocabulary and applying punctuation correctly is
necessary so that the meaning of the writing can be conveyed (Sukirman, 2020).

2)Practicality of STEM-based Mathematics E-Modules

Practicality is used to see the ease of use of the product being developed, namely
STEM-based e-modules. The practicality of the e-module can be known after carrying out
activities at the small group evaluation stage. Practicality can be seen from the results of
the student response questionnaire and the results of interviews with students and
teachers.

a) Student and teacher response questionnaire

Student responses were obtained from giving questionnaires to students who took part

in the small group evaluation. The results of the student response questionnaire at the

small group evaluation stage showed that the overall average practicality of the e-

module was 88.48% with very practical criteria. Teacher responses were obtained
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from giving questionnaires to teachers. The results of the teacher response

questionnaire showed that the overall average practicality of the e-module was

89.68% with very practical criteria.

b) Results of interviews with students

Based on the results of interviews with students, it was concluded that the STEM-

based e-module used was interesting, easy to use and understand, and students

admitted that the presence of links for educational videos and games in the e-module
made them feel happy and enthusiastic about learning.
¢) Results of interviews with teachers

Based on the results of interviews with teachers, it was concluded that the description

of the material presented in the e-module was capable and easy to understand by

teachers and students, the questions contained in the e-module were also able to
support students' understanding and complement the explanation of the material,
delivery The material is interesting and relates to real problems.

Based on the results of student responses and the results of interviews with students

and teachers, it shows that the e-module developed is included in the practical

category, because it is in accordance with Nieveen's opinion in Plomp (2013) which
states that a learning device is said to be practical if the device can be used effectively.
easily by teachers and students in the learning process.

3) Effectiveness of STEM-based Mathematics E-Modules

Effectiveness can be seen from the extent to which STEM-based e-modules have an
influence on students after using them in the learning process. Effectiveness was also
carried out to see whether using STEM-based mathematics e-modules could improve
students' 4C skills. STEM learning is a learning concept that gives students the
opportunity to expand their thinking abilities such as metacognitive skills, critical and
creative thinking. The STEM approach to learning is also able to train students
cognitively, skills and affectively, by integrating four fields of knowledge, namely
Science, Technology, Engineering and Mathematics.

To determine the effectiveness of the e-module, researchers gave tests to students.
The test questions given are 3 questions and are adjusted to the 4C skill indicators. Apart
from the tests, affective and psychomotor assessments were also carried out for each 4C
skill indicator using an assessment questionnaire sheet. Based on the results of the 4C
skills test at the field test stage, it is known that the Gain value obtained for
communication skills is 0.50 with medium criteria, critical thinking and problem solving
skills have a value of 0.67 with medium criteria, and creativity has a score of 0.58 in the
category currently. Based on the analysis and measurement of the Gain value, the STEM-
based mathematics e-module was declared effective because it was in the medium criteria
with an average Gain value of 0.58.

Apart from that, the results of the 4C skills assessment from an affective and
psychomotor perspective show that the average for each indicator is 84.38 for
Communication skills with a good rating, 79.40 for Critical Thinking and Problem
Solving with a good rating, the average for Creativity is 75.79 with a good predicate, and
Collaboration skills have a good predicate with an average of 78.18. It can be concluded
that the e-module developed is effective in improving students' 4C skills.

Conclusion
Based on the findings and data obtained in this research, it can be concluded that; The
STEM-based mathematics e-module for trigonometry comparison material is valid from the
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aspect of appropriate content, didactic/presentation aspect, graphic aspect and language
aspect; The STEM-based mathematics e-module for trigonometry comparison material is
practical from the aspects of readability and clarity of the material, usability and ease of use,
attractiveness, and appropriateness of time allocation; STEM-based mathematics e-modules
for trigonometry comparison material have been effective in improving students' 4C (Critical
Thinking, Communication, Collaboration, Creativity) skills.

Recommendation

This E-Module can be used by mathematics teachers as teaching material in the learning
process. In the e-module, interactive training features are added that students can do directly.
Apart from that, for the smooth implementation of STEM-based mathematics e-modules in
the school environment, schools are expected to improve supporting facilities such as the
availability of computers, projector screens and adequate internet service access so that all
students can access e-modules easily.
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