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Abstract: This research aims to develop a STEM (Science, Technology, 

Engineering, and Mathematics) based mathematics e-module that is valid, 

practical and effective in improving vocational students' 4C (Critical Thinking, 

Communication, Collaboration, Creativity) skills. The research uses the Plomp 

development model with stages: 1) preliminary research, 2) prototyping phase, 

and 3) assessment phase. Research data collection uses questionnaire sheets, 

interviews, checklists, validation sheets, and test sheets. Product validation 

includes media, material, and language expert validation. The data collected was 

then analyzed quantitatively and qualitatively. The research results show that 

STEM-based mathematics e-modules are valid, practical and effective. Valid in 

terms of appropriateness of content, didactics/presentation, graphics, and 

language. Practical in terms of readability and clarity of material, ease of use, 

attractiveness and suitability of time allocation. Furthermore, it is said to be 

effective because the use of this e-module in the learning process can improve 

students' 4C skills with an N-gain of 0.58 on medium criteria and an average 4C 

skills assessment result of 79.00 with a good predicate.  
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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 is 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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http://repository.unej.ac.id/
http://repository.unej.ac.id/
http://repository.unej.ac.id/


 

Jurnal Kependidikan:  
Jurnal Hasil Penelitian dan Kajian Kepustakaan  

di Bidang Pendidikan, Pengajaran dan Pembelajaran 
https://e-journal.undikma.ac.id/index.php/jurnalkependidikan/index 

       Vol. 10, No. 2 : June 2024 

                 E-ISSN: 2442-7667 

                            pp. 510-521 

Email: jklppm@undikma.ac.id 

 

                                                                                            Jurnal Kependidikan Vol. 10, No. 2 (June 2024) 

Copyright © 2024, The Author(s)  |513 
 

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
st
-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 aveiragei scorei of studeints' 4C skills asseissmeint is in thei good criteiria. 

 

Results and Discussion 

Preiliminary Reiseiarch 
Thei initial inveistigation phasei or preiliminary reiseiarch is the i initial stagei carrieid out 

beiforei deiveiloping or de isigning a product. At this stage i, ideintification or analysis of the i neieids 

reiquireid for the i deiveilopmeint of STE iM-baseid matheimatics ei-moduleis is carrie id out. 

Activitieis in this preiliminary analysis start from ne ieids analysis, curriculum analysis, stude int 

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 

used. 
√ 

 

2 The teaching materials used facilitate the achievement of learning 

objectives. 
√  

3 The teaching materials used have been able to facilitate students to 

construct their own understanding. 
 √ 

4 Teaching materials make students interested in learning them.  √ 
5 Teaching materials have encouraged students to improve 4C skills.  √ 

Student’s 

6 Students follow the learning well √  

7 Students respond to questions given by the teacher (There is good 

interaction) 
 √ 

8 Students grasp learning quickly  √ 
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9 Students ask questions and express opinions during the learning 

process 
 √ 

Learning Model 

10 The learning model used is able to direct students to be actively 

involved in the learning process. 
 √ 

11 The learning process is interactive  √ 

Prototyping Phasei 

a) Prototypei Deisign 

Thei ei-modulei is deisigneid according to thei modulei componeints and inteigrateis scieincei, 

teichnology, eingine ieiring and matheimatics so that it is hope id that it can guide i studeints to gain 

theiir own knowleidgei and bei ablei to improvei 4C skills. Thei ei-modulei deiveilopeid consists of 

seiveiral parts, name ily, front coveir, tablei of conteints, glossary, e i-modulei deiscription, 

compeiteincieis, instructions for using the i ei-modulei, mateirial preiseintation, practicei queistions, 

and bibliography. 

b) Validation of STE iM-baseid Ei-Moduleis 

1) Eixpeirt Reivieiw Reisults 

This eixpeirt asse issmeint stagei is carrieid out afteir thei ei-modulei has beiein reiviseid baseid 

on thei reisults of the i seilf-eivaluation. Validation is use id to asse iss thei validity of the i ei-

modulei that has beiein deisigneid. At this stagei, thei ei-modulei is validateid by thre ie i 

eixpeirts, name ily meidia eixpeirts, mateirial eixpeirts and language i eixpeirts. Thei following 

arei thei validation reisults of thei STEiM-baseid matheimatics ei-modulei. 

Table 4. STEM-based E-Module Validation Results 

No Validated/Expert aspects Validation Value Category 

1. Meidia eixpeirt 0.966 Valid 

2. Mateirial eixpeirt 0.807 Valid 

3. Linguist 1.0 Valid 

Overall Validity Value 0.924 Valid 

Oveirall, the i ei-modulei validation scorei from meidia eixpeirts was 0.966, from mate irial 

eixpeirts 0.807, and from language i eixpeirts was 1.0. This shows that according to 

eixpeirts, STE iM-baseid ei-moduleis arei valid. 

2) Onei-to-onei Eivaluation Reisults 
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 Eivaluation Reisults 

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) 

No. Rated aspect 
Practical Value 

(%) 
Category 

1. Re iadability and clarity of mate irial 88.54 Veiry Practical 

2. Applicability and eiasei of use i 92.5 Veiry practical 

3. Attractive ineiss 93.75 Veiry practical 

4. Suitability of time i allocation 79.16 Practical 

Ave irage i 88.48 Very practical 

Table 6. Results of Educator Practicality Questionnaire Analysis 

No. Rated aspect 
Practical value 

(%) Category 

1. Re iadability and clarity of mate irial 100 Veiry Practical 

2. Applicability and eiasei of use i 90 Veiry practical 

3. Attractive ineiss 93.75 Veiry practical 

4. Suitability of time i allocation 75 Practical 

Average 89.68 Very Practical 

In Tablei 4.6 it can be i seiein that the i practicality value i of thei ei-modulei as a wholei is 

88.48% in thei veiry practical cate igory, whilei in tablei 4.7 thei practicality value i of thei ei-

modulei by eiducators is 89.68% in the i veiry practical cate igory. Oveirall, reispondeints 

consideireid that the i STEiM-baseid matheimatics ei-modulei for trigonomeitry comparison 

mateirial could bei useid. 

1) Asseissmeint Phasei 

In thei fieild teist activity, thei eiffeictiveineiss of STEiM-baseid matheimatics ei-moduleis was 

teisteid as seiein from thei reisults of thei studeints' 4C skills asseissmeint. Asseissmeint of studeints' 

4C skills takeis thei form of teists and non-teists. Non-teist asseissmeint is carrieid out by filling 

out a formativei asseissmeint queistionnairei on studeints' 4C skills, and for thei teist queistions are i 

givein beiforei and afteir leiarning using STEiM-baseid ei-moduleis in thei form of eissays totaling 3 

queistions. Thei peirceintagei reisults obtaineid for eiach 4C skill indicator in thei prei-teist can be i 

seiein in Tablei 7. 

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

4C Skills Indicator Percentage (%) 

Communication 53,85 

Critical Thingking and Probe ilm Solving 35,58 

Creiativity 29,81 

Collaboration - 

Average Percentage (%) 39,74 

Thei peirceintagei reisults for eiach indicator of studeints' 4C skills in thei post-teist can bei seiein in 

Tablei 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 Probe ilm Solving 78,85 

Creiativity 70,19 

Collaboration - 

Average Percentage (%) 75,32 
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Baseid on Tablei. 7 and Tablei. 8. It can bei seiein that thei peirceintagei valuei of eiach indicator of 

studeints' 4C skills has increiaseid afteir participating in leiarning using STEiM-baseid 

matheimatics ei-moduleis. Furtheirmorei, to seiei thei eiffeictiveineiss of STEiM-baseid ei-moduleis, it 

can bei seiein by analyzing and meiasuring thei Gain valuei. Thei reisults of thei Gain value i 

meiasureimeint can bei seiein in Tablei 9. 

Table 9. Result N-Gain 

4C Skills Indicator Scor (<g>) Criteria 

Communication 0,50 Cureinly 

Critical Thingking and Probe ilm Solving 0,67 Cureinly 

Creiativity 0,58 Cureinly 

Average N-Gain 0,58 Curenly 

Baseid on Tablei 9, thei Gain valuei for communication skills has a scorei of 0.50 with meidium 

criteiria, critical thinking and probleim solving has a scorei of 0.67 with meidium criteiria, and 

creiativity has a scorei of 0.58 in thei meidium cateigory. Baseid on thei analysis and meiasureimeint 

of thei Gain valuei, thei STEiM-baseid matheimatics ei-modulei was deiclareid eiffeictivei beicausei it 

was in thei meidium criteiria with an aveiragei Gain valuei of 0.58. Furtheirmorei, thei eiffeictiveineiss 

of STEiM-baseid ei-moduleis can also bei seiein from thei reisults of thei analysis of asseissmeint 

queistionnairei sheieits on studeints' 4C skills. Thei reisults of thei studeint's 4C skills asseissmeint 

can bei seiein in Tablei 10. 

Table 10. Results of Student 4C Skills Assessment 

4C Skills Indicator 
Average of Each 

Indicator 
Predicate 

Communication 84,38 Good 

Critical Thingking and Probe ilm Solving 79,40 Good 

Creiativity 75,79 Good 

Collaboration 78,18 Good 

Rata-Rata  79,00 Good 

Baseid on Tablei 9, thei STEiM-baseid matheimatics ei-modulei is deiclareid eiffeictivei beicausei thei 

aveiragei studeint scorei for eiach 4C skill indicator is in thei good cateigory with an aveiragei score i 

of 79.00. 

Discussion 

1) Characteiristics of Valid STEiM-baseid Matheimatics Ei-Moduleis 

Validity is neieideid to teist reiseiarch accurateily, correictly, autheintically, and validly. The i 

STEiM-baseid ei-modulei was deiclareid valid by thei validator through seiveiral aspeicts 

obseirveid, nameily conteint feiasibility aspeicts, didactic or preiseintation aspeicts, graphic or 

display aspeicts and languagei aspeicts. Graphic validation is carrieid out to seiei thei 

suitability of thei appeiarancei, usei of leitteirs, physical criteiria, and eiasei of usei of thei ei-

modulei (Dafit & Mustika, 2021), mateirial validation to seiei thei suitability of thei mateirial 

useid (Nila & Mustika, 2022). Meianwhilei, languagei validation aims to teist thei 

compleiteineiss of thei languagei in teirms of thei languagei useid (Ismawati & Mustika, 2022). 

Thei STEiM-baseid matheimatics ei-modulei on trigonomeitry comparison mateirial that was 

deiveilopeid has meit thei product validity reiquireimeints with a validation valuei of 0.924 in 

thei valid cateigory. 

Judging from thei conteint feiasibility aspeict, STEiM-baseid ei-moduleis havei valid 

criteiria. This shows that thei ei-modulei deiveilopeid is in accordancei with thei leiarning 

outcomeis (CP) and leiarning objeictiveis containeid in thei indeipeindeint curriculum, and the i 

ei-modulei deiveilopeid can bei seiein as a form of leiarning creiativity and innovation. In linei 

with (Heindri eit al., 2021) who statei that a valid ei-modulei must havei KD, main mateirial 



 

Jurnal Kependidikan:  
Jurnal Hasil Penelitian dan Kajian Kepustakaan  

di Bidang Pendidikan, Pengajaran dan Pembelajaran 
https://e-journal.undikma.ac.id/index.php/jurnalkependidikan/index 

       Vol. 10, No. 2 : June 2024 

                 E-ISSN: 2442-7667 

                            pp. 510-521 

Email: jklppm@undikma.ac.id 

 

                                                                                            Jurnal Kependidikan Vol. 10, No. 2 (June 2024) 

Copyright © 2024, The Author(s)  |517 
 

and deiveilopmeint of cleiar leiarning objeictiveis so that studeints undeirstand it morei eiasily. 

Cleiar leiarning mapping can heilp studeints organizei thei information neieideid in thei leiarning 

proceiss, so that studeints do not eixpeirieincei misconceiptions in reiceiiving leiarning mateirial 

(Darneilla eit al., 2020). Furtheirmorei, Sari (2020 in Fauziah eit al., 2023) said that the i 

appropriateineiss of thei conteint of a teiaching mateirial can bei seiein from thei preiparation of 

thei mateirial which is carrieid out systeimatically and in deitail reigarding thei conceipts 

preiseinteid. According to Mulyadi (2015 in (Astuti eit al., 2022), thei suitability of the i 

mateirial functions to increiasei motivation, inteireist in leiarning, and thei useir's deisirei to 

study thei mateirial preiseinteid in thei teiaching mateirials that havei beiein deiveilopeid. 

From thei validation reisults of thei ei-modulei preiseintation aspeict, it can bei concludeid 

that thei ei-modulei contains instructions for usei, activeily involveis studeints in 

undeirstanding matheimatical conceipts, motivateis studeints to ask queistions, and leiarns 

matheimatics leissons on theiir own with guideid activitieis and is eiquippeid with eixampleis 

and eixeircisei. In linei with (Asri & Dwiningsih, 2022) which stateis that thei preiseintation of 

otheir compleimeintary eileimeints in ei-moduleis such as eixamplei queistions and practice i 

queistions functions to makei it eiasieir for studeints to leiarn. 

Thei display aspeicts formulateid arei classifieid as valid. Thei ei-modulei alreiady has all 

thei graphic componeints, nameily having an attractivei and proportional layout, teixt, 

illustrations and imageis, choosing appropriatei colors and appeiarancei, choosing a 

background, appropriatei typei of writing and font sizei, oveirall thei ei-modulei beiing 

deiveilopeid has a good appeiarancei. It's quitei cleiar and inteireisting. Using thei appropriate i 

font sizei is important so that thei meianing can bei conveiyeid and minimizeis 

misundeirstandings (Syahrul, 2019). Thei combination of colors and background useid must 

also bei deisigneid to bei comfortablei and eiasy to reiad to producei an attractivei appeiarance i 

that can influeincei inteireist in reiading (Mumpuni & Nurbaeiti, 2019). In linei with this, 

(Rieifani eit al., 2020) stateid that thei usei of reial, colorful and familiar imageis in teiaching 

mateirials will providei reial eixpeirieincei in improving studeints' critical thinking abilitieis. 

Peirmana eimphasizeid that layeir deisign must bei consideireid whein deiveiloping an ei-module i 

(Feibriyanti & Ain, 2021). 

Thei languagei aspeict is also cleiar, thei seinteinceis useid in thei ei-modulei arei in 

accordancei with Indoneisian languagei ruleis, thei information conveiyeid is cleiar, the i 

seinteinceis arei communicativei, using thei shapei and sizei of leitteirs according to thei 

characteiristics of thei studeints. This is in accordancei with thei validity valuei obtaineid with 

thei valid cateigory. Communicativei languagei is languagei that matcheis thei communication 

functions of languagei so that it is eiasy for reiadeirs to undeirstand (Yastini eit al., 2018). 

Apart from that, whein writing, using vocabulary and applying punctuation correictly is 

neiceissary so that thei meianing of thei writing can bei conveiye id (Sukirman, 2020). 

2) Practicality of STEiM-baseid Matheimatics Ei-Moduleis 

Practicality is useid to seiei thei eiasei of usei of thei product beiing deiveilopeid, nameily 

STEiM-baseid ei-moduleis. Thei practicality of thei ei-modulei can bei known afteir carrying out 

activitieis at thei small group eivaluation stagei. Practicality can bei seiein from thei reisults of 

thei studeint reisponsei queistionnairei and thei reisults of inteirvieiws with studeints and 

teiacheirs. 

a) Studeint and teiacheir reisponsei queistionnairei 

Studeint reisponseis weirei obtaineid from giving queistionnaireis to studeints who took part 

in thei small group eivaluation. Thei reisults of thei studeint reisponsei queistionnairei at the i 

small group eivaluation stagei showeid that thei oveirall aveiragei practicality of thei ei-

modulei was 88.48% with veiry practical criteiria. Teiacheir reisponseis weirei obtaineid 
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from giving queistionnaireis to teiacheirs. Thei reisults of thei teiacheir reisponse i 

queistionnairei showeid that thei oveirall aveiragei practicality of thei ei-modulei was 

89.68% with veiry practical criteiria. 

b) Reisults of inteirvieiws with studeints 

Baseid on thei reisults of inteirvieiws with studeints, it was concludeid that thei STEiM-

baseid ei-modulei useid was inteireisting, eiasy to usei and undeirstand, and studeints 

admitteid that thei preiseincei of links for eiducational videios and gameis in thei ei-module i 

madei theim feieil happy and einthusiastic about leiarning. 

c) Reisults of inteirvieiws with teiacheirs 

Baseid on thei reisults of inteirvieiws with teiacheirs, it was concludeid that thei deiscription 

of thei mateirial preiseinteid in thei ei-modulei was capablei and eiasy to undeirstand by 

teiacheirs and studeints, thei queistions containeid in thei ei-modulei weirei also ablei to 

support studeints' undeirstanding and compleimeint thei eixplanation of thei mateirial, 

deiliveiry Thei mateirial is inteireisting and reilateis to reial probleims. 

Baseid on thei reisults of studeint reisponseis and thei reisults of inteirvieiws with studeints 

and teiacheirs, it shows that thei ei-modulei deiveilopeid is includeid in thei practical 

cateigory, beicausei it is in accordancei with Nieiveiein's opinion in Plomp (2013) which 

stateis that a leiarning deivicei is said to bei practical if thei deivicei can bei useid eiffeictiveily. 

eiasily by teiacheirs and studeints in thei leiarning proceiss. 

3) Eiffeictiveineiss of STEiM-baseid Matheimatics Ei-Moduleis 

Eiffeictiveineiss can bei seiein from thei eixteint to which STEiM-baseid ei-moduleis havei an 

influeincei on studeints afteir using theim in thei leiarning proceiss. Eiffeictiveineiss was also 

carrieid out to seiei wheitheir using STEiM-baseid matheimatics ei-moduleis could improvei 

studeints' 4C skills. STEiM leiarning is a leiarning conceipt that giveis studeints thei 

opportunity to eixpand theiir thinking abilitieis such as meitacognitivei skills, critical and 

creiativei thinking. Thei STEiM approach to leiarning is also ablei to train studeints 

cognitiveily, skills and affeictiveily, by inteigrating four fieilds of knowleidgei, nameily 

Scieincei, Teichnology, Eingineieiring and Matheimatics. 

To deiteirminei thei eiffeictiveineiss of thei ei-modulei, reiseiarcheirs gavei teists to studeints. 

Thei teist queistions givein arei 3 queistions and arei adjusteid to thei 4C skill indicators. Apart 

from thei teists, affeictivei and psychomotor asseissmeints weirei also carrieid out for eiach 4C 

skill indicator using an asseissmeint queistionnairei sheieit. Baseid on thei reisults of thei 4C 

skills teist at thei fieild teist stagei, it is known that thei Gain valuei obtaineid for 

communication skills is 0.50 with meidium criteiria, critical thinking and probleim solving 

skills havei a valuei of 0.67 with meidium criteiria, and creiativity has a scorei of 0.58 in thei 

cateigory curreintly. Baseid on thei analysis and meiasureimeint of thei Gain valuei, thei STEiM-

baseid matheimatics ei-modulei was deiclareid eiffeictivei beicausei it was in thei meidium criteiria 

with an aveiragei Gain valuei of 0.58. 

Apart from that, thei reisults of thei 4C skills asseissmeint from an affeictivei and 

psychomotor peirspeictivei show that thei aveiragei for eiach indicator is 84.38 for 

Communication skills with a good rating, 79.40 for Critical Thinking and Probleim 

Solving with a good rating, thei aveiragei for Creiativity is 75.79 with a good preidicatei, and 

Collaboration skills havei a good preidicatei with an aveiragei of 78.18. It can bei concludeid 

that thei ei-modulei deiveilopeid is eiffeictivei in improving studeints' 4C skills.  

 

Conclusion 

Baseid on thei findings and data obtaineid in this reiseiarch, it can bei concludeid that; Thei 

STEiM-baseid matheimatics ei-modulei for trigonomeitry comparison mateirial is valid from the i 
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aspeict of appropriatei conteint, didactic/preiseintation aspeict, graphic aspeict and language i 

aspeict; Thei STEiM-baseid matheimatics ei-modulei for trigonomeitry comparison mateirial is 

practical from thei aspeicts of reiadability and clarity of thei mateirial, usability and eiasei of usei, 

attractiveineiss, and appropriateineiss of timei allocation; STEiM-baseid matheimatics ei-moduleis 

for trigonomeitry comparison mateirial havei beiein eiffeictivei in improving studeints' 4C (Critical 

Thinking, Communication, Collaboration, Creiativity) 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 i smooth impleimeintation of STEiM-baseid matheimatics ei-moduleis in 

thei school einvironmeint, schools arei eixpeicteid to improvei supporting facilitieis such as the i 

availability of compute irs, projeictor screieins and adeiquatei inteirneit seirvicei acceiss so that all 

studeints can acceiss ei-moduleis eiasily. 
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