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ABSTRACT 

This research aims to develop valid and practical Advanced CNC teaching materials based on Mastercam-assisted STEM 
for the Advanced CNC course. Using the ADDIE development model Analyze, Design, Develop, Implement, and Evaluate 
these teaching materials are designed to integrate CNC Milling and Mastercam-assisted Plasma Cutting materials, while 
enhancing the 4C skills (communication, collaboration, critical thinking, and creativity). Validation by material and 
media experts yielded average scores of 4.00 and 3.89, respectively, categorized as excellent. A field trial involving 39 
students yielded a practicality score of 3.63, indicating excellent/practical usability.For the 4C skills, the 
communication aspect achieved 82%, collaboration 87%, critical thinking 92%, and creativity 88%. These results 
confirm that the developed teaching materials meet the criteria for validity and practicality. With a high N-Gain 
improvement, the teaching materials are proven to be effective in supporting learning oriented towards industry needs 
and modern manufacturing technology. 
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INTRODUCTION  
The rapid development of Industry 4.0 has 

accelerated the transformation of modern 
manufacturing systems through digitalization, 
automation, and cyber-physical integration. According 
to the World Economic Forum [1],[2], advanced 
manufacturing technologies have become a strategic 
priority in improving industrial competitiveness. CNC 
technology, particularly CNC milling and CNC plasma 
cutting, has become a central element in modern 
manufacturing systems within the Industry 4.0 
framework [3], [4]. CNC machines utilize computerized 
control systems to ensure high precision, repeatability, 
and production efficiency [5], [6]. 

CNC milling systems are widely implemented in 
manufacturing education through digital simulation 
prior to real machining processes. The integration of 
CNC with CAD/CAM software enables the optimization 
of subtractive manufacturing processes. One of the most 
established CAD/CAM platforms is Mastercam, 
recognized as one of the oldest and most widely used 
CAD/CAM software applications globally [7]. Mastercam 
has been extensively implemented in vocational 
institutions for CNC programming instruction [8], and 
empirical findings indicate that its utilization 

significantly improves students’ competencies in CNC 
milling programming [9]. 

In addition to milling technology, CNC plasma 
cutting represents an advanced thermal cutting process 
that employs highly ionized gas directed by numerical 
control to cut metallic materials such as steel and 
aluminum [10]. The plasma cutting process generates 
extremely high temperatures capable of melting 
materials efficiently, while gas flow removes molten 
residues to produce clean edges [11]. Furthermore, the 
implementation of plasma cutting technology in 
engineering education has been shown to enhance 
students’ confidence and active participation during 
practical learning [12]. 

Despite these advancements, prior studies have 
generally developed instructional materials for CNC 
milling and CNC plasma cutting separately. Research has 
produced CNC milling learning modules using Mach3 
software [13], Android-based digital CNC modules 
developed through the ADDIE model [14], jobsheet-
based instructional materials [15], and plasma cutting 
learning media [16]. Moreover, STEM-based learning 
approaches have demonstrated significant influence on 
students’ critical thinking skills [17] and learning 
outcomes in CNC milling instruction using Mastercam 
[18]. STEM learning integrates science, technology, 
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engineering, and mathematics in problem-solving 
contexts and has strong potential to improve vocational 
learning quality [19], [20]. 

However, the comprehensive integration of CNC 
milling, CNC plasma cutting, STEM pedagogy, and 
Mastercam-based digital simulation into a single 
Advanced CNC instructional module remains limited. 
Existing instructional developments tend to focus on a 
single machining technology and have not combined 
milling and plasma cutting within an integrated STEM-
based framework, particularly in vocational higher 
education. 

Based on the state-of-the-art review, the scientific 
novelty of this study lies in the development of an 
integrated STEM-based Advanced CNC teaching module 
that combines CNC milling and CNC plasma cutting 
technologies supported by Mastercam in a unified 
learning system. This integration aligns digital design, 
simulation, and manufacturing processes within a 
contextual problem-solving framework relevant to 
current industrial digitalization [21]. 

The research problem addressed in this study is 
the absence of comprehensive and integrated teaching 
materials capable of facilitating Advanced CNC learning 
that combines milling and plasma cutting technologies 
within a STEM framework. Accordingly, the research 
hypothesis proposes that the development of a STEM-
based Advanced CNC teaching module integrated with 
Mastercam will result in valid, practical, and effective 

instructional materials that enhance students’ 
competencies in digital manufacturing learning. 

Therefore, the objective of this study is to 
develop and evaluate the feasibility of a STEM-based 
Advanced CNC teaching module integrating CNC milling 
and CNC plasma cutting supported by Mastercam in 
vocational mechanical engineering education  

RESEARCH METHODS  
This research method employed a Research and 

Development (R&D) approach. The researchers 
developed and validated learning materials for an 
Advanced CNC course that combines CNC Milling and 
Plasma Cutting technologies based on STEM using 
Mastercam software and tested their effectiveness. The 
CNC textbook development adheres to the ADDIE 
development model, which includes the stages of 
Analysis, Design, Development, Implementation, and 
Evaluation [22]. The development phase begins with a 
needs analysis, followed by the design of learning 
materials, then the development of learning materials, 
classroom implementation, and evaluation of the 
effectiveness of Advanced CNC learning. The product 
development, in the form of structured learning 
materials, was tested for validity through expert 
validation, its practicality through a questionnaire with 
students who had taken the Advanced CNC course, with 
categories as shown in the table. 

Table 1. Data Tendency Categories [23] 

Score Interval Category 

Mi + 1,5 Sdi  ≤ X ≤ Mi + 3 Sdi Very Good/Valid/Practical 
Mi ≤ X < Mi + 1,5 Sdi Good/Valid/ Practical 
Mi – 1,5 Sdi ≤ X < Mi Poor/Adequately Valid/ Practical 

Mi – 3 Sdi ≤ X < Mi – 1,5 Sdi Very Poor/Less Valid/ Practical 
Meanwhile, the effectiveness of the STEM-based 

CNC textbook in improving students' 4C skills was 
analyzed using the N-Gain formula [24] with a pretest-
posttest control group design [25]. The research 

procedure is described in a research flow diagram that 
combines the ADDIE development concept with STEM 
steps as follows:  

 
Figure 1. ADDIE Development Procedure 

1. Product Trial Design 
Trials are conducted by asking expert 

evaluators to evaluate the product under 
development. Trial respondents are usually selected 
to represent the target group. Product validation 

subjects consist of two experts: a materials expert 
and a media expert.  

The sampling technique used is purposive 
sampling [26]. The sample is selected based on specific 
considerations or criteria deemed relevant by the 
researcher. The trial subjects for the Advanced CAM 
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Teaching Material: Integration of CNC Milling and 
STEM-Based Plasma Cutting Assisted by Mastercam 
were 39 students. The following aspects were assessed 
to test its validity. Media aspect: Design, Language, 
Illustrations, Typography, Layout. Material Aspects: 
Learning, Content/Material. 

 

2. Data Analysis Techniques 
The instrument sheet was analyzed using 

data tendency categories. The resulting assessment 
scores were then converted into values by using a 
tendency category table, Interval categories for 
mean scores, On a scale of 1–4: Mi=2.5, SDi=0.5 

 
Table 2. Data Tendency Categories 

Score Interval Category 

3,25 ≤ X ≤ 4,00 Very Good/Valid/Practical 
2,50 ≤ X < 3,25 Good/Valid/ Practical 
1,75 ≤ X < 2,50 Poor/Adequately Valid/ Practical 
1,00 ≤ X < 1,75 Very Poor/Less Valid/ Practical 

RESULT AND DISCUSSION 
Analysis, Design, Development, Implementation, 

and Evaluation (ADDIE) model development [22] 
1. Define Stage 

Based on observations of several students 
who have completed the advanced CNC course  over 
16 sessions, the observations focused on learning 
activities, learning tools, media used, and teaching 
materials. Learning takes place using a lecture, 
demonstration, and then practice format. However, 
the practical portion relies more heavily on the use 
of the VMV CNC Simulator Milling for Android 
application than Mastercam, and it has not yet been 
integrated with the Plasma Cutting machine. The 
learning tool uses the VMC application, Mastercam 
software for creating milling programs (Facing, 
Countor, Pocket), while CNC Plasma Cutting is still 
limited to pattern or design creation. Learning media 
are still separate for VMC Milling, Mastercam, and 
Plasma Cutting, and there is no integrated module. 
Learning materials lack integration of STEM 
(Science, Technology, Engineering, and 
Mathematics) concepts, resulting in students having 
difficulty setting toolpath parameters in Mastercam, 
and there are no projects combining milling and 
plasma cutting in a single product. A similar finding 
was noted in a vocational education study, which 
demonstrated the need for modules that combine 
simulation, practice, and parameter analysis to 
improve learning outcomes. [27].  

The needs analysis shows the need for 
integrated teaching materials based on STEM, 
Science (Spindle Speed Concept, Feed Rate Concept, 
Cutting Speed Concept, Cut Parameter), Technology 
(Mastercam Software, VMC Simulator, Plasma 
Cutting), Engineering (Basic determination of 
Tool/Nozzle Movement, Direction of 
Movement/Program Code), Mathematics (Spindle 
Speed, Feed Rate, Cutting Speed, Cut Parameter). 
Practical and portfolio assessment rubrics. This 
integration is in line with research recommendations 
on strengthening digital manufacturing skills and 
standardized learning modules that can be 
replicated in other institutions [28]. This finding is 
consistent with the literature showing the 
effectiveness of practical modules and PjBL in CNC 
learning [29]. 74% stated they needed more 

practical Mastercam teaching materials that 
integrated CNC Milling and Plasma Cutting. 82% 
needed project examples that integrated both 
machines. 69% felt the need for STEM-based 
learning that helps them understand the technical 
rationale behind each machining decision. 61% had 
difficulty reading toolpath simulation results. 
Project-Based Learning (PjBL) can enhance 
creativity and academic achievement. Therefore, 
developing teaching materials that are not only 
informative but also include integrated milling-
plasma cutting projects will be more suited to 
student needs and closer to actual manufacturing 
practices [30]. Practical learning provides hands-on, 
focused experience, and is supported by adequate 
tools/modules, which tends to improve student 
understanding [31] . 

Interviews with lecturers teaching advanced 
CNC courses strongly support the development of 
integrated modules that emphasize student 
understanding. While teaching materials exist, they 
do not yet integrate plasma cutting, nor does a STEM 
module exist, leading lecturers to deliver science and 
engineering concepts verbally without structure. 
Lecturers emphasize that students often memorize 
Mastercam steps without understanding the 
technical logic. Lecturers hope for a comprehensive 
module that explains cutting principles, provides 
examples of integrated designs (milling + plasma) in 
the Mastercam application, and clearly lists 
machining parameters. Developing modules with a 
STEM approach is considered relevant to industry 
needs [31]. Support from previous research on 
practicum-based learning, module development, and 
PjBL reinforces that this integrated module 
development solution has a sufficient empirical basis 
[31]. 

2. Design Stage 
Developing the initial design of STEM-based 

open materials and integration. The developer 
determines the specific competencies achieved by 
students, methods, open materials, learning 
strategies and learning media. Overall, Advanced 
CNC Teaching Materials for Integration of CNC 
Milling and Plasma Cutting Based on STEM Assisted 
by Mastercam consist of parts that are arranged to 
become a good book. The arrangement of teaching 
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materials includes Cover section, Foreword, Table of 
contents, List of figures, List of tables. The core 
section consists of 5 chapters, namely Introduction, 
CNC Milling, Plasma Cutting, Mastercam Software, 

Integration of CNC Milling and Plasma Cutting with 
Mastercam. Then at the end there is a Bibliography, 
Glossary, Index List and About the author  

 

 
Figure 2. Teaching Material Prototype 

3. Development Stage 
This development stage is carried out by 

developing the cover title of the learning material, 
script and material, editing media, and creating 
products and assembling media elements such as 
text, images and illustrations. The development of 
STEM-based learning materials on CNC Milling and 
Plasma Cutting materials is integrated into one unit 
in the Mastercam application following the steps 
described in the design stage. Therefore, at this 
development stage, a prototype of STEM-based 
learning materials on CNC Milling and Plasma 
Cutting materials using Mastercam has been created. 
The following Learning Activities with the STEM 
Approach consist of structured learning steps, 
including Ask questions, Research, Imagine 
(Brainstorming), Plan, Create (Build a prototype), 
Test and Improve. STEM Learning Plan: 

Understanding CNC Milling and Plasma Cutting with 
the help of Mastercam. 

At this stage, the researcher submitted the 
instructional material prototype along with the 
research instruments to material and media expert 
validators. The experts assessed the quality of the 
instructional material and provided the necessary 
feedback for improving both the content and the 
visual presentation. 
Material Expert Validation 

Material Expert Validation In this 
development, the material expert validator was 
Romy Saputra, S.Pd., M.Pd.T. The learning and 
content/material components were developed into 
46 indicators. Based on the validation process 
conducted by this expert, the assessment data were 
obtained as described below. 

Table 3. Table of Material Expert Validation 
Assessment Aspects Validator 

Learning 4.00 
Content/Material 4.00 

Average 4.00 
The table above shows the results of the 

material expert validation, with an average aspect 
score of 4.00, falling into the valid category. Using 
intervals to convert these scores into specific 
categories using a trend table, 3.25 ≤ X ≤ 4 falls into 
the Very Good category. The material expert 
assessment, with an average score of 4.00, falls into 
the valid category. From the assessment results 
received, it can be concluded that trials and 
improvements can be implemented based on the 
results of the material expert validation assessment, 

in accordance with the recommendations. Students 
can experiment with the media. 
Media Expert Validation 

The media expert validation in this 
development is Efri Meldianto, S.Pd., M.Pd. The 
Media Expert Aspect consists of 5 aspects, namely 
Design (4 Indicators), Language (5 Indicators), 
Illustration (3 Indicators), Typography (4 Indicators) 
and Layout (3 Indicators), consisting of 38 
statements. 

 
Table 4. Table of Media Expert Validation 

Assessment 
Aspects 

Validator 

Design 3.75 
Language 3.88 

Illustration 4.00 
Typography 3.83 

Layout 4.00 
Average 3.89 
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The table above shows the results of media 
expert validation, with an average aspect assessment 
of 3.89, which is included in the valid category. If 
using intervals to convert these scores into specific 
categories using a trend table, 3.25 ≤ X ≤ 4 is in the 
Very Good category. From the assessment results 
received, it can be concluded that trials and 
improvements can be carried out based on the 
results of the material and media expert validation 
assessments in accordance with the 
recommendations. This is in line with the research 
findings [32], [33], who stated that learning tools 
categorized as feasible can be used in the learning 
process. research [34]showed that the results of the 
syllabus and lesson plans validation categorized as 
feasible can be used in learning. Therefore, it can be 
concluded that interactive science modules based on 
ethnoscience and critical thinking skills instruments 
can be implemented in science learning. 

4. Implementation Stage 
The teaching materials were finalized, 

validated, and pilot-tested for validity and 
practicality. They were then implemented with a 
wider group of students in a real-life learning 
environment to gauge the effectiveness of the STEM-

based teaching materials. Next, pre-tests and post-
tests were administered to measure students' STEM 
skill levels using the teaching materials. 

The user testing phase was conducted to 
assess the effectiveness of the STEM model in 
improving STEM skills. STEM skills were measured 
in two stages: through an e-learning quiz and 
observation of the 4C skills (communication, 
collaboration, critical thinking, and creativity). The e-
learning quizzes were administered as pre- and post-
tests, and improvements were then assessed using 
N-gain and the average. 

Based on the calculation results, the N-Gain 
was 0.72, thus concluding that the increase in 
learning outcomes was in the high category. The 
average pretest score was 58.67 and the posttest 
score was 90.15, indicating a significant increase in 
competency after the STEM-Based Advanced CNC 
learning process. 

Measurement of the improvement in the 4C 
skills was conducted through observation. These 
skills included communication, collaboration, critical 
thinking, and creativity. The following are the results 
of the 4C skills measurements 

82%
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88%
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Figure 3.  4C Skills 

5. Evaluation Stage 
Product evaluation stage: Analyzing data 

from experts and respondent questionnaires to 
determine the validity and practicality of STEM-
based teaching materials. The evaluation stage is the 
final stage in the ADDIE development model, which 
aims to measure the achievement of learning 
objectives, the quality of the developed teaching 
materials, and the effectiveness of their 
implementation in improving students' STEM skills 
in the Advanced CNC course. 

This development resulted in STEM-Based 
CNC Teaching Materials for Vocational Education 
that are feasible and practical. The development 
procedure used the Analysis, Design, Development, 
Implementation, and Evaluation (ADDIE) model [35], 
[36], [37]. The Analyze stage comprises learning 
activities, learning tools, media used, and teaching 
materials. The Design stage determines the specific 
competencies achieved by students, methods, 
teaching materials, learning strategies, and learning 
media. The Development Stage consists of Validation 
by a team of experts; First Revision; Individual 
Evaluation (one on one); Second Revision; Small 

Group; and Third Revision; Field Testing. Based on 
the results of the validity and practicality tests, it is 
hoped that the teaching material will be valid and 
practical for use in the teaching and learning process 
in the Mechanical Engineering Education study 
program. After trials and testing, the Advanced CNC 
teaching material was developed. The developed 
product is valid and practical in supporting the 
learning and teaching process of the Advanced CAD 
course. This can be seen from the validity results of 
the material and media experts who obtained an 
average score of 4.00 from the material experts and 
3.89 from the media experts, which can be 
categorized as teaching materials that have been 
developed have been included in the valid category 
and are worthy of being tested with revisions 
according to the suggestions of material experts and 
media experts [38], [39]. This means that the 
teaching materials are valid and suitable for use. 
Parameters assessed by the teaching materials 
development experts include feasibility factors that 
require valid content, presentation, and language 
before being used in the next test. This shows that 
the validation test for creating good teaching 
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materials is related to the theoretical foundation of 
development and to determine whether the teaching 
materials are used in the learning process. This 
aligns with research [40], which concluded that 
ethnoscience-based student worksheets are suitable 
for use and can improve skills. Research [41], [42] 
concluded that ethnoscience-based modules can 
improve students' critical thinking. Research [43] 
demonstrated that ethnoscience e-modules achieved 
suitable results for use in learning. Research [44] 
shows that the STEM-based PBL model has a 
moderate influence on creative thinking skills. The 
results of research [43], [45]can be concluded that 
through STEM learning, students' skills are 
improved. [46]concluded that ethnoscience can 
improve higher-order thinking skills, one of which is 
improving students' critical thinking skills. If the 
development product is richer than textbooks and 
easy to use by students or educators, it is considered 
practical. In a one-to-one trial, the teaching materials 
were tested with three students with different 
academic abilities by providing responses in the 
form of comments and completing an assessment 
questionnaire. The results showed that the practical 
guidebook was used in this trial, with a distribution 
ratio of 67% very practical and 33% practical. Small 
Group trials were conducted with 39 students of 
various academic ability levels who provided their 
responses in the form of comments and completing 
an assessment questionnaire. The results showed an 
average of 3.63 in the practical category with a score 
distribution ratio of 90.75%, indicating that the 
Practical learning materials were used in small-
group trials. in line with research [47], practical 
interactive multimedia can be used easily by 
students in the learning process. 

The practicality test focused on data on 
students' ability to confirm success in improving 
STEM skills. Therefore, the validity and practicality 
of the learning materials were declared appropriate 
and practical to support the learning process of the 
Advanced CNC course. The learning materials were 
finalized, validated, and tested for validity and 
practicality. They were implemented with a wider 
group of students in a real-life learning environment 
to measure the effectiveness of the STEM-based 
learning materials. The calculation results yielded an 
N-Gain of 0.72, concluding that STEM skills were in 
the high category, which concludes that STEM skills 
are in the high category, In line with the [35] N-Gain 
of 82, which indicates a high category.   

The average pretest score was 58.67 and the 
posttest score was 90.15, indicating a significant 
increase in competency after the Advanced CNC 
Integration of CNC Milling and CNC Plasma Cutting 
Based on STEM with the assistance of Mastercam. 
This aligns with the research findings [48] on 
Project-Based STEAM Learning (PjBL-STEAM), 
which has been shown to be effective in developing 
students' creativity, collaboration, and problem-
solving skills.  

In addition, there was an increase in each of 
the 4C skills. Communication reached 82%, 
collaboration 87%, critical thinking 92%, and 
creativity 88%. STEM activities are designed to be 
carried out in groups, thus improving students' skills 
in collaboration, critical thinking, and creativity, 
while communication still needs to be improved. 
Relevant to research [32]. The results show that the 
developed module has valid, practical, and effective 
criteria for improving students' critical thinking 
skills. 

CONCLUSION  
Based on the results and discussion, it can be 

concluded that the Development of Advanced CNC 
Teaching Materials integrated with Mastercam CNC 
Milling and STEM-Based Plasma Cutting is proven to be 
valid, practical, and effective to use. The STEM model 
can improve STEM skills by integrating Mastercam-
assisted CNC Milling and Plasma Cutting materials 
related to Trellis Fence Design. Improved STEM skills 
can be obtained through STEM-based learning models. 
For further research, broader integration can be carried 
out for several courses. So that students' mastery of the 
material is more comprehensive and relevant to the 
industrial world. 
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