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Abstract: The development video tutorials was carried out to address the 
challenges in learning CNC/CAM at Vocational High Schools (SMK), especially 
in the CNC/CAM subject. In this research, the 4D model (Define, Design, 
Develop, and Disseminate) stages of development were employed, which include 
needs analysis, design, development, and dissemination. The validation results 
by media experts and subject matter experts indicate that these video tutorials are 
highly suitable, with a validity percentage of 89.24% by media experts and 85% 
by subject matter experts. These results demonstrate that the CAM learning 
videos developed through the 4D model are suitable for use in the learning 
process. The development of video tutorials for CNC/CAM learning in vocational 
high schools can be an effective solution to overcome challenges in students' 
understanding and skills in this subject. By using the 4D model for development, 
the high validation results from media and subject matter experts indicate that 
these video tutorials have excellent quality. The use of these video tutorials is 
expected to enhance students' understanding and skills in the field of CNC/CAM, 
which are crucial for their preparation in the industrial world. Furthermore, this 
research also provides recommendations for utilizing these video tutorials in 
broader learning contexts, teacher training, and the development of other 
materials.  
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Introduction  
 

Education has become a fundamental need for 
every human being, as it is essential from birth 
throughout one's life. Education is a complex learning 
process that evolves in parallel with human 
development. This aligns with Purnama Sari's 
explanation (2018:1), which states that education is a 
complex process, and its complexity always evolves 
with human development. Education fundamentally 
aims to humanize individuals. It should encourage 
people to engage in the process of personal 
improvement, fostering self-confidence, nurturing 
curiosity, and enhancing knowledge throughout their 
lives. Consequently, education aims to improve the 
quality of life and society (Ambiyar, 2012). Education 

serves as a measure of a nation's progress, as per 
Government Regulation No. 57 of 2021, as cited in Arif 
(2022), which emphasizes that learners should actively 
develop their potential, including spiritual strength, self-
control, personality, intelligence, noble character, and 
necessary skills for themselves, society, the nation, and 
the state. 

Vocational education is one of the means of 
developing human resources that can contribute to a 
nation's growth. According to Watrianthos (2022), the 
education system in Indonesia separates vocational 
education from academic education. Vocational 
education, which was previously not the primary focus 
for prospective students, should now be on par with 
academic education at both the secondary and higher 
education levels. Vocational education is primarily 
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facilitated by Vocational High Schools (SMK). 
According to Revi et al. (2018), SMK education is skill-
oriented, aiming to equip students with knowledge and 
skills specific to their chosen fields, with a 30% emphasis 
on theory and 70% on practical training. 

The current era, known as the Millennial Era, has 
brought about significant changes in various aspects of 
society, the economy, and education due to the Fourth 
Industrial Revolution, often referred to as Industry 4.0. 
According to Hairuni (2022), the Industry 4.0 revolution 
is marked by the continuous development of technology 
and innovations, which are regularly updated to meet 
the needs of society. As Dwi Rahdiyanta (2020) 
describes, new technology and approaches that combine 
the physical and digital worlds will fundamentally 
transform humanity. Technological advancements have 
a profound impact on all aspects of life, requiring 
innovations in education to keep pace with the changes 
in this technological era. 

The rapid progress in science and technology in the 
early 20th century has given rise to information 
technology and automated production processes. 
Industrial machines are no longer manually controlled 
but are now managed using Programmable Logic 
Controllers (PLC) or computer-based automation 
systems. For example, to meet the demands of precise, 
fast, and cost-effective machining products, CNC 
machine tools have been developed in conjunction with 
CAD/CAM software. CNC (Computer Numerical 
Controlled) machine tools are used to operate cutting 
processes with numeric control, assisted by computers 
(Dwi Rahdiyanta, 2020). According to Darmanto (2007), 
CNC is a control system that uses numeric systems to 
manage mass production with high precision and speed. 
CNC controllers can now manage more than seven axes. 
CAM, on the other hand, stands for Computer-Aided 
Manufacturing and is a manufacturing system that 
optimizes computer programs to translate engineering 
designs created by CAD into machine control for CNC 
machines, as explained by Subroto (2010). 

Before conducting this study, the author observed 
one vocational school in Padang city, specifically SMK 
Dhu'afa Padang. SMK Dhu'afa offers a range of 
programs, including the Machining Engineering 
department. In the 11th-grade class of the Machining 
Engineering department, CNC/CAM is one of the 
subjects taught. Based on the author's observation at this 
school, there were limitations in the learning process, 
such as the ineffective use of teaching materials and the 
unavailability of teaching materials suitable for the 
school's CNC machines. The instructional materials 
used were outdated and not relevant to the CNC 
machines available at the school, resulting in the 
underutilization of these machines. The author 
conducted an interview with Effamerismet, the head of 

the Machining Engineering department at SMK Dhu'afa 
Padang, who stated that the school had limitations in 
teaching materials, and they lacked up-to-date textbooks 
or teaching materials that matched the school's 
machines. 

Furthermore, students also faced difficulties in 
understanding the CNC lessons, which could hinder 
their competency development in this field. This was 
evident from the survey conducted by the author 
through Google Forms during the observation at SMK 
Dhu'afa Padang. Based on the survey results, 59% of the 
students reported experiencing difficulties at the "Very 
Difficult" level, 22% found it "Difficult," 11% considered 
it "Moderate," and only 8% found it "Easy." The 
following diagram supports these finding: 

 

 
Figure 1. Difficulty Levels in the CNC/CAM Subject 

 
Based on the author's observations, this subject is 

highly essential in the industrial world. Teachers also 
face difficulties in delivering lessons because the school 
has only one CNC machine, while there are 22 students 
in a class. This situation leads to students taking turns 
using the machine and spending a lot of time, making it 
challenging to achieve the learning objectives. 
According to the author's observation at SMK Dhu'afa 
Padang, this single CNC machine was acquired in 2019, 
and teachers have not received adequate training or 
experience in using CNC machines. As Putra (2020) 
explains, the lack of teaching materials in education 
results in suboptimal student learning outcomes. 

Given the issues identified, supporting practical 
learning in the CNC/CAM subject requires effective 
instructional materials using simulation software. This 
software can simulate precisely what CNC machines do 
and can be used by both teachers and students to 
enhance learning outcomes. One such software is 
Mastercam X5, developed by CNC Software, Inc. 
According to Lesmana (2019), Mastercam X5 is design 
and simulation software that facilitates computer-aided 
machining by incorporating CAD models. This software 
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simplifies the programming and operation of machining 
processes, generating output that CNC machines can 
understand (NC Code). 

 
 

Method  
 

The research method used is Research and 
Development (R&D) with the 4D model (Define, Design, 
Develop, and Dissemination). Research and 
Development aims to produce new products through 
the development process (Endang, 2013). This model 
consists of four development stages: Define, Design, 
Develop, and Dissemination, or adapted into the 4-D 
model, which includes definition, design, development, 
and dissemination (Endang, 2013). The advantage of the 
Four D model is that it does not require a relatively long 
time because the stages are not too complex 
(Maydiantoro 2019). 

The first stage is "define," which is carried out to 
outline the material and understand the concepts to be 
explained. This stage begins with an analysis of the 
needs for the media production process. In this stage, 
syllabus analysis, material analysis, and student analysis 
are conducted. The second stage is "design," in which 
instructional materials to be developed are designed. 
During this stage, text preparation, media selection, and 
design are determined. The third stage is "development." 
In this stage, the aim is to produce the final product after 
going through the validation and revision process. 
Validation in this context involves validation by experts 
and practitioners in CNC learning and media experts. 
Validation is performed once and uses a Likert scale 
with five answer alternatives: Strongly Agree (SA), 
Agree (A), Neutral (N), Disagree (D), and Strongly 
Disagree (SD). 

The techniques of testing validity and reliability are 
inseparable from the design and methods of 
research.(Budiastuti, 2022). The validation process 
consists of a systematic procedure, including a pilot 
study. The pilot study’s main goal is to improve the 
quality of the item and increase confidence in the 
interpretation of the data (Mohamad, 2020). Data for 
validation are obtained from the instruments filled out 
by the validators, who are experts in media and learning 
materials. The feedback from the validators is used for 
revisions to the video tutorial learning media until it is 
deemed suitable for the research. The following are the 
results of the validation testing questionnaire data by the 
experts. The data obtained from the subject matter 
experts and students are then analyzed using the 
following steps; Step one is Converting quantitative data 
into qualitative data based on the following criteria: 

 

Tabel 1. Data Conversion 

Category Score 

Strongly Agree 5 
Agree 4 
Neutral 3 
Disagree 2 
Strongly Disagree 1 

Source: (Sugiyono, 2014) 
 

After That collected data is then analyzed by 
calculating the assessment levels' percentage using the 
Formula 1. 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
∑ 𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ𝑒𝑟′𝑠 𝑠𝑐𝑜𝑟𝑒

∑ 𝐼𝑑𝑒𝑎𝑙 𝑠𝑐𝑜𝑟𝑒
× 100  (1) 

 
Then percentage calculation results, obtained as 

quantitative data, are then converted back into 
qualitative data by using the following method: 
a. Determine the ideal score percentage (maximum 

score) 
5

5
× 100 = 100% 

b. Determine the percentage of the lowest score 
(minimum score) 

1

5
× 100 = 20% 

c. Determine the range = 100 – 20 =80 
d. Determine the desired intervals = 4 (Highly Suitable, 

Suitable, Less Suitable, Not Suitable) 
e. Determine the interval width: 

80

4
× 100 = 20% 

Based on the calculations above, the percentage 
range and qualitative criteria are as follows: 

 
Tabel 2. Feasibility Criteria 
Formula Category 

100% ≥ Skor ≤81% Highly Suitable 
80% ≥ Skor ≤61% Suitable 
60% ≥ Skor ≤41% Less Suitable 
40% ≥ Skor ≤21% Not Suitable 

 
The fourth stage is "dissemination." Dissemination 

is the final stage in the development of the 4-D model, 
and in this stage, it is carried out to promote the product 
that has been developed to be accepted by users. In this 
research, dissemination is only conducted in the 11th-
grade CNC/CAM class at SMKS Dhu’afa Padang. 
 

Result and Discussion 
 

The CAM learning video is an adaptation and 
modification of the 4D model research, specifically the 
define (needs analysis), design, development, and 
dissemination stages. In the define stage, the researcher 
analyzed the needs by interviewing (XI) 11th-grade 
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students at SMKS Dhuafa, and it was determined that 
video tutorial-based learning media was required. The 
next stage involves the discovery and design, which 
includes the preparation of test standards, media 
selection, scriptwriting for the video flow, image and 
sound capture, and finally editing. 

Once the design stage is completed, the next stage 
is the development phase. The development phase aims 
to produce a valid video tutorial learning media. This 
phase consists of assessing media and material 
validation by validators. Media validation testing is 
carried out to determine the suitability of the developed 
video tutorial learning media based on assessments by 
content and media experts. The purpose of the 
validation activity in this research is to obtain the status 
of suitability from experts. 

In this validity test, the Pearson coefficient values 
are utilized, and the decision is made by comparing the 
calculated Pearson coefficient (r-calculation) with the 

tabled Pearson coefficient value (r-table). Validation is a 
measurement or test to determine the precision and 
accuracy of a measuring instrument or a measurement 
itself (Purnomo, 2018). This developmental research 
aims to produce a specific product, involving processes 
for testing validity, practicality, and effectiveness 
(Fransiska, 2017). 

The validation of the video tutorial learning media 
development was conducted using questionnaires. The 
questionnaires were given to two validators, two media 
experts, and two content experts. The purpose of the 
validation activity in this research is to obtain the 
suitability status from experts. Validation data was 
obtained through validation instruments filled out by 
several validators who are experts in instructional media 
and instructional content. The feedback from these 
experts was used for revisions. Below is the 
questionnaire data from the expert validation testing: 

 

 
Figure 2. Results of Media Expert Validation 

 
The results of the validity test analysis by media 

experts yielded an average score given by validators 1 
and 2 of 89.24%. Therefore, the video tutorial learning 
material falls into the category of "Highly Suitable." 
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Figure 3. Results of Content Expert Validation 

 
The results of the validity test analysis by content 

experts yielded an average score given by validators 1 
and 2 of 85%. Therefore, the video tutorial learning 
material falls into the category of "Highly Suitable." 

Based on the results, This video tutorial learning 
media is designed to meet the needs and challenges 
faced by educators and students. The development of 
this video tutorial learning media takes into account 
animations and steps related to CAM. The video tutorial 
learning media is also equipped with sound and text to 
make it engaging. It includes step-by-step instructions 
for CAM and evaluation questions. Each module is 
accompanied by stages that are easy for students to 
understand, making them interested and active in the 
CAM learning process. 

The development of this video tutorial learning 
media uses the 4-D development model. In the 
development phase, the researcher conducted two 
stages of validation: validation by media experts and 
validation by content experts. Media validation by 
experts aims to obtain input, suggestions, and criticisms 
for improvement and refinement of the video tutorial 
learning media to be developed. Validation data was 
obtained through validity instruments filled out by 
several validators who are experts in instructional 
media. Media validation focuses on the presentation and 
visual aspects of the media. 

Validity is a measurement used to determine that 
what is being measured is valid (Afrina, 2023). In line 
with the opinion of Rahayu (2019), validity is a measure 
used to assess the level of validity of an instrument so 
that the instrument can be used if it achieves high 
validity. 

Based on the results of media validation by 
validators through questionnaires, the average media 
validity is 89.24%, falling into the "Highly Suitable" 
category, while the average content validity is 85%, also 
classified as "Highly Suitable." The media and content 
validation process resulted in various recommendations 
for revisions in terms of content and media design. This 
confirms that the learning media is worthy of further 
development and testing, consistent with the findings of 
Muthiah (2018), which indicated that video tutorial 
learning media received an average validity rating of 
87% and was classified as valid and suitable for use in 
learning. 

In accordance with the research (Zeda 2022), the 
validation results from all three validators overall state 
that the wordwall-based learning media is already 
highly valid, with an average validity score of 75.66%. 
Overall, the wordwall-based learning media is declared 
very valid by the validators after making improvements 
and additions based on their suggestions.  

The significance of utilizing CNC machines as 
practical learning tools in vocational education is vital 
for preparing students with relevant skills in modern 
manufacturing industries. However, when support 
resources, such as teaching materials, are lacking, 
achieving this objective becomes challenging. Therefore, 
this thesis aims to address this issue by creating a 
solution using MasterCAM X5 simulation software 
packaged as video tutorial-based learning materials that 
can be used by both teachers and students. With this 
media, it is expected that there will be an improvement 
in students' understanding and skills in CNC, ultimately 
benefiting their future careers. Thus, this thesis seeks to 
address the challenges faced by students and teachers at 
SMK Dhu'afa Padang and make a positive contribution 
to the development of vocational education at the 
school. 

Utilizing instructional media with sound and visual 
stimuli can maximize the effectiveness of learning. 
Audio stimuli are received through listening, and for 
most adults, listening accounts for 45% of their time, 
while speaking takes up 30%, reading 16%, and writing 
only 9% (Niswa, 2012). Based on this fact, it is evident 
that listening skills need to be developed, especially in 
an educational context. Additionally, visual stimuli 
result in better learning outcomes for tasks involving 
recall, recognition, memorization, and connecting facts 
and concepts. Typically, individuals can understand 
better when all their senses are engaged, as in the case of 
watching videos. An innovative approach in education 
is to use technology-based teaching materials through 
video tutorials. 

The use of video technology to facilitate learning is 
increasingly being applied in the educational process 
and can influence students' motivation to learn (Puyada 
et al., 2018). One such approach is the use of video 
tutorial-based instructional media, also known as 
Hybrid Learning. Hybrid Learning combines 
technology-assisted learning with face-to-face 
instruction (Putra, 2014). The use of the hybrid learning 
model makes it easier for students to access learning 
materials, as they have unrestricted access to documents 
and resources (Lin, 2008). Video Tutorials are a 
development within the hybrid learning model. Video 
Tutorials serve as a medium to aid in understanding 
instructional content (Syahril & Mandalika, 2020). A 
video tutorial consists of visual elements and audio 
narration delivered by the instructor, containing the 
necessary material to be understood by the learners 
(Pramudito, 2013). Video tutorials can tell a story 
(narrative), deliver instructional content (original 
material), provide background information 
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(documentaries, interviews), and convey emotions (De 
Leng et al., 2007). 

From the above discussion, the importance of using 
instructional materials in the form of video tutorial-
based learning media is emphasized to support more 
effective learning, enabling students to master the 
competencies provided and allowing them to learn at 
their own pace, anytime and anywhere. The ultimate 
goal is to produce competent graduates in all fields, 
enabling them to play a role in the industrial world with 
optimal resources, especially in CNC machining. 
Therefore, the researcher is interested in creating video 
tutorials on the use of MasterCam X5 software and the 
use of CNC machines as teaching media for the CNC 
subject at SMK Dhu'afa Padang. It is hoped that this 
instructional media development will make learning 
more effective and help students learn independently. 
 

Conclusion  
 

The development of CNC/CAM learning video 
tutorials through the 4D model has been successfully 
completed, involving the stages of needs analysis, 
design, development, and dissemination. The needs 
analysis stage involved interviews with 11th-grade 
students at SMKS Dhuafa, which revealed the need for 
video tutorial-based learning media. The design phase 
included the preparation of test standards, media 
selection, script creation, image capture, and editing. 
The development phase aimed to create valid video 
tutorial learning media. This involved validation of both 
the media and the content by experts in the fields of 
instructional media and instructional content. The 
validation results indicate that the video tutorial is 
highly suitable according to the validators, with a 
validity percentage of 89.24% for media experts and 85% 
for content experts. Therefore, the CAM learning video 
developed through the 4D model is considered 
successful and suitable for use in the learning process. 
Based on this research, several recommendations can be 
made. First, the CAM learning video developed through 
the 4D model should be used more widely in the 
learning process, not only in SMKS Dhuafa but also in 
other educational institutions. Continuous evaluation of 
the effectiveness of this video is crucial to ensure 
students' improved understanding. Furthermore, 
further research can focus on developing other learning 
materials using the same model. Teachers need to be 
provided with training to integrate this video into 
classroom teaching, and collaboration with related 
industries can enhance the material's relevance. 
Expanding distribution through online platforms and 
evaluating student performance should also be a 
concern. All these steps will help maximize the benefits 
of this learning video in education.  
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