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ABSTRACT

This study aims to develop valid and practical CAM Milling instructional materials based on Project-Based Learning
(PjBL) and assisted by Inventor CAM Ultimate for the Advanced CAM course. Using the 4D development model—
Define, Design, Develop, and Disseminate—the materials were designed to address the lack of CAM-focused resources
and provide project-oriented learning experiences. Validation by material and media experts resulted in average
scores of 4.29 and 4.56, categorized as very valid. Field trials involving 20 students produced a practicality score of
4.33, indicating very practical use. These results confirm that the developed instructional materials meet the criteria of
validity and practicality, making them suitable for mechanical engineering education.
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INTRODUCTION

Computer-Aided Manufacturing (CAM) has
emerged as a key technology in the 21st century [1], [2]
and is the foundation of modern manufacturing [3].
CAM is a technology that utilizes software and computer
systems [4] [5] to automate and simplify complex
manufacturing processes [6] and utilizes innovative
approaches for efficient product design and processing
[7]. CAM allows machine control through programs to
drive CNC (Computer Numerical Control) machines
using 3D/2D models of the product to be manufactured.
The designed product is then optimized by CAM to be
used as a numerical code that controls the CNC center
[8]to simulate tool movements, time estimation, and
predict product shape deviations [9] as well as
maximize efficiency and minimize errors [10] and is
able to convert engineering designs to final products
[11].

Amidst these dynamics, vocational higher
education, particularly the Mechanical Engineering
Education Study Program, plays a strategic role in
preparing human resources (HR) who are not only
technically skilled but also able to adapt to technological
developments. Mechanical engineering students are not
only required to master scientific knowledge and
engineering skills, but also must be able to transfer that
knowledge in the context of education in vocational
schools in the future. In this regard, CAM Milling
learning is an important material that must be taught

contextually, applicatively, and in accordance with
industry needs. However, based on observations of
learning practices, it was found that CAM Milling
learning still tends to be theoretical, lacks project
exploration, and does not utilize innovative learning
approaches. CAM learning strategies should be student-
centered because the learning consists of product
design, which is then optimized by the CAM system to
become a numeric code that controls the CNC center [8]
to simulate tool movements, estimate time, and predict
product shape deviations [9] as well as maximize
efficiency and minimize errors [10].

As the 21st-century educational paradigm
evolves, the Project-Based Learning (PJBL) approach
has become a relevant learning model for application in
engineering education [12]. P]BL emphasizes a student-
centered learning process [13] through the completion
of real-world projects, which are more collaborative,
active, [13], critical thinking [12], [14], [15], and
creative [16], [17]. In CAM Milling learning, the PJBL
approach provides space for students to experience the
process of design planning, programming, simulation,
and structured project-based evaluation. This certainly
brings students' learning experience closer to the real
industrial world. Through PJBL, students will also
develop soft skills [18] [19] such as communication
skills [20], teamwork [21], problem solving [22], and
time management [23], which are important
competencies in the modern work environment.

239


mailto:elfahmi_dwi_kurniawan@unsri.ac.id

Jurnal Inovasi Pendidikan dan Sains

Unfortunately, the integration of PJBL into CAM
Milling teaching materials has not been widely adopted.
Most teaching materials do not address CAM Milling,
and those currently available are textual, procedurally
oriented, and not designed around a project context.
This makes learning less engaging and less challenging
for students to explore ideas and skills independently.
Previous research has developed CNC/CAM learning
videos [24], [25], teaching materials [26], [27], [28],
[29], jobsheets [30], [31], [32], modules [33], interactive
media prototypes [34]. Based on the results of previous
research, it has not specifically touched on the CAM
Milling aspect assisted by the Inventor CAM Ultimate
application and the development of P]BL-based teaching
materials mostly focuses on other fields such as
automotive, control systems, or CNC/CAM turning and
other learning approaches not PJBL.

This situation indicates a gap between the needs
of the workforce and learning readiness [35] in
vocational education environments. Students who will
become prospective engineering teachers need to be
facilitated with teaching materials [36] that not only
provide basic knowledge and skills but also foster
critical and productive thinking. CAM Milling teaching
materials based on P]BL can be an alternative answer to
bridge this gap. Using projects as the core of learning,
students will be responsible for their own work
processes and results [37]. This aligns with the
principles of vocational education that emphasize
learning through direct experience and real-world
practice [38], are more active [39], and can improve
students' cognitive, affective, and psychomotor abilities
[40].

Through the development of PJBL-based CAM
Milling teaching materials, it is hoped that the quality of
learning will improve. These teaching materials not only
serve as a means of conveying information but also
serve as a tool for developing the holistic competencies
of engineering education students. Furthermore, the
developed teaching materials are expected to be used
flexibly by lecturers and students. The teaching
materials in this study are a collaboration of modules
and job sheets. The collaboration of these three types of
materials is expected to achieve learning objectives and
improve student learning experiences and outcomes
[41], [42], [43].

This research is crucial for designing, developing,
and testing valid and practical PJBL-based CAM Milling
teaching materials for vocational learning. The research
focuses on needs analysis, project-based teaching
material design, and validation by experts and users.
The results are expected to contribute significantly to
the development of technology-based and pedagogical
engineering teaching materials in education.

RESEARCH METHODS

The development procedure refers to the 4D
instructional design model introduced by [44] The 4D
model combines the steps in development [45]. There
are four stages in the development of the 4D model:
define, design, develop, and disseminate. The
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development procedure can be described in the figure

below:

NEEDS ANALYSIS
Identify learning needs, student
characteristics, and learning
requirements.

v

@©  PRODUCTDESIGN
Design the learning materials
(content structure, activities,

media, and evaluation).

v

DEVELOPMENT
Develop the learning materials
based on the design.

i

{ ©  EXPERT VALIDATION

Validation by content experts
and media experts.

—

NO ‘ © revison

Is the product

Revise the product based on
valid?

expert suggestions.

Conduct a trial with students
(users).
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v

o DISSEMINATION
Disseminate the product through
publication, distribution, and
implementation.

v

Figure 1. Research Design

(3] FINAL PRODUCT

1. Product Trial Design
Trials are conducted by asking others to
evaluate the product being developed. Trial
respondents are usually selected to represent the
target group. The product validation subjects are
two experts: a material expert and a media expert.
The trial subjects for the CAM Milling Teaching
Material Assisted by the CAM Ultimate Inventor
Based on P]JBL (Problem-Based Learning Materials)
in this development research are 20 students. The
questionnaire instrument is a validation sheet
containing assessment items for each aspect.
2. Data Analysis Techniques
Data collection techniques using
questionnaires. The instrument sheet was analyzed
using data tendency categories. The resulting
assessment scores were then converted into values
by using a tendency category table.
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Table 1. Data Tendency Categories[46]

Score Interval Category
4,21-5,00 Very Valid/Practical
3,41 -4.20 Valid/ Practical
2,61 -3,40 Adequately Valid/ Practical
1,81 - 2,60 Less Valid/ Practical
1,00 -1,80 Not Valid/ Practical

RESULT AND DISCUSSION
1. Stage Define

schools (SMA), Islamic senior high schools (MA),
and vocational schools (SMK). Students from SMA

The researcher conducted the procedures in
the Define stage by analyzing the difficulties,
problems, and needs of students in learning
Advanced CAD/CAM. The competencies that
students are expected to achieve according to the
curriculum were also analyzed. Based on the results
of this needs analysis, the researcher selected
appropriate learning media and began designing the
initial format, concept, and content of the
instructional material. From this process, an initial
prototype of the instructional material was
developed as a foundation for further development.

Needs analysis is a crucial initial step in the
development of instructional materials or learning
media. The students’ needs and characteristics
significantly influence the design and effectiveness of
instructional =~ materials [47]. The needs,
characteristics of students, and learning objectives
must be analyzed first to ensure that the developed
learning media are relevant and effective [48].

Based on this foundation, the researcher
designed the instructional material by taking into
account the students’ needs and learning objectives.
This process includes structuring the content,
selecting appropriate media, and designing the
prototype—steps that are consistent with best
practices in needs-based instructional design.

The stages in the define phase were aligned
with the needs of the research and are described as
follows:

a. Front-End Analysis

A preliminary investigation conducted
through interviews with the course lecturer
indicated that although the CAD/CAM course
covers both CAD and CAM components,
classroom learning remains limited to CAD. This
condition occurs because no learning materials
are yet available to support the CAM content. To
address this need, this study developed CAM
Milling learning materials using the Inventor
CAM Ultimate application. With this application,
students only need to add the CAM add-on
without learning a completely new software,
allowing them to adapt more quickly to an
interface that is already familiar to them.

b. Learner Analysis (Enhanced Academic Version)

An interview was conducted with four
students who had previously completed the
Advanced CAD/CAM course. The findings indicate
that the students come from diverse educational
backgrounds, including general senior high

and MA typically have no prior experience with
design software, whereas those from SMK
generally possess only manual technical drawing
skills and have not been exposed to computer-
based design applications.

The interviews further revealed that CAM-
related content, particularly CAM Milling, has not
been delivered effectively due to the absence of
dedicated instructional media supporting the
topic. In contrast, CAD topics have been
supplemented with instructional materials
provided by the lecturer. This discrepancy
contributes to students’ passive learning
behavior, as they tend to rely on direct
instructions rather than engaging actively in the
learning process. Consequently, their critical and
analytical thinking skills are not optimally
developed. To enhance the quality of instruction,
the development of learning media based on the
Project-Based Learning (PjBL) approach is
deemed essential. The PjBL approach is
recognized for its potential to promote students’
critical thinking, analytical skills, and problem-
solving capabilities.

Task Analysis

In this stage, the process of identifying and
organizing the material to be included in the
learning product was carried out. The material
was aligned with the needs of the Advanced
CAD/CAM course in the Mechanical Engineering
Education Study Program at FKIP Unsri and
compiled from various reference sources, then
matched with the course syllabus (RPS). The
content includes 3D model design, basic concepts
of CAM milling, machine setup, creating
workpieces in CAM milling, 3-Axis CAM Milling
Setup, 2D Milling Operations, Simulation, and
Post-Processing in CAM Milling.

. Concept Analysis

This stage was conducted by asking a
series of questions to the course lecturer to trace
the core concepts taught in the Advanced
CAD/CAM course. The researcher also examined
the course syllabus (RPS) as a reference in
designing the learning product. The analysis
revealed that the main material includes 3D
model creation and manufacturing process
planning. The learning process also emphasizes
the use of CAM Milling features in the Inventor
CAM Ultimate application, including the initial
setup and the available machining features.
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Through this material, students are expected to
independently design manufacturing processes
and generate G-Code from the models they have
created.
e. Specifying Instructional Objectives
In this stage, the researcher formulated the
instructional objectives for developing the
learning materials based on the integration of the
task analysis and concept analysis. The product
developed serves as a guide for using the
Inventor CAM Ultimate application in learning
CAM Milling. The development objectives include:
producing interactive e-learning materials that
facilitate students’ understanding of CAM Milling
processes; providing digital learning resources
that align with the vocational education
curriculum in the field of machining technology;
and offering flexible, independently accessible
learning media to support digital learning.
2. Stage Design
After completing the needs analysis and
designing the initial draft of the instructional
material, the researcher proceeded to the validation
stage conducted by experts, including material and
media specialists. The results of this validation
served as the basis for the researcher to carry out a
series of revisions, ensuring that the developed
product increasingly met feasibility standards. The
next stage was the field trial. During the trial, the
researcher received various feedback from students,
prompting further revisions. The development of
instructional tools within the 4-D model requires an
iterative process of validation, revision, and testing
until the product is deemed suitable [44]. The
gradual involvement of both experts and users
ensures the quality, feasibility, and effectiveness of
the developed instructional material [49].
a. Media Selection
At this stage, the researcher determined
the type of learning media to be developed. A
textbook was selected as the primary medium.
This selection is supported by literature
indicating that textbooks function as a guide for
instructors in determining instructional methods,
while also serving as a resource for students to
review or study the material independently.
Findings from interviews with lecturers and
students revealed that no media specifically
supports CAM-related content, whereas students
require learning materials that can enhance their
analytical abilities, critical thinking, and
collaboration skills in accordance with the
learning outcomes stated in the Advanced
CAD/CAM syllabus (RPS). Based on these needs,
the researcher decided to develop Project-Based
Learning (PjBL)-based instructional materials to
ensure accessibility and alignment with the
targeted competencies.
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b. Format Selection

At this stage, the researcher determined
the learning content and designed the structure
and layout of the instructional material, including
the arrangement of text, illustrations, and visual
elements. The developed learning material
consists of several main sections. The preliminary
section includes the cover, preface, table of
contents, list of figures, and list of tables as
elements of identification and navigation.

The main content is organized into several
chapters. Chapter I introduces the material by
presenting an overview, learning outcomes, and
user guidelines. Chapter II discusses the
fundamental concepts of CAM Milling, including
definitions, working principles, and its
relationship with CAD and CNC. Chapter III
explains the use of Autodesk Inventor, covering
its definition, system requirements, installation
procedures, and key features. Chapter IV outlines
materials related to Autodesk Inventor CAM
Ultimate, including installation processes and
explanations of features that support CAM
Milling.

Furthermore, Chapter V provides an
operational guide for Inventor CAM Ultimate
Milling, including workpiece creation, setup
configuration, 2D milling operations, simulation
procedures, and post-processing. Chapter VI
elaborates on the application of Project-Based
Learning in CAM Milling instruction, including
project design, case studies, and its
implementation. Chapter VII offers practice
activities in the form of jobsheets to reinforce
students' understanding.

The final section of the material consists of
the bibliography, glossary, and index, serving as
supporting references and navigation for
important terminology.

Initial Design

At this stage, the researcher prepared a
prototype of the instructional material developed
based on the analysis conducted during the
Define and Design phases. The prototype
represents the initial draft of the learning
material, structured according to the identified
needs, content organization, and previously
formulated instructional design.

In addition to preparing the prototype, the
researcher also designed the assessment
instruments to be used prior to the trial
implementation. These instruments were first
validated by instrument experts before being
submitted to material and media experts. The
assessment tools include evaluation
questionnaires for expert validators as well as
user evaluation questionnaires.

The following section presents the
prototype of the instructional material prepared
by the researcher.
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Ficture 2. Teaching Material Prototype

3. Stage Develop

After completing the analysis and designing
the initial draft of the instructional material, the
researcher proceeded to the development stage by
conducting validity testing with experts, including
material and media specialists. The results of this
validation served as the basis for improving the
initial product. Subsequently, the researcher carried
out trials with users. At each stage, various feedback
was obtained and used to refine the instructional
material, thereby enhancing its quality. The process
of revision and testing was conducted iteratively
until the instructional material reached a very high
level of practicality. The development of products
within the 4-D model requires a continuous process
of validation, revision, and testing until the product
is deemed feasible and effective [44]. The steps in
this phase are as follows:

a. Expert Appraisal
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.

Expert evaluation is crucial because the
instructional material must undergo assessment
regarding content accuracy, alignment with
learning objectives, and design quality. Validation
is conducted to ensure that the material meets
the required standards; if the criteria are not yet
met, the validation process is repeated until the
desired level of validity is achieved. In addition,
Validated learning media can significantly
enhance students’ learning outcomes [50].
Material Expert Validation

In this development, the material expert
validators were Dr. M. Amri Santosa, S.T., M.Pd,,
and Romy Saputra, S.Pd, M.Pd.T. The
instructional components were organized into
four indicators, while the content or material
components were developed into 44 indicators.
Based on the validation process conducted by
these two experts, the assessment data were
obtained as described below.

Table 5. Table of Material Expert Validation

Name Average Category
M. Amri Santosa 4,26 Very Valid
Romy Saputra 4,33 Very Valid
Average 4,29 Very Valid
The results of the material expert writing  errors, clarifying  spelling and

evaluation indicated an average score of 4.29,
which falls into the very valid -category.
Nevertheless, the material experts provided
several suggestions, including the absence of
clearly stated learning objectives or outcomes,
the need for more detailed explanations
regarding Project-Based Learning (PjBL), the
addition of annotations on figures, improvements
to the jobsheets in the practice exercises, and
corrections to writing conventions that were still
inaccurate.

Based on these recommendations, the
researcher revised the material by correcting

punctuation, adding annotations to figures, and
improving the jobsheets in the manufacturing
steps and practice exercises. Complete comments
along with the follow-up revisions can be found
in the appendix.
Media Expert Validation

In this development, the media expert
validators were Ainun Maulidina, S.Pd., M.Pd., and
Efri Meldianto, S.Pd., M.Pd. The display aspect
was developed into four indicators, comprising a
total of 24 assessment items. The validation
results from these two experts are presented as
follows:

Tabel 6. Table of Media Expert Validation

Validator Name Average Category
Ainun Maulidina 4,43 Very Valid
Efri Meldianto 4,69 Very Valid
Average 4,56 Very Valid
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The results of the media expert evaluation
indicated an average score of 4.56, which falls
into the very valid category. Students were
considered able to conduct experiments by
utilizing the available media. During this
evaluation process, the researcher received
several suggestions, including the need to
enhance the cover design by adding supporting
elements, improve the color composition to make
it more appealing, and revise the summaries,
which were considered too simple. Based on
these recommendations, the researcher revised
the cover and chapter covers, added more
visually engaging elements, and redesigned the
summaries to be more complete and informative.
After the revisions were completed, the
instructional material was then trialed with
users, namely students of the Mechanical
Engineering Education Study Program.
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d. Develomental Testing

This stage involves the process of testing
the planned product on actual subjects. Field
trials were conducted to obtain direct feedback in
the form of responses, reactions, and comments
from students as the target users, as well as input
from observers regarding the developed
instructional material. The results of the trial
were used to make product improvements.

The processes of trial, revision, and testing
were carried out iteratively until a valid and truly
useful instructional material was produced [44].
A total of twenty students participated in the field
trial. The trial was conducted with students who
had completed the Advanced CAD/CAM course,
representing high, medium, and low academic
ability levels. The data from the questionnaires
they completed were then processed and
presented in

Table 7. Respondent Trial Results

Score Interval Category Frekuensi Peri;l:)t age
4,21-5,00 Very Valid/ Practical 15 67
3,41-4.20 Valid/ Practical 5 33
2,61-3,40 Adequately Valid/ Practical 0 0
1,81-2,60 Less Valid/ Practical 0 0
1,00-1,80 Not Valid/ Practical 0 0

The results of the field test with twenty
participants showed that 75% of the students
rated the instructional material as very practical,
while the remaining 25% rated it as practical.
Students in the practical category still provided
positive feedback and stated that the
instructional material is suitable for use in the
learning process.

At this stage, the researcher also received
several suggestions, including the need for
clearer explanations in tables and the use of
terms that may be unfamiliar to general readers.
Based on these recommendations, Table 3 was
revised by adding more detailed descriptions,
resulting in an improved version of the developed
instructional material.

A development product is considered
practical if it is richer than standard learning
materials and easy to use by students or
educators. A field test was conducted with 20
students who had similar criteria, namely having
completed the Advanced CAD/CAM course. They
provided feedback in the form of comments and
completed an evaluation questionnaire, resulting
in an average score of 4.33, which falls into the
very practical category. The distribution of
responses indicated that 75% of participants
rated the material as very practical, while 25%
rated it as practical.

The practicality assessment focuses on
data that demonstrate the students’ ability to
confirm the effectiveness of the product in
improving learning outcomes prior to field trials.

The practicality of learning media ensures that it
is easy to use and apply in the learning process,
thereby supporting both teachers and students in
delivering and receiving instructional content
[51]. Accordingly, the PjBL-based instructional
material supported by the Inventor CAM Ultimate
application is considered valid and practical to
support the learning process in the Advanced
CAD/CAM course.

4. Stage Disseminate

The final stage in the development process is
Disseminate, which involves distributing the product
to users. In this phase, the developed product is to be
disseminated once it has been formally validated by
the experts [52]. At this stage, the researcher
distributed the revised and validated instructional
material in PDF format and uploaded it to Google
Drive for easy access. The link was then shared with
students of the Mechanical Engineering Education
Study Program through the lecturer of the Advanced
CAD/CAM course, ensuring that the instructional
material was used in a directed and organized
manner.

According [44], the Disseminate stage is a
critical step in the 4-D development model because it
ensures that the product reaches the target users
and can be applied in real learning contexts. The
systematic dissemination of developed products is
necessary to optimize the utilization of instructional
materials by students [53].
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CONCLUSION

The PjBL-based Advanced CAM Miliing material
is deemed suitable for use in the Advanced CAD/CAM
course as it meets both validity and practicality criteria.
Its validity is supported by evaluations from material
experts, who provided an average score of 4.29, and
media experts, who provided a score of 4.56, both of
which fall into the very valid category. Furthermore, the
results of a field test with 20 students showed an
average score of 4.33, categorized as very practical.
Therefore, this instructional material not only meets
quality standards in terms of content and presentation
but is also user-friendly and effective in supporting the
learning process in the Mechanical Engineering
Education Study Program.
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