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ARTICLE INFO ABSTRACT
. . This research and development aims to produce learning media products
Artlc_:le Hlstory presented interactively and practically based on Autodesk Inventor
Recewgd. ) Professional 2023 student version software and analyze the feasibility level
27 Apnl 2024; of learning media for CAD Manufacturing Drawing Techniques subjects to
Revised: improve competence in the field of machining techniques at Vocational High
25 July 2924; School 1 Kediri. The type of research used is research and development
Accepted: ) (R&D) using the Borg and Gall model, It involved 6 students for the small-
13 August 20_24' scale testing and 32 students for the large-scale testing. Based on the data
Available online: obtained and descriptive analysis, among others, the results of media expert
30 September 2024. validation were 98.44%, material expert validation was 89.28%, small-scale
trials were 92.08%, and operational trial results were 91.09%. These results
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modeling meets the criteria very well and can be utilized as a learning tool.
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INTRODUCTION

The phenomenon of the Industrial Revolution 4.0 currently shows the speed of technological
development (Saleem et al., 2024). Everything seems to be connected to the internet system, where
accessing information from the outside world feels very real given the role of technological advances
today (Pratama et al., 2023). The world of education by improving its quality always adapts to
changes and technological advances inherent in learning to be able to compete in the era of
globalization (Ardianti & Susanti, 2022). Technology innovation and development are needed to
improve the effectiveness of the current learning process integration (Myori et al., 2019). One of
them is the making of learning materials which is a crucial element of the learning process, aiming
to create meaningful learning, and encouraging students to develop the skills needed in the 21st
century, which is a must in education (Daryanes et al., 2023).

Through education, it becomes an effort to develop Human Resources (HR) which must
always be upgraded every year to improve the quality and skills that can be highly competitive
(Mardhiyah et al., 2021). Various kinds of technology should be applied to learning (Miaz et al.,
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2019). In the era of Education 4.0, educators must create innovative and creative learning approaches
based on technology (Maolani et al., 2022; Sagita, 2019). Vocational High Schools (SMK) are
educational institutions that focus on improving skills and preparing students to enter the industrial
world (Kristian et al., 2023). Making Indonesia 4.0 industry manufacturers should use technology in
their production process (Santika, 2021). Therefore, the use of technology in the field of engineering
has become an absolute necessity and must be applied since vocational secondary education such as
SMK (Fathoni & Marpanaji, 2018). Currently, most industries use computer-aided design or CAD
for drawing (Pelliccia et al., 2021). The use of CAD facilitates the product design process in industry,
with computers and CAD software communication through the language of images becomes more
effective (Bagyo & Ngadiyono, 2020). The time required for drawing becomes shorter and the
storage of drawing archives becomes more efficient, has a very important role in CAD, in line with
the opinion of Gondoputranto & Purnomo (2020) said that CAD has helped optimize the
manufacturing process through an integrated and intelligent computer system as the brain in
operating a manufacturing industry.

The purpose of the Mechanical Engineering qualification in vocational schools is to provide
knowledge about what is in the industry, and produce a competent and disciplined workforce, ready
to enter the workforce and be productive (Noviyanta & Ngadiyono, 2019). One of the subjects in
SMK competency in Mechanical Engineering that must be taken is Manufacturing Drawing
Engineering/CAD (TGM CAD), which uses Autodesk Inventor software (Rohman et al., 2023). This
subject is the basis for several applications of other subjects, such as CAM (Computer Aided
Manufacturing) which require optimization and effectiveness in the learning process (Berselli et al.,
2020). Skills in this subject are considered very important because it is expected that after graduating
students can apply knowledge from TGM CAD subjects when continuing to the next level or when
involved in the world of work (Shih & Sher, 2021).

When conducting observations, several problems were found in learning TGM CAD class XI
SMK Negeri 1 Kediri, including the use of conventional learning methods such as lectures, step-by-
step demonstrations of material limited to 18 meetings, and job sheets. Consistent with research by
Yunus & Fransisca (2020) the method is less effective in encouraging students' active participation
as well as difficult in achieving more complex skills. The complexity of CAD material related to
other subjects such as Entrepreneurship Creative Products (PKK) which focuses on plate fabrication
and welding work. While the use of CAD software versions 2018 to 2020 that have not been updated
is one of the obstacles, on the other hand, version 2023 has appeared with the latest updated features.
From observations and interviews, it is concluded that innovation in learning methods, more
structured lesson plans, integration of CAD materials with other subjects, and updating CAD
application software are needed.

Supported by previous research Ramadhan (2023) has developed an interactive learning
product in the form of a comprehensive electronic module with video tutorials for class XI students
majoring in Mechanical Engineering at Vocational High Schools 1 Kediri. The feasibility of the
media is determined through four stages of product evaluation, namely material expert validation,
media expert validation, small-scale testing, and operational testing. The test results concluded that
the electronic module and video media products were declared suitable for use with very good
assessment criteria. Based on the results of interviews with TGM CAD teaching teachers to improve
the competence of students, it is necessary to develop the material discussed in the module to
integrate with other subjects related to sheet metal drawing, because sheet metal is included in the
design engineering material which is also taught in TGM CAD subjects. Sheet metal material is
relevant to subjects such as PKK (Entrepreneurial Creative Products) to make products from plate
fabrication and welding processes. This research offers a new approach by integrating sheet metal
design modeling material based on Autodesk Inventor 2023 into an interactive learning module. This
development not only presents more practical and up-to-date material but also connects theory with
real applications in the industry. This is expected to increase students' attraction to the machining
engineering program and motivate them to develop skills relevant to the needs of modern industry.

The purpose of this research is to create variations in learning TGM CAD subjects at
Vocational High Schools 1 Kediri through materials formulated based on the flow of learning
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objectives (ATP) and then determine the feasibility of the resulting facilities practically, effectively
and interactively using learning videos synchronized with E-Modules. The product results of sheet
metal design modeling development research will be presented in the form of a complete video
tutorial starting from the introduction of CAD, and 3D modeling which includes 2D sketch, 3D sheet
metal model, assembly, drawing, frame generator, 3D weldment and equipped with user experience
using Autodesk Inventor Professional 2023 application. The media is said to be practical because it
is in the form of an E-Module (PDF) that can be accessed easily via smartphone or computer without
time and location restrictions, efficient because the document processing module has content that is
synchronized with learning videos available on YouTube, and interactive by utilizing WhatsApp
discussion groups and YouTube open comments that allow users to discuss directly. The contribution
of the application of learning media development with Autodesk Inventor 2023 software is expected
to improve users' understanding and retention of information through more interesting sheet metal
design modeling learning materials through e-books synchronized with video tutorials on YouTube,
motivating them to continue learning, while improving the quality of Vocational High School
graduates of machining techniques to compete in the industry and support the realization of Indonesia
4.0.

METHOD

This research uses a type of research and development or education Research and
Development (R&D). Research and development (R&D) is a research method used to design new
products, test the effectiveness of existing products, and develop and create new products (Yuliani
& Banjarnahor, 2021). The product developed is an interactive learning media sheet metal design
modeling based on Autodesk Inventor Professional 2023 which is packaged in the form of video
tutorials synchronized with electronic modules. The research procedure carried out applies the stages
of the Borg and Gall development model (Sugiyono, 2013). The Borg & Gall model is taken into
consideration because the model passes a series of validation processes by experts and field trials
more than once so that the development product has a high level of validity and can be adjusted to
the direct needs in the field (Gall et al., 2003). The research and development process will outline
the stages that must be followed hierarchically in order to achieve the set goals (Siregar, 2023). The
following ten stages of Borg & Gall development are described in Figure 1.

Design and

Prellml_nary PrOdL.'Ct > Product E_xpe.rt » Revision |
Studies Planning Validations
Development
]
Sl scale Revision 11 > Operat_lonal » Final Revision
Testing Testing

Figure 1. Research and Development Procedure

1. The purpose of the preliminary stage is to identify problems, collect relevant information to solve
the problems and evaluate the products to be developed. Problem identification also involves
interviews and direct observations with teachers and TGM CAD students of Vocational High
School 1 Kediri to determine the media format and substance content used as guidelines for
developing learning media. This process also deepens the final competency target by referring to
the material items and learning objectives.

2. The product planning stage is structured by designing according to the findings of the preliminary
study and literature, including product design and materials as well as the development of existing
modules, based on needs analysis from interviews with teachers and students. Product planning
will be implemented in the form of video tutorials and e-modules.

3. The design and product creation stage begins with the preparation of a script or storyboard as a
guide for the video tutorial content. The preparation of the storyboard is based on the material
items from the Flow of Learning Objectives (ATP). Next, the electronic module content material
is compiled, followed by the process of recording a demonstration video that explains the material

Volume 11, No. 3, September 2024



Development of interactive media sheet metal design modeling ... | 341
Deni Kusuma Adi Pangestu, Widiyanti, Poppy Puspitasari, Agus Suyetno

and the steps of the task. Video making is done as interesting and clear as possible so that users
can easily understand the content presented.

4. The expert validation stage is conducted to validate the product through evaluation from experts.
The validation of learning products includes aspects of material quality and media quality aspects.
The two types of learning media validated are electronic modules and video tutorials.

5. Revision Stage I, the aim is to improve and refine the weaknesses of the product design, based on
input from media experts and material experts with student needs.

6. The next step is a small-scale trial with 6 students as subjects to get feedback. Selected students
in this trial will be asked to provide comments and input on the product that has been distributed
by answering the questionnaire. Representatives of small or limited groups should reflect the
actual purpose of the test (Amin et al., 2023). If the evaluation of the use of learning media shows
weaknesses, then improvements are needed.

7. Revision Phase Il was conducted if there were still weaknesses or shortcomings identified during
the small-scale testing. The product is intended to be refined before undergoing testing on a larger
scale.

8. The Operational testing stage was conducted after product refinement, to obtain feedback from a
wider scale of subjects.

9. Final Revision Stage, the results of feedback and recommendations obtained from the operational
trial were used with the aim of refining the product before it was implemented in the learning
process.

10.The Final Product stage is the final result of the development process, in the form of video
tutorials and electronic modules that have been improved based on reviews, feedback, and
evaluations of the previous trial and development stages.

Product Testing

To evaluate the overall feasibility of the product, product testing is needed which includes
several aspects including validation tests, trial design, trial subjects, types of data, data collection
tools, and data analysis methods.

Validation Test

The validation test uses a questionnaire assessment sheet given to lecturers of the Department
of Mechanical and Industrial Engineering, Faculty of Engineering, State University of Malang as
media and material expert validators to carry out the validation test stage of interactive learning
media products. Improvements will be made immediately if the material expert or media expert
provides suggestions or corrections after the review.

Product Test Design

The product feasibility trial was divided into two stages, feasibility trial on a smaller subject
scale and operational trial on a larger subject scale. In the first stage, the product is tested by preparing
a validation sheet that includes assessment aspects such as coloring, use of words and language,
screen display, presentation, animation, and sound for media expert validators, as well as content,
presentation, and contextual feasibility for material expert validators. The second stage includes the
implementation of product testing by preparing a questionnaire on the results of product
development, distributing products, and distributing questionnaires to students.

Test Subject

The subjects of the small-scale trial were 6 students in class XI TPM (Mechanical Engineering)
Vocational High School 1 Kediri 4th semester of the 2023/2024 academic year. This sampling
technigue, according to Sugiyono (2013) indicates that the member sampling process is carried out
randomly without regard to the educational level of the class population. The large-scale or
operational test involved 32 students in class XI TPM 2 (Mechanical Engineering) Vocational High
School 1 Kediri in semester 4 of the 2023/2024 academic year, chosen with the consideration that all
students have uniform characteristics.
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Data Collection Instruments

This process includes various methods, such as interview guides, submission of questionnaires
in Google Form format shown in Table 1 Media Expert Validation Instrument, Table 2 Material
Expert Validation Instrument and Table 3 User Instrument, document acquisition to document the
learning process, as well as taking photos during research and observation activities to find out how
teachers and students interact directly in TGM CAD learning.

Table 1. Media Expert Validation Instrument

. Answers
No. Aspects and Indicators 1 2 3 2
A Colorations
1 Media Coloration Does Not Interfere With Understanding The Material.
2 Interesting Color Combination.
B Use of Words and Language
3 The Video Used Good And Correct Indonesian Language.
4 Language Compatibility With The User's Level Of Thinking.
5 The Politeness Of Language Use.
C Display on Screen
6 The Use Of Font Type And Size Is Appropriate And Easy To Read.
7 The Video Editing Method Gives A Positive Impression That Attracts Interest In
Learning.

D Presentation
8 The Material In The Video Is Coherent With The CAD Material.
9 Video Media Presentation Supports User Participation In Learning.
10 Images Are In Line With The Material Presented.
11 Short Duration (<15 Minutes) So As Not To Bore The User.
E Animation and Sound
12 There Is A Transition Effect in the Video To Attract Attention.
13 There Is An Explanatory Voice On The Video To Make It Easier To Understand.
14 The Explanation Voice Is Clear And Facilitates The Learning Process.
15 Background Music Adds Interest And Avoids Boredom.
16 The Accuracy Of The User's Voice With The Text And Video Material.

Table 2. Material Expert Validation Instrument

. Answers

No  Aspects and Indicators 1 2 3 2

Content Feasibility

The Material In The Learning Media Supports The Competencies To Be Achieved.

The Material Presented Is Coherent Starting From The Introduction Of Concepts,

Definitions, and Procedures To Implementation.

The Terms Used In The Learning Media Are Appropriate.

The Material Presented Can Attract Interest In Learning.

Presentation Feasibility Aspect

The Material Presented Starts From Easy Material To Difficult Material.

Practice Problems Can Be Used To Hone Skills.

The Materials In The Learning Media Are Interactive And Participatory.

Learning Media Materials Are Adapted To The Cognitive Level Of Users.

Explanations In The Learning Media Reflect The Content Of The Material.

Explanations In The Learning Media Are Simple And Easy To Understand.

Contextual Feasibility Aspects

The Material In The Learning Media Is Related To The Reality In The Industrial

World.

12 The Material In The Learning Media Is Relevant To Industrial Reality.

13 Exercise Problems Are Organized From Simple To Complex According To The
Order Of The Material.

14 The Way The Exercise Is Completed Adds Insight To Knowledge.
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Table 3. User Instrument

No. Aspects and Indicators Assessed T 2 3 4 Agswgrs 2

A Display Aspect

1 Display Responses From The E-Modules And Video Tutorials.

2 Attractiveness And Consistency Of Color Usage.

3 Simplicity And Easy To Read.

4 Create A Positive Impression So That It Can Attract Interest In Learning.

5 Ease Of Language In Presenting The Material.

B Effective and Efficient Aspects

6 The Duration Of The Video Tutorial Material Is Not Too Long So It Is Not Boring.

7 Flexibility Of Media Use.

8 Learning Motives For CAD In The Media Influence Respondents' Learning
Attitudes And Responses.

9 The Existence Of Tips And Tricks Can Make It Easier To Learn CAD

10 The Presentation Of Material In The Electronic Modules And Video Tutorials Is

Related To The Relevance Of Other Subjects At SMKN 1 Kediri.

C Interactive Aspects

11 Practice Exercises Come With An Answer Key For Users To Follow.

12 There Is An Explanatory Voice On The Video So That It Is Easier To Understand.

13 Video And Module Materials Can Introduce New Ways Of CAD Drawing.

14 Video Materials And Electronic Modules Can Encourage Learners To Read
Technical Drawings.

15 Modules And Video Tutorials Allow You To Follow The Steps Of CAD Drawing
Directly.

16 The Comment Section On Each Video Can Help Users Ask Questions Or Get
Feedback.

D Acceptability Aspect

17 Electronic Modules And Video Tutorials Can Foster Enthusiasm In Learning CAD.

18 Electronic Modules And Video Tutorials Can Make Learning CAD Less Boring.

19 The Electronic Modules And Video Tutorials Are Easy To Understand.

20 Electronic Modules And Video Tutorials Can Support Mastery Of Manufacturing
Engineering Drawing (CAD).

E Critigue and Suggestion Aspects

21  Things That Need To Be Improved/Eliminated In The Presentation Of Sheet Metal
Design Modeling Learning.

22 Things That Are Interesting When Using This Media.

Data Analysis Techniques

There are two data analysis methods used, namely qualitative descriptive analysis and
guantitative analysis. Qualitative data is obtained from observations, interviews, and documentation
of test subjects or experts in their fields, and is used to strengthen the results of quantitative data. The
formula for analyzing quantitative data comes from the results of questionnaires given to material
experts, media experts, and test subjects. The following Formula 1 formula for analyzing data refers
to Juliana & Sulistyowati (2023).

p =22 x 100% 1)
T 3N °

Description P is a percentage assessment of the evaluation of the test subjects, Zn is the total
value of the answers given by respondents and N is the total maximum score from the answers
given.

From the evaluation conducted by material experts, media experts, and trial subjects, the
results of the percentage assessment are obtained, and the criteria for determining the percentage
evaluation as a guideline for evaluating the feasibility of learning materials are grouped according to
Table 4 which refers to Purniawan & Sumarni (2023) below.
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Table 4. Criteria for Assessment of Questionnaire Score Percentage

No. Value Scale Intervals Categories
1 4 81.25% < Skor < 100% Very Good
2 3 62.50% < Skor < 81.25% Good

3 2 43.75% < Skor < 62.50% Less Good
4 1 25.00% < Skor < 43.75% Not Good

RESULTS AND DISCUSSION
Results
Results of Initial Product Development

The product being developed is an interactive learning media for sheet metal design modeling
based on Autodesk Inventor 2023 software, in the form of video tutorials integrated with electronic
modules. Competency outcomes are based on the formulation of the TGM CAD Learning Objectives
(ATP) for the Machining Engineering Expertise Competency at SMKN 1 Kediri obtained from the
2022 Merdeka Curriculum. The competency outcomes include (1) Explanation of the use of CAD
applications in the context of learning; (2) Modeling of product components (manufacturing design)
in 2D and 3D formats using CAD applications; (3) Organizing the process of assembling components
into a single unit (assembly) using CAD applications; (4) Preparation of drawing documents required
for the manufacturing process.

Based on the ATP formulation, some additional materials have been incorporated into the
learning media being developed to expand learners' knowledge in the use of CAD applications,
including (1) Creating sheet metal designs through manufacturing processes; (2) Utilizing the frame
generator feature available in the assembly menu; (3) Using the welding and symbol features in
making components through the welding process available in the assembly menu; (4) Adding user
experience as part of the product, which aims to share experiences in using Autodesk Inventor
professional 2023 software to improve performance in the design process.

Results of Item Formulation and Storyboarding

The results of the formulation of interactive learning media material items sheet metal design
modeling using Autodesk Inventor 2023 software, there are 8 sections of material including (1)
Introduction to CAD; (2) 2D sketch; (3) 3D sheet metal model; (4) Assembly; (5) Drawing; (6) Frame
Generator; (7) Weldment; (8) User Experience. The materials compiled have been adjusted to the
various menus and features in the Autodesk Inventor Professional 2023 software. The material is
also enriched with practice questions from various sources, including a collection of CAD practice
questions from CAD course lecturers at DTMI, Faculty of Engineering, State University of Malang,
and sources of practice from YouTube and Instagram platforms. To increase motivation and make it
easier for users, this media is equipped with motifs or examples of CAD products, tips, and tricks in
drawing, as well as links to the help website (Autodesk help) and interactive learning videos.

Result of Interactive Learning Media Product Sheet Metal Design Modeling

The results of the development of interactive learning media products for sheet metal design
modeling based on Autodesk Inventor Professional 2023 software are presented in the format of
video tutorials integrated with electronic modules (E-Modules). Each tutorial video section has a
URL link that leads to the video on the YouTube platform. The tutorial videos are divided into two
playlists, namely tutorials (9 videos) and exercises (12 videos and 15 practice questions). The
practice questions are more focused on the concept of 2D sketching and 3D creation to improve
students' practical skills in reading drawings. The following are Figure 2, Figure 3, and Figure 4
Displays of the developed interactive learning media.
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How to Use Learning Media

This learning media can be used with various devices, such as smartphones, computers, or
laptops. Video tutorials can be accessed through the YouTube app or a frequently used web browser.
Meanwhile, the electronic module (e-module) can be accessed using a PDF reader or similar
application. The following Figure 5 shows the procedure of using interactive learning media for sheet
metal design modeling.

Open & Study the Every Chapter Has a Will be redirected to the

Material in the E-Module Clickable Link/Url Video Tutorial Page
(YouTube/Website) e
@S
<>
-
% “ |
Available Job Sheet/Exercise on E- After Studying the Video/Material
Module to Train Skills in Drawing Return to the E-module

Figure 5. How to Use Learning Media
Results of Media Expert Validation

Information data regarding the results of media validation by media experts are presented in
graphical form in Figure 6 below.

Media Validation (%)

100 - 100 100 100 100 98,44

®
=1
1

Percentage (%)
1

40

20

Coloration Words and Screen Display Presentation Animationand  Average
Language Sound

Assessment Aspect
Figure 6. Media Expert Validation Results

The results of the media validation are shown in Figure 6, the total average of 5 aspects of the
assessment received a score of 98.44% from 16 validation instrument items. For the aspect of
coloration, as much as 2 points get an average of 3.5, for the aspect of words and language as much
as 3 points gets an average of 4, for the aspect of screen display as much as 2 points gets an average
of 4, the aspect of presentation as much as 4 points gets an average of 4, the aspect of animation and
sound as much as 5 points gets an average of 4. Based on the results of expert validation, it is
concluded that the interactive learning media for sheet metal design modeling based on Autodesk
Inventor 2023 software is suitable for use and field testing with minor improvements such as color
selection in the 3D cover design.
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Results of Material Expert Validation

Informative data related to the results of material validation conducted by material experts are

presented graphically in Figure 7.
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Figure 7. Material Expert Validation Results

The results of the material validation shown in Figure 7 above, the total average of the 3
aspects of the assessment received a score of 89.28% from 14 validation instrument items. The
content feasibility aspect of 4 points gets an average of 3.5, the presentation feasibility aspect of 6
points gets an average of 3.66, and the contextual aspect of 4 points gets an average of 3.5. Based on
the validation results, the interactive learning media sheet metal design modeling based on Autodesk
Inventor 2023 software is feasible to continue with several revisions from material expert validators
such as adding competency achievements in the introduction section of the E-Module, adding
specific job descriptions related to sheet metal design in the industry.

Results of Product Testing

The results of product testing are classified into two stages, namely small-scale testing and
operational testing, with the data presented graphically in Figure 8.
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Figure 8. Results of Product Testing
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Based on the data from Figure 8 of the product testing results, the score obtained from the
small-scale testing was 92.08%. Referring to the assessment criteria listed in Table 1, these results
are categorized as very good. Making interactive learning media sheet metal design modeling based
on Autodesk Inventor 2023 software is considered feasible to proceed to operational testing.

After conducting a small-scale test, the operational testing continued for 4 days, consisting of
3 days of online interactive discussions through the WhatsApp application guided by the TGM CAD
teaching teacher, followed by one offline meeting at the CAD Laboratory of VVocational High Schools
1 Kediri. The testing process involved 32 students in class XI TPM 2 who were taking TGM CAD
learning and obtained operational testing results with a score of 91.09%. Referring to the assessment
percentage criteria set out in Table 1, these results are categorized as very good. Making interactive
learning media products sheet metal design modeling based on Autodesk Inventor 2023 software is
considered feasible and can be used as a learning tool.

Discussion

The success of an interactive learning media development product is supported by several
factors, including the suitability of needs analysis and applying the correct development steps (Putra
& Salsabila, 2021). In addition, the success of the product is also related to the term user friendly,
which means that the product or media is designed to facilitate users and make them feel comfortable
(Listiyono et al., 2022). Products that include instructional videos integrated into electronic modules
can provide accessibility because they can be accessed anywhere and anytime (Yang & Xia, 2023).
Research shows that effective use of interactive media in learning can increase student engagement
with the material and result in a more effective learning experience (Aulia et al., 2024). It fits the
context of the TGM CAD topic, which emphasizes practice and skill demonstration and is efficient
for use in both hands-on and self-paced learning (learn from home).

The utilization of the developed E-Module gives the impression of interactivity in which there
is material on the steps of designing complex sheet metal, instructional videos, barcode group
discussions, user experience, and jobsheets that can increase engagement and understanding. The
utilization of technology-based interactive media is expected to be able to produce intensive
communication between students and educators (Haleem et al., 2022; Fakhruddin et al., 2024). The
product has gone through a validation process by material expert validators and media expert
validators to ensure that the content meets the set standards.

The benefits of Interactive E-Modules include making learning more interesting and
interactive, reducing teaching time, improving learning quality, enabling learning anywhere and
anytime, and improving students learning attitudes (Permitasari et al., 2022). The results of product
testing with students show that the presentation aspect still has shortcomings, so providing
suggestions and input from students is important as a reference for improving the final product to
improve its quality. Suggestions and input that are considered relevant are considered and
implemented in product revisions based on expert validation and field testing results. In addition, the
positive response from students to the products made shows that users are very enthusiastic and
interested in using interactive learning media sheet metal design modeling based on Autodesk
Inventor 2023 software. This product successfully fulfills the expectations and needs of the learning
activities of students.

CONCLUSION

The conclusions that can be drawn from the research objectives of developing interactive
learning media for sheet metal design modeling based on Autodesk Inventor 2023 software are as
follows: 1) The product is produced by utilizing video tutorials integrated with a complete E-Module
from the introduction of CAD, 3D modeling which includes 2D sketch, 3D sheet metal model,
assembly, drawing, frame generator, 3D weldment and equipped with a user experience that can be
accessed anytime and anywhere. 2) The research and development model applied follows the stages
contained in the Borg & Gall development model. 3) E-Module products through the media
validation stage, presented validation results with a value of 98.44% with very good assessment
percentage criteria and revision notes in several parts. 4) E-Module products go through the
validation stage for the material, presented validation results with a score of 89.28% in the criteria
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for very good assessment percentage, and revision notes in several parts. 5) This E-Module product
was also tested on a small scale of 6 respondents from students of class XI TPM 1 and obtained a
score of 92.08%. According to the predetermined assessment percentage criteria, these results fall
into the very good category. 6) The E-Module product was also tested on a large/operational scale as
many as 32 respondents from students of class X1 TPM 2, stated the results obtained with a score of
91.09%. These results fall into the category of very good and very feasible to be utilized as a learning
tool, based on the assessment criteria.

For the next research, it is suggested to improve the quality of interactive learning media for
sheet metal design modeling based on Autodesk Inventor 2023 by adding materials that improve
students' competencies, such as cable and harness, tube and pipe, surface design, inventor studio, and
mold design. It is also recommended to improve the user experience and add exercises or jobsheets
that are complex and integrated with real products in the industry. Educators are expected to develop
and utilize this media to improve student learning outcomes.
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