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Practice of Manufacturing Education 
Using an Art Work Based on Design Thinking
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Abstract
This study examines the effect of manufacturing education based on design thinking on mechanical engineering students 
using an artwork. A miniature movable sculpture based on “Flexible Dimension” by Junko Sugimori is developed. Using 
many real pictures of the sculpture and an outline made using a 3D printer, a basic model for the miniature sculpture was 
made. To move the miniature sculpture, finger motion data were captured using Leap Motion technology, the angle of 
rotation was calculated, and the data were transmitted via XBee processing. From this project, which discusses miniature 
sculpture development, students learned about the relationship between manufacturing and art based on design thinking.
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1　Introduction

In this paper, a practical example of manufacturing education based on design thinking is introduced. This example 
is on the theme of the artwork “Flexible Dimension” by Junko Sugimori and was the subject of a “graduation research 
seminar.” This subject is part of the second half of the third year in the Department of Mechanical Systems Engineering 
at Aichi University of Technology.

Digital fabrication is expected to be the future of manufacturing. It is a design and manufacturing workflow where 
digital data directly drive manufacturing equipment to form various part geometries [1]. These data most often come 
from computer-aided design (CAD), which is then transferred to computer-aided manufacturing (CAM) software. The 
output of CAM software is data that direct a specific machine, such as a 3D printer or computer numerical control 
milling machine [1]. One advantage of digital fabrication is that it enables the manufacture of things that are hard to 
make using conventional fabrication technology [2]. Artworks are one example. There is no doubt that 3D printers are 
one of the key tools of digital manufacturing. However, it is said that development of the “Internet of Things” (IoT) 
heralded the true start of the digital fabrication era [3]. In contrast to conventional production methods, 3D printers can 
create 3D models based on digital data, and they are attracting attention as a personal digital fabrication tool. Thus, 3D 
printing is expected to reduce manufacturing costs and lead to innovations in manufacturing that utilizes open source 
technology [4].

Digital technology has rapidly become popular in the art field, and the two have begun to fit together very well since 
the advent of rapid prototyping. One reason for this is that artists have inquiring minds and wish to understand art itself. 
Another reason is that in a world where new media art is flowering, artists that have a high motivation to make are 
keen to try modeling using 3D printers [5]. One example of the application of a 3D printer to art is the reproduction of 
historical artworks at Museum Boijmans Van Beuningen in Rotterdam, the Netherlands [6]. However, in many cases, a 
3D scanner is used when these reproductions are made. A 3D scanner needs to be accurate, and an expensive 3D scanner 
is needed for high accuracy. Although these can be used for small artworks, methods besides using a 3D scanner are 
suggested for the making of large artworks.

The case of the Department of Mechanical Systems Engineering of Aichi University of Technology, of which the 
first author is a member, will now be introduced. Third year university students need to belong to a laboratory of 
the department and are taught by teachers of that laboratory. The program of study is left to the teacher's discretion. 
However, the content will be based on strength of materials, thermodynamics, fluid dynamics, and dynamics of 
machinery. Considering recent IoT trends, students need to have knowledge of the techniques of mechatronics. However, 
they cannot obtain this understanding in the true sense if they attempt to learn using only Arduino and Raspberry Pi, 
because the understanding will only be at a textbook level and not truly applicable to real-world practice. Thus, students 
are expected to improve their knowledge and motivation and can develop their practical ability if a subject on the theme 
of digital fabrication is given to them in the context of Project-Based Learning (PBL).

Considering the above, in this paper, we introduce a trial of manufacturing education with the aim of reproducing an 
artwork on a smaller-scale using digital fabrication. The subject artwork is “Flexible Dimension” by Junko Sugimori [7]  
(Figure 1), which is located at Aichi University of Technology. An education method for students whose major 
is mechanical engineering, and to whom strength of materials, thermodynamics, fluid dynamics, and dynamics of 
machinery are taught, is introduced. This method must contribute to students gaining a basic knowledge of future 
manufacturing. In addition, students can use this to practice “design thinking” [8], which has attracted attention in 
industry, by targeting an artwork that is familiar to the students. There are many ways to solve problems after they have 
been analyzed. These solutions can be termed analytical solution methods. According to design thinking, people should 
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make careful observations to understand the nature of something and any potential problems that may arise. From this, 
a solution can be arrived at based on the formation of a completely new idea, and the person then tries to apply the 
solution. A successful solution is obtained after learning gleaned through repeated trials [9]. Thus, design thinking can 
be said to be more creative than conventional solution methods [9].

Design thinking consists of five stages, as follows [10]:
(1) Empathize: This stage aims to get a better understanding of the problem that a person wishes to conquer. This 

includes consulting experts on the matter, engaging more deeply with the issue to better understand the problem at 
hand and working through the issue as a group to gain a deeper comprehension of everything that is involved with 
the problem.

(2) Define: During this stage in the design thinking process, people put together all the information gained during the 
previous stage. Essentially, this involves analysis of the data and putting it in order to better formulate the problems 
that the team has defined to this point.

(3) Ideate: During this stage, design thinkers start to use the information from the previous stages to generate logical 
ideas. From here, a team will start to generate ideas that may be “outside the box,” or perhaps just ideas that may 
normally be skipped over when not all of the information is presented. This stage allows for the generation of 
alternative ways to solve normalized problems.

(4) Prototype: During this stage, the team will work on creating a number of inexpensive products with specific 
features. This allows for design thinkers to investigate possible solutions to the problems that were identified in the 
earlier stages of the process. With each new prototype, the team investigates a different aspect of the problem and 
explores how each of the prototypes would fix the problem.

(5) Test: During this stage, design thinkers test the prototypes made in the Prototype stage. They test to see how well the 
prototypes solve/handle the problem that they initially analyzed in the Empathize and Define stages. Even during 
this stage, the team can and will make alterations and refinements in order to make the product more polished for 
their needs.

Fig. 1 Appearance and actual size of “Flexible Dimension” by Junko Sugimori [7] 
from various directions
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It is said that when engineers adopt design thinking, the impact is huge [11], and engineering ability can be improved 
if students learn the method of design thinking. Thus, the artwork subject contributes to manufacturing education based 
on design thinking. The five stages of design thinking are illustrated in Figure 2.

The remainder of this paper is organized as follows. Section 2 introduces our manufacturing project and how it 
proceeded. Section 3 introduces the concrete developing process and describes the methods of “taking photographs of 
the sculpture and 3D modeling,” “editing and outputting the model,” “developing the program,” and “making a storage 
case.” Section 4 details the results of development and considerations about this project. Section 5 summarizes the 
paper.

2　Explanation of the project

The project in this paper is a “graduation research seminar” course assignment, which is held at the first author's 
laboratory. This project progressed as a PBL-like course. Here the project that the students were involved in is 
introduced.

The mission and period of the project were set as follows. Presenting the contents of the project, as introduced in this 
section; understanding the situation; considering the thoughts of the creator (Junko Sugimori) and her intentions for the 
work; and considering how the observer evaluates the sculpture in a way equivalent to the Empathize stage of design 
thinking.
・  Mission of the project
 To make a smaller version of the sculpture “Flexible Dimension,” which is located at Aichi University of 

Technology, and devise a way of allowing it to move. Any methods for this are welcome.
・  Period of the project
 From September 13, 2016, to February 3, 2017. Final report meeting was held on February 3, 2017.

“Flexible dimension,” which is the theme of the project, has a variety of characteristics, and the sculpture can be 
seen as a spiral, a heart, or a puzzle ring, according to the observer's viewing angle [7]. Junko Sugimori, who was the 
creator of “Flexible Dimension,” comments about the sculpture as follows: “heart means the connection of warm hearts 
and the kanji of ‘Ai,’ which is the first character of ‘Aichi’ and means ‘love’ in Japanese; the ring whose front and back 
continue like a Moebius strip symbolizes infinite possibility, like the character ‘∞’ and the kanji character, ‘Chi,’ which 
means ‘wise’ in Japanese. In addition, the spiral symbolizes technology” [7]. Sugimori created this sculpture with the 
following wish to the youths who will bear the next generation: “They should not look at things from a single viewpoint 
and should look at things with flexibility from diverse viewpoints. Thus, they can find new wisdom and worth and open 

Fig. 2　Concept of design thinking. This figure has been refined by the authors based on [12]
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the way to the future” [7]. Observers look at the sculpture from various angles and can “enjoy experiencing the changes 
of the various expressions and shapes of the sculpture” (Figure 1). At first, Sugimori thought that an observer could 
enjoy the transition of the sculpture’s appearance and see the intention of the work if the upper part of the sculpture 
was operated by power, making the sculpture into a piece of kinetic art. However, she abandoned this idea because of 
its cost. In addition, a general approach for making the sculpture smaller was considered in order to pre-simulate it at 
an exhibition. For example, projection mapping would be a simple way to achieve this from the point of view of the 
nature and scale of the work. Thus, the project in this paper aimed to make a replica of the sculpture that was small but 
faithfully reproduced, on the basis of its real shape, and to enable the replica to turn by power. Figure 1 shows the real 
measurements of “Flexible Dimension.” In the upper part of the sculpture, the widest part has a width of 1500 mm. 
Therefore, it is difficult to measure using a commercial 3D scanner.

Seven students attended the graduation research seminar class, and three of them were involved in this project. The 
class was held once a week (for 90 min from 15:10 to 16:40 on a Tuesday). Weekly progress check meetings were 
held by the teacher of the class (the first author of this paper) with the students who were involved in the project. The 
students were required to give a presentation at each of these meetings and reported the problems that had been solved, 
any current problems, future plans, and so on. This ensured that the students continued to turn the “plan-do-check-act” 
(PDCA) cycle smoothly. The seminars were held on the basis that there must have been some progress from the previous 
week. Students also had to produce Gantt charts in order to visualize their plan. This included the identification of 
problems that were expected to be solved and whether these had been solved by the deadline. This progress management 
was important, because students needed to operate the downsized sculpture and present the final report at a meeting on 
February 3, 2017. GanttProject [13], which is a free software, was used to make the Gantt charts.

The teacher only proposed the approach and did not suggest specific methods for achieving the final goal. However, if 
the students proposed approaches at the weekly meeting that were off track, the teacher provided comments to this effect 
and suggested they should reconsider their approach. In addition, the teacher made a rule that they could not ask for 
advice about methods, and they need to discuss and consider the solution to the problem themselves. The teacher did not 
set restrictions on the students' discussion methods or process; however, they strictly progressed their discussion based 
on the four rules of brainstorming: “criticism is ruled out,” “free-wheeling is welcomed,” “quantity is wanted,” and 
“combination and improvement are sought” [14]. Figure 3 shows the flow from presenting the task to finishing making 
the work and items that students considered and solved by themselves for the final goal (making of a miniature version 
of “Flexible Dimension” and making it movable). There were many problems that the students needed to consider for 
the final goal: “how to shrink the sculpture,” “how to model the smaller version of the sculpture,” “how to print the 
model by 3D printer,” and so on. The students needed to solve these problems by themselves, largely without the help of 
the teacher.

3　Development process

In this section, the development procedure that the three students who joined this project actually proposed and 
followed is introduced in order to demonstrate the educational achievement. The contents of this section correspond 
to the “Define,” “Ideate,” and “Prototype” stages of design thinking. Figure 4 shows the whole procedure that was 
followed by the students. The development mainly consisted of “taking photographs and 3D modeling of the sculpture,” 
“arranging and outputting the 3D model,” “programming,” and “making the storage case.”
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3.1　Taking photographs and 3D modeling of the sculpture
The Department of Mechanical Systems Engineering of Aichi University of Technology, of which the first author 

of this paper is a member, recommends that students take a “3D-CAD operating engineer qualified examination” [15] 
and that 3D CAD is actively used by students in classes. Thus, the students involved in this project suggested that they 
should draw a plan of the sculpture and then model and output the result of the modeling using a 3D printer. From the 
point of view of the teacher, this seemed to coincide with the aims of the study of 3D CAD at the university.

However, “Flexible Dimension” was not created from a plan, and thus, there is not any written information about the 
size and curvature of the sculpture. Therefore, the students could not use such plan information about the sculpture for 
the model. As an alternative solution, the students considered a method based on modeling from pictures of the sculpture 
and considered the possibility of using this method. First, the students took pictures of the sculpture for 3D modeling 
(Figure 1). They took 147 pictures from various angles. Next, they created 3D data for the sculpture from these 147 

Fig. 4　Overall development process

Fig. 3　Overall flowchart and problems that the students had to solve
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photos using Autodesk Remake (by Autodesk, Inc.), which can create 3D data from photos with high accuracy. Figure 5 
shows the 3D data resulting from this process. From Figure 5, it can be seen that these data reproduce the general shape 
of the sculpture. However, some parts could not be reproduced, and there were some missing data. In addition, the actual 
sculpture has a tube-like shape and consists of tubing that is of uniform diameter. However, the diameter of the 3D data 
was not uniform, and the shape was uneven. It was considered that this might be caused by the effect of the color of the 
sculpture in relation to the background.

Thus, considering that “Flexible Dimension” is a sculpture made from a tube, the outline of the sculpture was traced 
using a spline curve with a uniform shape based on the 3D data (Figure 6(a) and (b)). The shape-traced data were 
corrected and converted by Meshmixer (by Autodesk, Inc.), then read by Inventor2015 (also by Autodesk, Inc.). The 
spline curve was defined as a path, and a model was created after the spline curve was swept using a circle as its basic 
shape (Figure 6(c)).

Fig. 5　3D data made from the actual sculpture

Fig. 6  Created data and model of the sculpture. (a) Data used to trace the outline of the sculpture 
with a spline curve. (b) Model made by tracing the outline with a spline curve. (c) Model made 
using Remake by tracing the spline curve with a circular section

（a） （b） （c）
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3.2　Editing and outputting the model
The resulting model was imported into Cura2.3.1 (by Ultimaker B.V.) (Figure 7(a)), and it was then printed using 

Ultimaker2 (by Ultimaker B.V.), which uses a fused deposition modeling 3D printer (Figure 7(b)). A foundation was 
used, which supported the printed model, and this was removed after printing had finished. The size ratio between the 
real sculpture and the printed model was set at 14:1, considering the maximum size that the 3D printer could produce.

3.3　Programming
In this subsection, the programing method for moving and rotating the model of the sculpture is introduced.
The next goal after modeling was to move and rotate the model sculpture. Students proposed that they would like to 

consider moving or rotating the model sculpture using an Arduino Uno. The reason for this was that there are numerous 
reference books and websites about the Arduino Uno, and it is easy for students whose major is mechanics and who are 
not familiar to electronic works and mechatronics to learn about the system and to develop using it.

Considering the movement of the small version of the sculpture, the students proposed that it should not be self-
operated but intuitively controlled by an observer. Furthermore, they proposed that an observer would have more 
interest in the sculpture if it could be rotated according to the observer's hand motion. Thus, it was made to be controlled 
intuitively by a non-contact sensor. There are many non-contact sensors, such as Kinect 2 by Microsoft, Xtion 2 by 
ASUSTek, and so on. In this project, the students placed emphasis on intuitive control, and thus, Leap Motion (by Leap 
Motion, Inc.), which is a kind of non-contact sensor, was adopted in order to allow control by an observer's hand motion.

Motion information from the operator, which was inputted to a PC, was reflected to control the sculpture using the 
non-contact sensor. In this project, XBee, which is a short-range wireless communication standard, was applied. XBee 
can construct a wireless network easily even if the user has limited knowledge of wireless communication. The students 
were aware of their lack of knowledge about wireless networking, as they mainly studied mechanical engineering, and 
they considered that they could construct a wireless network if they used XBee. The communication range of the XBee 
module is approximately 30 m indoors and 100 m outdoors. In this project, the XBee module was to be used indoors, 
and thus, the students judged that there would be no problem using XBee from the point of view of communication 
range. Two XBee modules needed to be prepared. One was set as a master device and the other as a slave device. In this 
project, the XBee module of the PC was set as the master module and that of the sculpture was set as the slave module.

The system the students considered was separated into the PC side and the sculpture-side. On the PC side, the Leap 
Motion sensor was connected to a laptop and detected the hand movements of the operator. A program was written with 

Fig. 7  The model of the sculpture and matter printed by the 3D printer and the comparison of the 
actual size and printed size of the sculpture. (a) The model shape imported to Cura2.3.1 and 
(b) the matter printed by the 3D printer

（a） （b）
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Processing (Processing Foundation) that received information about the operator's hand motion, and this information 
was converted to the sculpture's rotation angle according to the operator's gestures. This angle information was 
transmitted to the sculpture-side at 30 fps by the master XBee module.

On the sculpture-side, the slave XBee module, which was connected to an Arduino Uno, received the rotation angle 
information. The Arduino Uno then communicated with the slave XBee module by a serial link, and the data received 
were converted on the basis of a servo motor library. A servo motor then received the rotation angle information. 
The Arduino Uno was connected to a 9 V battery as an external power supply. The sculpture was connected to the 
servomotor's propeller. Thus, the sculpture rotated according to the rotation angle indicated to the servomotor. Figure 8 
shows a block diagram of this system.

3.4　Making of the sculpture-side system's storage case
A case for the Arduino Uno, the 9 V battery, and servomotor, which were components of the sculpture-side system, 

was designed using Inventor. The size of this case was based on the size of the Arduino measured using a Vernier 
caliper. This case was split into upper and lower sections. The upper section had two holes. One was for a propeller to 
rotate the sculpture, and the other was a screw hole for fixing the servomotor. The lower part had a locking pin for fixing 
the Arduino Uno and a hole for the battery line and a USB port. In addition, there were holes for the battery's on/off 
switch, a power indicator, and a gap for passing a line through the outside of the case. The design created using Inventor 
is shown in Figure 9.

Fig. 8　Block diagram of the system

Fig. 9　Design by the Inventor
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4　Results and discussion

Figure 10 shows the smaller-scale sculpture made by the students and its operation. In addition, a picture taken at 
the final report meeting is shown in Figure 11. Seven students, who previously belonged to the first author's laboratory, 
and three teachers, who belong to Aichi University of Technology, joined this meeting. The contents of this section 
correspond to the “Test” stage of design thinking.

Fig. 10　Finished product of the miniature sculpture and its movement

Fig. 11　Final presentation
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4.1　Improvement of students’ satisfaction and ability from the point of evaluation of class
The project introduced in this paper was carried out in 2016, and it involved three students. In this subsection, points 

for improvement are considered from the results of a questionnaire taken by these three students. However, this is only a 
reference, because of the small number of students involved in the project.

At Aichi University of Technology, students must evaluate classes based on 21 items on a 5-point scale. Examples of 
the evaluation items include the following: “Were you completely satisfied with this class?” “Did you take part in the 
class enthusiastically?” “Did the teacher of the class explain the syllabus, the point of the exercises and the goals?” The 
questionnaire results from five of these items (out of 21) relating to satisfaction with the class and students' motivation 
are shown in Figure 12. In figure 12, the questionnaire items from (a) to (e) are as follows:
(a) Were you completely satisfied with this class?
(b) Did you take part in the class aspiringly?
(c) How much do you think you improved your motivation?
(d) How much do you think you improved your humanity?
(e) How much do you think you improved your ability?
Here, students scored each questionnaire on the following basis: worst = 1 point; average (neither good nor 
bad) = 3 points; and best = 5 points.

From Figure 12, it can be seen that all three students were satisfied with this project. In addition, it was also found 
that motivation, humanity, and ability increased. The reason for this seems to be that this was a PBL-like project and the 
students had discussed about what thy had not been studied so far.

Fig. 12　Result of the questionnaire

（a）

（c）

（e）

（b）

（d）



Design Engineering  Vol. 55, No. 8 （August, 2020）

522

4.2　About design thinking
First, students considered the concept of “Flexible Dimension” and thought about the intention of its creator, 

Sugimori, and the difficulty in making the sculpture into a piece of kinetic art. Considering this, from the point of view 
of the observer, they worked to understand the needs of “Flexible Dimension” ((1) Empathize) and defined the problem 
of making a smaller version and converting it to a piece of kinetic art after observation of the real sculpture ((2) Define). 
After that, they worked to produce ideas for a modeling method and the application of a non-contact sensor ((3) Ideate). 
They made the smaller-scale sculpture experimentally ((4) Prototype) and tested its movement ((5) Test). Thus, it is 
suggested that the students worked on the principles of design thinking throughout the project introduced in this paper.

4.3　Facilitation of PDCA
The use of the PDCA cycle is required for completing the work during the term of the “graduation research seminar,” 

which lasts for 15 weeks. Considering this situation, the students were instructed to report their progress at every week's 
meeting. The teacher then provided feedback about the movement toward the goal, and the students worked to make 
progress and keep track of this by producing Gantt charts, and they finished their work before the deadline. Thus, the 
students were able to act without the teacher's instruction or suggestion, and it was suggested that they should discuss 
the project with each other and could work steadily to achieve the goal if the method for facilitating the PDCA cycle 
introduced in this paper were followed.

4.4　Interest in digital fabrication
According to the procedure in this paper, students were able to learn to apply real manufacturing techniques using 

their understanding of 3D CAD. In addition, they not only engaged in simple manufacturing, but also learned electronic 
techniques relevant to the IoT era through the process of contriving to make the work move according to the intention of 
an operator. In particular, they learned that the technology of mechanical engineering and electronics is not limited to the 
area of “engineering” but can be expanded to the area of “art.” Because they focused on an artwork, which had not been 
considered before, they also learned that these academic fields could work together. In addition, their interest in digital 
fabrication also seemed to be increased. As for the project in this paper, the students commented that “we worked on the 
project with a lot of interest,” “we were moved to see our developed object being operated as we designed,” and so on.

4.5　Increased understanding of the concept of “work's accuracy”
The students found that they learned the concept of “work's accuracy” through this project. They seemed to have 

preconceptions that “digitalized machines have high accuracy; thus, products made by these machines will be accurate.” 
However, they felt that they could not construct things as they designed and would like to make. For example, as stated 
in section 3.4, they measured the size of the sculpture-side system's storage case with a Vernier caliper. However, 
they found that the printed objects had small position aberrations when checked. This seemed to be a result of the 
configuration of the 3D printer and/or the emitting condition of its filament. Considering the above, they realized that 
they should consider the accuracy of printing even if the manufacturing is digitalized.

4.6　Hypothesis verification based on a failure and improvement of understanding
Ultimaker 2 was used in the development in this project. However, the miniature model of the sculpture could not be 

printed well during lamination when students used another 3D printer that was not as sophisticated as Ultimaker 2 and 
whose printing method is fused deposition modeling (Figure 13). Students hypothesized that this was because of the 
difference in the lamination pitch. The lamination pitch of Ultimaker 2 is 0.02 mm, but that of the 3D printer described 
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above is from 0.1 to 0.4 mm. It was suggested that the difference in the lamination pitch had a lot of influence on the 
printing of the reduced-scale sculpture. Students involved in this project considered that this poor-quality printing was 
the result of the 3D printer's accuracy, as explained above. Thus, they hypothesized that because the density of the 
printed object was low and had a sparse structure, an excessive load was exerted where the radius of the curative was 
large, as shown in Figure 13, and the workpiece was broken. Considering this, they decided to print with Ultimaker 2. 
There also seemed to be another reason for this problem, specifically that the “infill” configuration of the 3D printer was 
not changed from its default setting. As a result, the hypothesis that the poor printing was a result of the sparse structure 
was found to be true. However, the hypothesis that it was a result of the difference in lamination pitch was found to 
be false. After the “infill” configuration was changed to its maximum setting, these problems did not occur, and the 
sculpture could be printed without any problems. Considering this, the students were told that the “evaluation of this 
hypothesis was not good enough, and various other possibilities should be considered” as a reflection point.

This is quite usual, and it may be thought that students could acquire this knowledge in other non-PBL classes or 
through experiments or practical training. However, in such classes, experiments, and training, students tend to operate 
machines and make things passively. In addition, it is hard for students to realize the above things only in these situations 
because they are not presupposed to fail to make things. Conversely, in the PBL-like class introduced in this paper, they 
actively operate machines and design and make things by themselves. The risk of failure in this class is much higher 
than that in non-PBL experiments and training classes. Accordingly, the experience of failure can be turned into a good 
experience [17], and students are required to apply their knowledge and techniques. Thus, it is suggested that students 
can cultivate their understanding more than in non-PBL experiments, exercises, and lectures.

4.7　Interest in electrical work
So far, the Department of Mechanical Systems Engineering of Aichi University of Technology has given lectures 

related to electrical work entitled “Fundamentals of Electric Circuits” and “Fundamentals of Mechatronics.” The 
former is a lecture considering electromagnetic field simulation, electrical circuitry operation, the constitution of 
resonant circuits, and current–voltage characteristics, and the latter is a lecture focusing on operating principles, how 

Fig. 13　An example of failed printing
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to use sensors, the concept of digital signals, programming languages for microcomputers, control units, and interface 
circuits. Thus, students have not had the opportunity to actually apply the knowledge acquired from lectures or had the 
opportunity to carry out electrical work. All three students involved in this project said that they “have studied a little 
about circuit design so far, but gained a deeper understanding after designing and fabricating circuits” because they 
experienced circuit design and the application of a sensor through the graduation research seminar introduced in this 
paper.

In general classes, the syllabus seems to include things such as lighting an LED (Light Emitting Diode) or 
interlocking a switch and a sensor with an LED [18]. However, students' interest seems to be increased if the class is 
focused on digital fabrication, as in this paper, because the content of the class is not based on a textbook or manual but 
is practical.

4.8　Expansion of 3D CAD knowledge and techniques
The knowledge and techniques of 3D CAD are important to digital fabrication as introduced in this paper. However, 

CAD is used for mechanical design and machining, and many people conceive that CAD is only useful for mechanical 
parts and mold design. In reality, the contents of the class, “Mechanical System Design 2” and the “CAD/CAM/CAE” 
class at the Department of Mechanical Systems Engineering of Aichi University of Technology, in which students use 
CAD involves, mainly, jointing 3D parts in order to assemble an engine and designing a three-speed-gear or Geneva 
drive. However, it seems that students can understand the application of CAD for areas besides mechanical engineering, 
and the knowledge of CAD is not limited to mechanical design or machining but can be expanded to various areas 
including digital fabrication.

5　Conclusions

In this paper, as a mechatronics education method for mechanical engineering students, a practical case of 
manufacturing in which digital fabrication and IoT were merged was introduced. The following educational ideas and 
concepts were presented:
・  Focusing on an artwork, acquiring practical skills for manufacturing based on design thinking.
・  Digital fabrication education for mechanical engineering students and enhancement and improvement of interest in 

manufacturing.
・  PBL-like education based on indication of the final goal and encouraging the students' active learning and learning 

techniques.
・  Confirmation of progression at weekly meetings and producing Gantt charts, process construction for facilitating the 

PDCA cycle, and progression of the project.
・  Experience of failure and increasing the effect of active learning.
・  An understanding that knowledge of CAD can be applied to areas besides mechanical design and machining.

In the future, the method introduced in this paper will be applied to other artworks. Furthermore, the versatility of 
manufacturing in which mechanical engineering and art are merged will be suggested, and the method in this paper will 
be expanded to other education projects for students.
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