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Abstract 
 

As the scope of social expectations and roles in the design 
field are expanding, the demand for design education to cope 
with changes in the technology environment is increasing. In 
response to this trend, microcontroller board-type 
design-prototyping tools have been introduced into design 
education, and much educational content is being developed. 
However, there is the perception that students who are 
majoring in design without engineering knowledge are still 
discouraged from entry. A variety of educational content and 
tools have been developed to solve these difficulties, although 
there are several limitations to their practical application. 
Especially, in the design education courses in universities, the 
functional expectation level for prototyping is high, but most of 
the content developed for solving the difficulties has been 
developed for the lower education levels, and it could be said 
that a great deal of learning is necessary to solve the problem. 
In this study, students were asked about microcontroller board 
utilization and their satisfaction with their design through 
questionnaires and with the developed microcontroller board 
development direction via Focus Group Interviews. Based on 
this, we tested microcontroller boards that eliminate the coding 
process and which students can use to create and prototype 
their work as a suggestion to fulfill demand. After using the 
board, both the usability and improvement of the product were 
checked. Confirmation of the usefulness of the 
free-coding-type microcontroller was obtained through this 
study along with the possibility of responding to various 
educational demands by applying the application design related 
to this product. 
 
Keywords: Design Education; Microcontroller Board; Design 
Prototyping 

 
Introduction 

     
In recent years, design-prototyping tools for microcontroller 

boards such as Arduino and related educational content have 
been introduced as a response to new technological 
environment changes in addition to education in the field of 
design education. However, there is the perception that this 
approach presents a barrier to students who have no knowledge 
of engineering, and this perception is an obstacle to actively 
acquiring and utilizing related knowledge. The reason for this 
can be found in Korea's elementary and middle school 
education curricula, but in recent years, related education has 
been supplemented in the basic curricula in response to social 
demand. However, the educational content and tools developed 
because of this demand are not actively utilized in the 

education field at universities. One of the causes of this is the 
expectation level of the functional implementation of 
prototyping in design education at universities, but most of the 
content developed for solving the difficulties has been 
developed for lower education levels. 

In this article, a prototyping tool for design education is 
proposed which can solve the difficulties based on this 
recognition and can realize certain functionality in a short 
period of time. For this purpose, the design requirements were 
specified through prior research and investigation, after which 
board prototypes with microcontrollers were produced for 
educational programs and a functional verification was 
conducted with questionnaires. 

 
Research background 

 
The current state of basic education for educational design 

was investigated through previous studies and the 
characteristics of simplified educational tools based on 
microcontrollers were analyzed. In addition, to set the direction 
of educational design research, a pilot study was conducted at 
the university using a microcontroller toolkit that simplified the 
coding process based on this content (Figure 1). To examine 
the utilization of the toolkit, the pilot study was conducted over 
a short period of time during the preliminary education and 
practice for university students who did not have a basic 
knowledge of engineering technology: a total of 8 hours over 2 
days on subjects such as 3D printing. It was designed not only 
as a simple prototyping toolkit but also for creativity based on 
design methods for the basic design process consisting of a 
basic theoretical program for understanding creativity, idea 
concepts, prototyping for the expression of ideas, idea elements 
through life observation, understanding prototyping tools, 
storytelling, and prototyping. 
 

 
Figure 1. The pilot study. 

 
Teacher and student interviews were carried out in advance to 
draw out the problems in creativity education. In the interviews 
with the teachers, there were many points that related to classes 
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Overall, the final grades are worse than the previous semesters. 
 

B. Students’ homework 
Students noticed that engineers benefit the society; however, 

our works also results in some risks or drawbacks to the general 
public owing to the case study.  21-day ethical practice report 
was a written assignment to propose a plan that they can do to 
reduce the harm caused by techniques.  The report had to 
address why, what, how, when and where they implement the 
team project.  Here is some reflection according to their written 
report of 21day ethical practice. 

1. Although the topic is old, we still serious to achieve 
it. And we believe that what we do more or less will change the 
environment. 

2. When I started implementing this project, It’s really 
not used without plastic bags. If you forget to bring a green bag, 
you can only hold it by hand. Sometimes I really feel very 
troublesome; however, after 3-5 days, gradually getting used to 
it, I found that I only need to be diligent. Put the bags into the 
backpack before going to bed every day. This plan can continue 
smoothly, even after 21 days, you can still carry on. This will 
make a contribution to the Earth. 

 
C. Photos of the class activities + lecturer’s class note 

 Based on the observation of the photos in the class time and 
the notes from the instructor.  Some commends are like the 
following.  Usually, one key person in a team lead the progress 
going well.  It is important to have a good leader in a team’s 
activity.  It’s also true when two teams are discussing, for 
example an moral practice on STS case.   

Most teams engaged to the class activities like the photos 
shown; however, some would hide and wait.  This part 
probably would require further students’ feedback in the future 
work. 

 
D. Feedbacks from the cooperative teacher 

The cooperative teacher was responsible for the training 
workshops for oral presentation in week 6, 7, 11 and 13.  She 
pointed that the original 18-week curriculum was interrupted 
by the activities.  Even though the workshops are helpful to 
enhance the civic communication skills for the ethical course, 
too many objectives to reach simultaneous would exhaust the 
learners.  This command coincides with the students’ free 
response in the end of the course. 

 
Overall, compare with the previous semesters in the end of 

the semesters, the questionnaire results of this course are within 
the normal range; however, the failing rate is higher and the 
final grade average is lower than the previous classes. 

Case study/discussion is an important method for students to 
understand the dilemma and critical points in the real life.  
Lectures should be well prepared including the pros and cons of 
the cases.  Especially, how to create the way to make students 
speak out the points, not the instructors talking alone.  In 
addition, create a safe and friendly environment to encourage 
all opinions.  Do not define right or wrong answers based on 
our own moral opinions.  The status of a lectures is there to 
support all students instead of being a strong opinion leader.  
Guide the students to see all the possibilities in a neutral 
position. 

The student homework demonstrate that they are quite 
engaged into the class activities.  Even though, the 21-day 
implementation had proven more troublesome than they 
expected, they began to get used to it and tried to persuade their 
friends and families to do so too. Moreover, they felt good that 
they can contribute to the Earth. 

On the other hand, good students would find benefits after 
the implementation; however, others would feel exhausted and 
complained in the questionnaire.  They would say something 
like the course is useless and took too much time, like the free 
response from the previous semester. 

 
Conclusions and suggestions 

 
This project applied 21-day ethical implementation report to 

enhance the process of moral practice; however, it is not 
obvious to see how the students change their moral level during 
the process.  An interview by a third people would observe 
deeply and closely in the key step of the course. 

Finally, since the cooperative teacher and some students 
report that learners seemed exhausted by the intense activities.  
In addition, they are juniors with heavy loading on other 
subjects.  Is it fair to ask all students to contribute so much to 
learn?  It’s fine for the outstanding students who like to think 
and practice; nevertheless, some slow learners in engineering 
department are not used to philosophical thinking.  Engineers 
are trained to simplify a question and pay less attention to life 
issue.  The goal of engineering is to accomplish a work, not 
much to think globally and eternally; however, what the course 
asks is not just what they are used to do, is it a good idea to have 
all students to pass the course with one standard? Or is the 
standard to pass 21 days’ practice too high?  Is there an 
evaluation to push the student to discover what they are and 
what they should be?  And keep the decision open to the 
students to choose whether they are going to improve.  These 
are questions researchers can work on continuously. 
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Subjects 2 board developers, 2 application developers, 3 
designers 

Scope & 
Content 

1st - The effectiveness of the microcontroller 
board development 
- The microcontroller board primary 
development specifications decision 
- I/O cable selection 
- Bluetooth module selection 

2nd - Application development based on I/O 
operations 
- Communication protocol for the 
microcontroller board and application 
interworking 

 
 
D. The FGI Results 
  The implications of the FGIs are as follows. The development 
of a precoding-type microcontroller for design students could 
solve some of the obstacles caused by difficulties in the coding 
for the application of sensors for students who lacked 
engineering knowledge of I/O. The possibility of improving 
accessibility to the microcontroller board was confirmed, as 
shown in Figure 2. 
 

 
Figure 2. The configuration of the mainboard, input device, 
and output device from the results of the FGIs. 

 
The input and sensor modules of the first prototype based on 
the results of the previous survey and the FGIs were selected as 
two types of limit switches; ultrasonic, electrostatic, tilt 
sensors; and a microphone, as reported in Table 5. The output 
device and the sensor modules were selected as a servomotor, 
DC motor, LED, LED dot matrix, RGB color, and speaker, as 
conveyed in Table 6. 
 
Table 5. The input module specifications. 

1 Limit 
Switch 

A - Sends an electric signal to the mainboard each 
time the button is pressed 

B - Sends an electric signal to the device as soon as it 
is pressed and released 

2 Ultraso
nic 
sensor 

- Detects all objects that reflect ultrasonic waves. 
- Transmits the distance between the end of the sensor 
and the object in meters. 

3 Touch 
sensor 

- Detects the micro-electricity coming from the human 
body and sends it to the mainboard. 

4 Tilt 
sensor 

- Sends the result of the x-axis to the mainboard 
- Sends the result of the y-axis to the mainboard. 

5 MIC - Inputs sound and sends it to the mainboard. 

 
 
Table 6. The output module specifications. 

1 Servo
motor 

- Transfer data area: the angle can be input from 0-180°. 
- Transfer data area: stop time can be input from 0-255 s. 

2 DC 
Motor 

- Transmission data area: forward rotation can input 
0–255 s. Performs forward rotation for this duration. 
- Transfer data area: stop time can be input from 0–255 s. 
- Transfer data area: reverse rotation can be input from 
0–255 s. 

3 LED 
matrix 

- 8 fonts (D7 to D0) and stop time (s) data are output. 

4 LED - One high-brightness LED configuration 
- Even if two or more LEDs are connected, they are 
turned on/off by command. 

5 RGB 
Color 

- One LED with three colors 
- Even if two or more LEDs are connected, they are 
turned on/off by command. 
- When the area item (value of 1 or more, retention time) 
is transmitted, the LED emits light in seconds and 
automatically turns off. 

6 Sound 
Recor
der 

- Send a large value (non-zero value) to the transmit data 
area, including 1 at the master, and the software trigger 
pulls the device to operate. 
- Output the recorded sound. 

 
The setting values of the I/O devices required for the 
application development are summarized in Table 7. The 
setting values of the input devices have the basic setting values 
for the ON/OFF function, the step distance, and the time 
adjustment and the values for the speed control, the number 
setting, and the interlocking time are determined as the setting 
values in the output devices. 
 

Table 7. The I/O device settings. 

Input 
Limit switch A ON/OFF function 
Limit switch B ON/OFF function 
Ultrasonic sensor Distance adjustment 
Electrostatic sensor Detection time adjustment 
Tilt sensor X-axis adjustment / y-axis adjustment 
MIC Recording function / time adjustment 

Output 
Servomotor Angle setting / direction control / speed control 
DC Motor Speed control / Direction control / Time control 
LED Dot Matrix DOT ON/OFF / Time adjustment / Text function 
LED LED number setting / LED designation ON / 

OFF function 
Adjusting the number of flashes / Adjusting the 
flashing speed 

RGB Color Color value adjustment / Time adjustment 
Adjusting the number of flashes / Adjusting the 
flashing speed 

Sound Recorder Volume control 
 
 

The free-coding-type microcontroller prototype 
 

Based on the functional requirements for I/O and control set 
up ascertained through preliminary investigations, a 
free-coding-type microcontroller board and application 
prototypes for control were designed. As shown in Figure 3 and 
Figure 4, the main board is 6.8 cm in length and 6.8 cm in width, 
and the I/O board was made separately. The connector for the 
input and output can be divided into input and output according 
to the situation. For example, it can be composed of one output 

that were repeated: the one-sided delivery of scientific and 
technological knowledge and the interest of the students has 
decreased because of boredom with the theory lessons. In the 
student interviews, there was a strong opinion about increasing 
group interest, and the process of imitating the correct answers 
was regarded as a problem. The major problems with the 
existing design course and three basic design policies were set 
based on these outcomes, the content for which is reported in 
Table 1.  
 
Table 1. The issues and the basic design policy for the study. 
 

Issues Basic Design Policy 
- Subjects with the correct 
answers 
- Learning by imitation 
- A toolkit assembly-oriented 
curriculum 
- Inadequate systematicity toward 
each step 
- Lessons focused on scientific 
principles 
- Lack of a critical mindset 

1. Learning by applying the design 
process. 
 
2. Discovery of perspective based 
on a sympathetic theme for daily 
life. 
 
3. Freedom to express ideas 
through solutions to difficulties. 

 
 

Demand survey 
 

A. An Overview of the Survey 
A survey is a series of processes in which the characteristics of 

interest such as opinions or behaviors cannot be measured by 
creating appropriate questionnaire items to obtain the desired 
information. This means conducting a research study on a 
sample population to describe the phenomenon. In this study, 
the survey design for the students before designing 
microcontroller prototypes was prepared to find their level of 
satisfaction with the mainly used microcontroller boards and 
grasping the necessary functions for microcontroller board 
development in the future. The survey was conducted on 100 
design students attending Kookmin University. The target and 
scope of the survey are reported in Table 2. 

 
Table 2. The survey target and scope. 

Method On-site Survey 
Subjects 100 design students (50 males, 50 females)  

Range - Satisfaction with existing microcontroller boards 
- The need for new microcontroller board development 
- The required sensors and functions for the new 
microcontroller boards 

Time period 2018.03.02–2018.03.15 

 
 
B. The Results of the Survey 

The analysis for the survey findings was conducted on the 
results of each question in terms of mean and standard 
deviation. An attempt was subsequently made to use the results 
of the survey as basic data for the microcontroller board 
development. Table 3 summarizes the results of the satisfaction 
level with existing microcontroller board usage. As a result of 
the questionnaire survey, it was found that the design students 
had difficulty with coding, applying the sensors, using the 

resistance values, controlling the output values, and 
interlocking the adjustment values in the prototyping process. 
In addition, the demand for microcontroller board utilization to 
carry out a working mock-up and related studying was 
confirmed along with the demand for application development 
that can control the I/O values interlocked by using the 
communication module during the prototyping process. In this 
questionnaire, we surveyed 37 input devices and 14 output 
devices to understand the I/O functions required for 
prototyping and academic performance. 

 
Table 3. Satisfaction level with microcontroller boards. 

No. On-site Survey Mean 1SD 
1 Is programming the microcontroller 

board easily accessible? 
2.18 0.82 

2 Is the connection (cable connection) 
between the microcontroller board and 
the sensor easily accessible? 

2.77 0.83 

3 Is the communication module easy to use 
when using the microcontroller board? 

2.79 0.89 

4 Did you understand the principles and 
applications of the sensor when using the 
microcontroller board? 

2.02 0.66 

5 Is the resistance of the microcontroller 
board easy to use? 

2.12 0.82 

6 When using the microcontroller board, 
were the I/O value interlock adjustments 
easily accessible? 

2.6 0.94 

7 Are you satisfied with your current 
microcontroller board? 

2.07 0.79 

8 Do you think it is necessary to develop a 
microcontroller board for the mock-up 
and study? 

4.09 0.71 

9 Do you think it is necessary to develop an 
application for controlling the I/O 
values? 

3.81 0.86 

1 = strongly negative, 2 = negative, 3 = normal, 4 = positive, 5 = strongly 
positive; 1standard deviation 

 
 

C. An Overview of the Focus Group Interviews (FGIs) 
An FGI is a collective in-depth interview technique. As a 

representative survey method for qualitative surveys, 10 or 
fewer people are selected according to certain qualification 
criteria which focus on exploring and understanding their 
in-depth motives, attitudes, values, and desires. For the FGIs in 
this study based on the results of the previous survey, we 
interviewed seven engineers and designers with experience of 
board development and conducted in-depth interviews on the 
development of a new microcontroller board for the student 
designer. This survey was conducted using an interview 
method consisting of questions and answers. The survey scope 
and content are listed in Table 4. 
 
 
 
 
 

Table 4. The survey scope and content. 
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The input and sensor modules of the first prototype based on 
the results of the previous survey and the FGIs were selected as 
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sensors; and a microphone, as reported in Table 5. The output 
device and the sensor modules were selected as a servomotor, 
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sensor 

- Detects all objects that reflect ultrasonic waves. 
- Transmits the distance between the end of the sensor 
and the object in meters. 

3 Touch 
sensor 

- Detects the micro-electricity coming from the human 
body and sends it to the mainboard. 

4 Tilt 
sensor 

- Sends the result of the x-axis to the mainboard 
- Sends the result of the y-axis to the mainboard. 

5 MIC - Inputs sound and sends it to the mainboard. 
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Abstract 

Through the comprehensive analysis of the renewal 
research on the sustainable development of historical blocks 
in the “City Catalyst Theory”, this paper analyzes the current 
situation of the old city facing the renewal and development 
of urban historical blocks. The “City Catalyst Theory” can 
play a positive possibility and a continuous linkage response. 
Through the adjacent and close relationship between the 
catalyst carriers, the whole region can be promoted to be 
sustainable. which finally provides a new way of thinking 
and method guidance for the protection and renewal of urban 
historical blocks. 

 
Keywords:Urban catalysts, historical blocks, linkage 
response. 

1, Foreword 
1.1 Research Background 

With the rapid advancement of urbanization, urban 
renewal and transformation are carried out at an 
unprecedented scale and speed. Historical blocks are a 
valuable legacy left in the historical process of the city. How 
to maintain the core needs of sustainable development has 
become the key problem and urban foucs to urban 
construction. The city's historical districts have many 
excellent cultural heritages that have carried the historical 
changes. At the same time, they are inevitably facing 
conflicts with modern life. There are problems such as traffic 
congestion, public environmental heath sanitation, and 
inadequate public facilities, which cannot satisfy the current 
state of modern lifestyle and city's rapid development. 

 
1.2 Research purposes 
  How to update and renovate? The form, method, and 
strategy to activate are especially important for historical 
blocks that are on the edge of rapid urban renewal. Blind 
construction is not good for the protection and inheritance of 
urban historical blocks, and it is easy to lose the city's own 
characteristics. 
 
1.2.1 The renewel pattern of protection of the historical 
blocks began to change from extensive to progressive. 
  In the process of protection and renewal of our historic 
district, we experienced a large-scale reconstruction from the 
spectral decay folk custom commercial street with a strong 
commercial atmosphere. However, although the protection is 
attached to it, the historical regions exist in isolation and lack 
in Sustainability and integration of protection and continuity 
between cities with rapid development. 

1.2.2 Urban catalyst theory is becoming more and more 
widely used in China. 
  As an effective urban renewal strategy method, “City 
Catalyst” activates the surrounding area through point 
development through small-scale transformation or 
introduction of new elements without changing the physical 
space characteristics. The reaction between the original 
catalyst carrier and the catalyst medium is not simply a 
superposition of the two. The new catalyst carrier formed 
after the reaction has far more influence on the entire block 
than the two. 

2, Literature discussion 
 

2.1 Urban catalyst  
  Urban catalyst refers to each element in the urban 
environment. Because of the certain correlation between 
elements, it will affect or drive other elements to change. 
The book “Urban Urban Architecture – Catalysts for Urban 
Design” first mentions urban catalyst and defines urban 
catalyst as follows: it may be a hotel, a shopping district or a 
transportation hub. According to Wayne Otto and Don 
Logan, these are called catalyst buildings. An independent 
building can affect the entire area and ultimately realize the 
development of the entire city. 
 
2.2 Catalytic effect 
  Catalytic effect refers to the process by which an active 
original catalyst carrier interacts with a catalytic medium. 
Among them, the introduced catalyst medium, like a catalyst, 
can stimulate the original potential vitality of the original 
catalyst carrier. This process is like a calm lake. When a 
speedboat passes by, it will naturally spread in ripples and 
spread gradually, which will affect the surrounding 
environment and require a new balance. Or, like the 
construction of a municipal office building, it will cause the 
appreciation of surrounding land. After the update, different 
types of catalysts can support each other and combine with 
each other. For example, transportation hubs can integrate 
catalyst carriers such as leisure business, business centers, 
and cultural exhibitions. Through a highly functional 
reorganization, it produces more active and powerful 
influences and actions. 
 

3, Research Principles and discussion 
 

3.1.Application Principles of Urban Catalyst Theory in 
Historic Blocks 
  After a long period of change and accumulation, the 
historical block has valuable historical protection value and 
also forms the unique space charm of the urban historical 

and three inputs, or two inputs and two outputs, and the 
connected I/O board was designed to be recognized 
automatically. The sensor board is 4 cm in length and 3 cm in 
width, and it can be configured separately from the main board 
to accommodate various design models. The application for 
I/O control works on an iOS base; the whole process is shown 
in Figure 4. 
 

 
Figure 3. The prototype configuration for the first microcontroller 
board: the mainboard (6.8 x 6.8 cm) and the sensor board (4.0 x 3.0 
cm). 
 

 
Figure 4. The prototype configuration for the first microcontroller 
board: connecting the sensor board to the mainboard. 
 

 
Figure 5. The process of configuring the prototype for the first 
microcontroller board. 

 
 

Conclusions 
 

The purpose of this study was to develop a microcontroller 
board that can be easily used as a basic design prototype for 
students to acquire relevant knowledge. To achieve this, 
existing design-prototyping microcontroller boards were 
surveyed and a questionnaire survey on design students was 

conducted to understand the requirements. A free-coding-type 
microcontroller board prototype was fabricated and validated 
based on the findings. Future research will focus on design 
education based on the prototype to understand any potential 
improvements and extend the I/O function of the 
microcontroller to improve the applicability to cope with 
various designs. Through this study, it is expected that the 
prototype can solve the perceived entry barrier to 
microcontroller board utilization by design students and can 
contribute to the diversification of design education. 
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