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Development and application of a physical computing program
applying design thinking to improve the creativity and
computational thinking ability: Focusing on Microbit

Youngho Seo - Gwanmin Kim - Jonghoon KimWoong

Jeju National University

Abstract

This study attempted to develop and apply a physical computing SW education program applying design
thinking. The produced SW education program was applied to 22 students in the 5th and 6th grades of ] and B
elementary schools located in Jeju-si. Computational thinking ability and creativity pre-test was conducted, and
Physical computing software training applied design thinking was conducted over a total of 5 sessions for 20
hours, followed by a post-test on creativity and computational thinking ability. As a result of the verification, it
was found that physical computing SW education program applying design thinking was effective in improving
the creativity and computing thinking ability of elementary school students.
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(Fig. 1) Design thinking process
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<Table 1> Step-by-step strategy for computer thinking education

Learning strategy
Learning basic functions of programming and how
to use them
Set goals, learn ideas, visualize them, write a
project plan
Visualize ideas, express actions in detail, and
complete program scenarios
Developing block programming for each object,
trying various programming to get results,
recording the development process, testing the
user
Share projects online to share, evaluate your own
learning process, share presentations and follow
up ideas

Step

Learn

Ideate

Design

Make

Share
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<Table 2> Educational Program Development Plan

e Analysis of teachers

® Pre-requirement analysis (survey
targeting software education teachers)

® Pre—test: Computational thinking
test(Computational cognition test A
Style), Creativity(TTCT Figure A Style)

e Goal set up and tool selection
Development of Design thinking

education program

® education program using Micro:bit

Analysis

Design

® Teaching/learning plan (20 hour-lessons)
e Student textbooks (20 hour-lessons)

thinking

Developm
ent

e [mplementation of Design
education(20 hours)

e Post-test: Computational  thinking
test(Computational cognition test B
Style), Creativity(TTCT Figure B Style)

Implement

Evaluation
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<Table 3> Interest in Design Thinking

uninterested
11(26.8%)

intertested
21(51.2%)

be average
9(22%)
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<Table 4> Neoessity of software education applying design thinking

Necessity Response
Very needed 13(31.7%)
Somewhat needed 19(46.3%)
Neutral 8(19.5%)
Somewhat unneeded 1(2.4%)
Very unneeded 0(0%)




<Table 5> Method of software education applying design
thinking(Multiple responses)

Method Response
physical computing 24(58.5%)
Educational Programming Language 19(46.3%)
unpluged 18(43.9%)

Text-based Programming Language 4(9.8%)
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<Table 6> The Theme of Education Program

Hour Learning Theme

¢ Orientation

1~2 | e Learning Physical Computing

e [earning Micro:bit basic sensor functions

o [earning Microbit inner sensor(Button,

3~4 | Accelerometer) and LED, using Design
Thinking Process

e Learning Microhit add sensor(Ultrasonic

5~6 | Sensor) and Actuator(Buzzer, OLED), using
Design Thinking Process

e earning Microbit add sensor(PIR Sensor) and

7~8 | Actuator(Servo), using Design Thinking
Process

o Learning Micro:bit add sensor(Soil Moisture

9~10| Sensor) and Actuator(Buzzer, LED), using
Design Thinking Process

¢ Learning Micro:bit add sensor(Potentiometer)
and Actuator(DC Motor), using Design
Thinking Process

13~16| ® Solve problems, using Design Thinking

17~20/® Solve problems, using Design
Thinking (modification)

11~12
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<Table 7> gender of the subject

Male Female Total
15 7 22
43 47 =3
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<Table 8> Experimental design
Pre-test Treatment Post-test
G 01, 02 X 03, 04

G: Experimental group(N = 17)

Ol: Creativity test(Figure A style)

02: Computational cognition test(A style)

03: Creativity test(Figure B style)

04: Computational cognition test(B style)

X: Physical computing SW education program applying
Design Thinking
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<Table 9> Creativity(Paired T-test)

Pre-Test Post-Test
Subscales | N t p
M SD M SD
CI 22 | 81527 118914 | H4.200 | 20601 | -349 | .00+
CA 22 1 79573 |17382| 91.564 | 18175 | -3563 | .02+
Fluency | 22 |103182|22443| 11445 | 20697 | -2.701 | .013+
Originality | 22 | 89956 | 19421 | 100818 | 20.330 | 2035 | .0%6
Abstractness| 22 | 51.636 | 4464 | 73391 | 39.137 | -2.845 | 010«
Elaboration | 22 {11045 |24.309| 1164% | 18094 | -2.127 | .04
Resistance | 22 | 42636 | 3.318| 52500 | 36.166 | -1.633| .117

#p<.05
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<Table 10> Computational Thinking(Paired T-test)

Pre-Test Post-Test
Subscales | N N D N D t p

CT 22/12.091 | 4.450 | 13.636 | 3.388 | =3.205.004*

*p<.05
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(Fig. 4) Empathize activity
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