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Abstract In order to cultivate talented people who have problem solving ability due to computational
thinking according to the trend of the fourth industrial revolution, each university is actively promoting
software education. This study suggests that understanding—oriented SW curriculum is needed for
non—majors students to improve computational thinking. In order to achieve the purpose of the study,
this study designed the basic education program based on the understanding of the SW with the
backward design model. The SW Basic Education Program was applied to 15 weeks of instruction and
conducted three surveys. The positive effects of the understanding—oriented SW basic education on the
computational thinking efficacy and the computer perception were verified. In addition, it was found
that the understanding—oriented computational thinking and programming education are effective
when they are linked to one process. It is expected that understanding—based SW based education,
which uses the backward design model, can be applied as one of the efficient ways to improve
computational thinking in the education field.
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Table 1. Backward Design Stage
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Table 2. Respondent characteristics
experiencg in Gender
programming
College - count
Experi count Male Female
ence
no 14
Humanities 4 20 24
have 10
have 0
Science 3 2 5
no 5
. hav 22
Social e 23 21 44
Sciences no 29
have 0
Engineering 1 1 2
no 2
have 0
Arts 4 0 4
no 4
Sum 35 44 79
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Table 3. SW basic education development process

computational Thinking —Research Papers
Preparation Analysis
Select the final survey item

—Computational Thinking Education based
on the Backward Design
—Choosing Teaching & Learning Method

Program
development

Before 15T survey
TWeeks class activity (Unplugged
) o Learning)
Apply &
Evaluation Middle 25T survey
7TWeeks class programming education
After 35T survey
Results analysis Verifying the Effectiveness
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2 Parallelism Solving . Practice
Problems with
R R 9 L Team
3 simulation Sequential in Activi
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5] Problem decomposition
6 automation Solving Practice
. Problems with
7 algorithm 10 selection in Team
T Activity .
8 Data collection Everyday Algorithm
— - - Problems design & App
\Whether it is possible to solve a problem by a computational rogrammin Inventor
9 inki Solvin prog
thinking - s o
Problems with Practice
10 |Recognize the necessity degree of computational thinking 11 Loops in Team
11 Interest degree of computational thinking Everyday Activity
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12 The degree of relevance between computational thinking and 4
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Activity
Practice
3 =Alo = 9 Z=0] A 13 d v/]%m;n nt Team
3.4 ol Ao SW7xuS =G4 evelopme Activity
sz 5 o 5 5 e = Presenta
AT PES AT TP WS 2 S 4 o
_ N 1 .
BR2E G2, TREER] ¥ SEE(PBL)IE AHEH presentation & After
oh T2 EEY 2 SEEE e BS B85l
o} F PelE|R T2 12y s g A5k, vpA ke
shabEo] AFGAILE Bedt ol FEE Ho] A

=
2 Ak e o R WHE A9 oe]tlo]g QlelulE %
A5 TS o122 45T A

Table 5¢F #vH[11-13].

Table 5. Syllabus
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Week Content n method Elements Activity
Lecture
Processes of Processes of
1 Problem. Solvin Lecture Problem Before
. 3 Team Solving survey
Activity
Problem
Problem—solving Lecture analysis Find and
=8 Procedures and Team Problem analyze
Expressions Activity decompositi
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ognition Idea
Lecture design
4-5 Abstraction Team
Activity Repfese
. nting
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Table 6. Backward Design Stage 2 : Abstraction

Abstract : Desired Results

Set goals
It solves the problem by eliminating unnecessary elements and
reducing the complexity of the problem and extracting key elements.
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Data abstraction removes unnecessary elements for purp

extracts meaningful elements.

Identify the relationships among the functions, eliminate

unnecessary elements for the purpose, and extract key fu

elements.

Remove the unnecessary elements in the story and write th

with the necessary elements.

Transition

T1.Students can express themselves as essential elements without

unnecessary elements in various problem situations.

T2. Students can prototype with the features and elements that are

essential to their ideas.

Underst
and A story i
i _[Reflection|
how tol i Identify |presentati
) identify | on the
Explain |analyze the entire{on based
the story| process
the story story and| on story
structure ~ | of story
concept [abstract] select thejabstractio i
Story i and i abstractio
and ion abstractio| n
abstract _|focus on n
features |accordi n regardles i
the core i focusing
of story | ng to strategies| s of the
contents i on core
abstract | type needed |technique
contents
and for the | of story
P . and
structur| situation |abstractio
events
e n

Understandings
A Self
Core  [Explanatio| Translat|
apply | aspect |sympathy knowledg
Concepts n e
e
Select Listen to
Descriptiofldentify] and examples
n of data] data |express |Select the| of
) Reflect
abstractiofabstract| data data |abstracts
X . i i on data
n and |ion by |abstractijabstractio| without .
Data . . . |abstractio
characteri| data on |n needed| thinking
abstract i n process|
stics of | type | method | for the |about the
. by data
data and |accordin| problem |type and \
. . . ype
abstractio|structur|g to data| situation |structure
n by data e type of the
type data
Identify
the
analysis| Select
Explain |method| and .
Find and
the S express [Select the|
i i . express
concept |accordi| function| function Reflect
cases
X and ng to |abstractijabstractio on
Function represent B
features | the on |n needed function
abstract ed by .
of type | method | for the ) abstractio
. i functional
functional| and |accordin| problem . |n process|
. .. |abstractio|
abstractio|structur] g to | situation
ns
n e of |relation
function| type
al
abstract|
ion

Essential Questions

Explanation How do you create an abstract
How can the relationship between the real
Translate
world and abstract be expressed?
How do you make an abstract in the real
Apply
world?
How does the abstract change according
Aspect

to purpose?

Self knowledge

problem?

How can I make an abstract to solve the

Sympathy

why is it used?

What is the abstract used around me and

Knowledge

Function

Abstraction  concept

abstraction process

Concept of data abstraction

Data abstraction technique

Relationship between data | and comparison with
abstraction and functional | prototype tools.

abstraction —Applying abstraction
Functional abstraction | techniques: Setting up inquiry

concepts and processes

Concept and process of story

abstraction

and

—Selecting

—Analyzing:

measuring,

—Abstraction

Observing,
recording,
analyzing data
design:
Expression using writing tools

topics and exploring data
and Evaluating
Abstraction: Summarizing and

Evaluating Inquiry Results




Table 7. Backward Design Stage 2—Algorithm

Knowledge Function

Computer algorithm(2) : Desired Results

Set goals

Develop the ability to list and arrange procedures for problem solving
in an orderly fashion.

Design algorithms using sequential, selective, and

repeating structures.

Transition
T1. Design a logical procedure for implementing your ideas in SW
T2. Logically design the process of handling work in various situations.

Understandings

Core |Explanati - , 1 Self
ranslate| apply | aspect thy
i knowledge

Concepts on

Compare
and
contrast

i differenc
Identify

Describe|  the

es
Find and|Reflect the

. : between
. |the types| various | Find a ) express [problem—so
Basic i basic i i
i of structure| logical the basic| lving
logical ) structure
procedur|s in the |structure structure| process
structure I . |s such as
es to | process [in a given .| of the [through the
sequential

solve thelof solving| problem algorithm|  basic

L

selection,

problem the shown in| structure

problem the idea

iteration,
and
recursion|

Concepts and Representations | —Analyze: Observe, measure,
of Algorithms record

Concept and principle of basic | —Algorithm Design: Flowchart
structure of algorithm of comparison, comparison,

Basic algorithm types and sequence and procedure

principles —Algorithm Implementation:
Understand the characteristics
of the algorithm and create
and run a flowchart
—Algorithm Implementation:
Write flowcharts of each
algorithm
—Evaluation of algorithm
execution result
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Table 8. Week 1 ~ 7 Student Activities

Essential Questions

Explanation What algorithms are used to solve the problem?

How does the problem—solving process relate to
Translate . .

the various algorithms and structures?

How can we design a logical process for
Apply L

problem solving in the real world?

How does the algorithm change depending on
Aspect .

the state and condition of the data?
Self How can I design algorithms to find solutions in
knowledge a number of problem situations?

What algorithms are used around me and why
Sympathy

are they used?

Learning Outcomes
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Table 9—1. programming education—Student Activities

Learning Outcome

MP3PLAYER

Sequential AU gobAlEl]

Table 9—2. programming education—Student Activities

Learning Outcome

when Initilize

o) s LI [EEEEE o N

Final product

set GELEESEIE . GEEVE b | 0 jon

o | all EEEERD Hideteybord
all (T Panto
lafitude | call GERELSTIED (attudefromAddes:

lecationame | EETE. B8
ogitude | call EERLIED LovgtudeFomAddress
locationName | GEFERR. (5
Z0m
all (T Settocation
latitude | call GRESRRISENED latindeFiomAddress
locationName | (E2ET-E0E
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Table 10. Reliability and Validity Testing tools

Factor Cronbach

CT—Awareness a

Number CT-Self

1 1926 221 1965

2 915 165
3 .897 199
4 .882 170
5 841 243
6 .831 .386
7 .830 176
8 .780 361
9 736 317
10 .249 1908
11 101 .894 .848
12 531 .666
Eigenvalue 8.067 1.484
KMO& Bartlett Test
Kaiser—Meyer—Olkin measure. 919
chi—square 984.615
Bartlett sphericity test : éf 66
&gmﬁcgr}ce 000
probability
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Table 11. Analysis of difference before and after basic

education
Std P—value
Factor Mean | N SP Error U (two—sided)
CT Before 4.34 79 1.35 152 2008 048
—Self After 4.70 79 1.02 114 ’ '
CT—Awa Before 4.09 79 1.50 .169
—2091  .040
reness After 4.54 79 1.20 135
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Table 12. Activity—based class Before and After
Statistics

Factor Mean _ N SD__Std. Error_Coef P—value
CT  Before 4.343 79  1.358 .1528
—Self  After 4.346 79  1.029 .1158
CT—Awa Before 4.097 79  1.509 .1698
reness After 4.151 79 1.252 1409
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Table 13. Analysis of Difference Between Activity —Based
Computational Thinking Education

Std P—value
Factor ~ Mean SD Error t df (two—sided)
cr .003 1.82 .20 —-.016 78 987
—Self
B 054 2.22 25 —.219 78 827
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Table 14. Analysis of difference before and after
programming education

Std. P—value
Factor Mean | N sb Error b |two-sided)
CT—Awa Before 4.151 | 79 |1.252| .1409 |
reness After 4557 | 79 |L210| 1362 | 20| 0%
5
op_sq Betore 4346 | 79 [1.020] ates | [

After  4.711 79 |1.037| .1167
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