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Abstract— In the age of the fourth industrial revolution, major social needs for
indispensable SW (software) education are the CT (computational thinking) training.
However, there is a lack of sympathetic software projects in the CT training for non-
major students, when using a block coding tool like the scratch 3.0. Effective CT
training examples should include the use of abstraction, decomposition, pattern
recognition, and algorithmic thinking techniques, along with adequate structures for
data storage. In this paper, we focused on how to make a model of CT processes to
achieve the goals of SW education. Then, we proposed a CT model and its
educational use-case in the project of developing an OX-type scoring program. The
proposed OX-type scoring program was systematically developed in accordance with
predefined problem-solving steps in the CT model. This proposal can be applied to
various SW education subjects to educate the problem-solving steps using software
and to enhance the understanding of CT processes.
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1. INTRODUCTION

In the SW (software) education, the CT (computational thinking) training is
indispensable. Computational thinking is defined as the ability to solve problems
efficiently based on computing principles. In other words, the excellence of the problem-
solving process is more important than solving the problem itself [1-3]. For this
computational thinking, four key thinking skills are needed: First, the decomposition
ability to crack down is to break up large, complex problems or structures into small
pieces. Second, pattern recognition ability is to find the similarity within each cleaved part
or between cleaved parts. Third, abstraction thinking is about focusing only on the
important information, ignoring the relevant details. Finally, algorithmic thinking is
developing a step-by-step solution to a problem or a rule to follow to solve a problem [1-
3]

Thus, effective CT training projects should include the use of abstraction,
decomposition, pattern recognition, and algorithmic thinking techniques along with
adequate structures for data storage, even in the subjects for non-major students [4-6].
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Non-major students need more examples of effective software projects for the CT
training, from the case of using a block coding tool like the scratch 3.0 [5].
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Fig. 1 SW-making steps using a CT model to solve a problem

In this paper, we defined the five SW-making steps using a CT model to solve a
problem as in Figure 1 [7-10]. Furthermore, whole SW education stages including the SW-
making steps using a CT model executed in this paper are explained in Figure 2. Whole
SW education stages are divided into four parts. The first A stage is ‘Understanding SW-
making steps using a CT model’. The second B stage is ‘Designing problem-solving
algorithms using CT model’. The ‘SW-making steps using a CT model’ are composed of
the five steps in Figure 1. The third stage is ‘Development of a problem-scoring program’.
The fourth stage is ‘Development of own problem-scoring SW by each team’.

Obijectives of this whole SW education course are defined as follows. Firstly, students
understand the SW-making steps using a CT model to solve a problem. Secondly, students
understand that in software development, it is necessary for students to have a high level
of CT thinking ability to store and use data to mathematical operations [10-13]. Thirdly,
the software should be developed to process the given data to produce useful information
[7-13].
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Fig. 2 Composition of whole SW education stages
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In this paper, we focused on making a model of CT processes. And to educate each
problem-solving step with a CT model, we proposed a CT model and a project of
developing an OX-type scoring program in the following Sections. In this project, the
given problem is ‘Let's create a program that automatically scores OX-type problems.’
For the first step, students can analyze the given OX-type scoring problem situations. The
proposed OX-type scoring program was systematically developed in accordance with
predefined problem-solving steps in the CT model. From the second to the fifth SW-
making steps using the proposed CT model are explained from the third Sections.

2. PROPOSED HIERARCHICAL COMPUTATIONAL THINKING
MODEL

In Figure 3, an abstraction thinking model is explained. This model appears in the first
layer problem-solving process. Here, each Pn block must have a function of receiving a
value and outputting it through a judgment process. Knowing the inner functions in the Pn
blocks and designing the first layer problem-solving process, it shows student’s abstraction
thinking ability and problem-decomposition ability.

In the second layer problem-solving process for P1 and P2 blocks, there are Mn blocks.
This Mn block is a function execution block without judgment process. A function
execution block denoted by Mn is defined by collecting Fn codes that perform
corresponding low-level roles in a program. Using Mn functions can reduce duplicate
codes and reuse of already created codes. These Pn blocks are made of Mn function
blocks. Also, while analyzing the Pn blocks, we find and construct Mn function blocks that
are commonly used through pattern recognition.

In Figure 4, these Mn blocks are made of Fn blocks which are the lowest layer
functions. Also, while analyzing the Mn blocks, we find and construct Fn blocks that are
commonly used through pattern recognition. In this order, creating top-level Pn blocks to
bottom-most Fn block groups represents a top-down algorithmic thinking process. We
proposed this computational thinking model and its educational use-case in the task of
developing an OX-type scoring program using the scratch 3.0 [5].

Secand-layer '-"II.":I|'I|'.“I""'E-:I|'-'II"II.'; Steps

F1 start

M2 M3

i I
I ]
) e I
First-layer Problem-Solving Steps : i
i
[
I
: —__ condition 1
I ]
I
I
i
I
]
1
1
i
i
1

Fig. 3 Abstraction thinking model with 1st and 2nd layer problem-solving steps
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Fig. 4 Problem division and pattern recognition model with 3rd and lowest layer
problem-solving steps

3. SW-MAKING STEPS USING A CT MODEL FOR OX-TYPE
SCORING PROGRAM DEVELOPMENT

The second step is researching a problem-solving method. The detailed flow of the
overall scoring program for several OX-type problems is shown in Figure 5. In Figure 5, a
complex and large OX-type scoring main program is divided into three P1, P2, and P3
subprograms to solve small problems. And a large program collects small subprograms to
solve a big problem. In Figure 6, there are three subprograms named as ‘Ask for restart
from the beginning’, ‘OX-type Q&A’, and ‘View OX Overall score’. In the overall OX-
type scoring program shown in Figure 7, one main program and three Pn subprograms are
implemented separately based on the CT model.

The third step is designing algorithms for your computer to run. Algorithm denotes a
detailed description of the procedure for resolving a problem based on a reference value
that any computer recognizes [1-3]. In the fourth step, students create a program and run it.
Students select Scratch 3.0 educational programming language (scratch.mit.edu).
Educational programming languages (EPLS) provide immediate feedback to students’
program results, enabling effective algorithm-making education for non-specialists [5].

In the example of OX-type scoring program, memory spaces to store three OX-type
questions are named as ‘OX-question #1 ~ OX-question #3* variables. Memory space to
store the overall score is named as ‘OX-Overall score’ variable. Score for each question is
stored in a memory list array named as ‘OX-Score list’. To search correct memory location
and find correct score for each question, a variable named as ‘Count’ is used. This
parameter set for the OX-type scoring program is shown in Figure 8. Three Pn
subprograms are explained in the following subsections.
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Fig. 5 Structure of OX-type scoring main program — 1st layer problem-solving steps

@  MyBlocks

Motion
Make a Block

Ask for restart from the beginning

OX-type Q &A . # of Question . Ass

‘@0

w
o
=
2
a

m
<
w
3
i}

View OX Overall score

Q 0
o @ S
o z g
o -]
v 8 =

&
3
w
z
0

k5
g
v

Fig. 6 P1, P2, P3 Subprograms in the main program
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Fig. 7 CT-based Structure of overall OX-type scoring program
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3.1. P1 SUBPROGRAM - ‘OX-TYPE Q&A’

The structure of ‘OX-type Q&A’ subprogram is shown in Figure 9. It reads one of the
three stored OX-type question contents from ‘string 1’ local variable and use it in place.
This subprogram will know the correct answer from ‘string 2’ local variable. If the answer
is available and equal to the ‘string 2°, the assigned score from ‘number 2’ local variable is
stored at the location in the ‘OX-Score list’ that is pointed by the value in ‘number 1 local
variable. If the answer is available and unequal to the ‘string 2°, zero point is stored at the
same location in the ‘OX-Score list’. We can see that there exist several Mn and Fn blocks.

This subprogram takes into account the case where an unavailable answer is received
instead of “Yes’ or ‘No’. As a result of this infinite loop command block, whenever the
unavailable answer case occurs, a guide message appears on the screen and computer waits
an available answer as shown in Figure 10. On the contrary, whenever an available answer
is received, the corresponding point is stored and a ‘Stop this script’ command is executed
to escape the attached infinite loop block.

define OX-lype @ &A shingl ¥#ofQuestion numberl Assigned Score number2 ComreciAnswer  string2

ask sinng! and wait

forever

stingZ  _ibhen

replace item number! of OX-Scorelist v with number2

siop fhis scrpt «
else

£+ "Il Please enter Yes or No for all guestions. B{s ° seconds

ask sinng! and wait

Fig. 9 Structure of ‘OX-type Q&A’ subprogram
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3.2. P2 SUBPROGRAM - ‘VIEW OX OVERALL SCORE’

The structure of ‘View OX Overall score’ subprogram is shown in Figure 11. It reads
the three stored OX-type question scores from OX-Score list, one by one by using the
‘Count’ variable. Whenever it read one score from the OX-Score list, this score value is
added to current value in the ‘OX-Overall score’ variable and stored. After that, each score
is displayed one by one. Finally, ‘OX-Overall score’ value is shown at the screen. We can
also see that there exist some Mn and Fn blocks in this subprogram.

define View OX Overall score

| st OX-OverallScore » fo OX-Overall Score + ilem Count of OX-Scorelist v

-V L U OX Question number join  Count Score is item Count of OX-Scorelist » foreseomds
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Fig. 11 Structure of ‘View OX-Overall score’ subprogram

3.3. P3 SUBPROGRAM - ‘ASK FOR RESTART FROM THE BEGINNING’

The structure of ‘Ask for restart from the beginning’ subprogram is shown in Figure 12.
This subprogram considers the case where an incorrect input, instead of ‘Yes’ or ‘No’, is
entered. When an incorrect input occurs, a guide message appears on the screen and
computer waits an available answer as shown in Figure 12. On the contrary, if an available
input of ‘Yes’ occurs, ‘Stop this script” Fn command is run to escape the infinite loop
block in this subprogram and restart the ‘OX-type Q&A’ subprograms in the main program.

On the other hand, if an available input of ‘No’ occurs, ‘Stop all” command stops the
entire OX-type scoring program. We can also see that there exist some Mn and Fn blocks
in this subprogram. Students check results and correcting errors in their programs as the
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final step. They see the complete OX-type scoring program and understand the CT-based
structure of the program as shown in Figure 7.

define Ask for restart from the beginning

LEIN Please enter Yes or No for all questions. JRGTd o seconds

£ Shall we try again? | and wait
-answer = @ he \

CEAN Thanks for your work. RGOS e seconds

i i

Fig. 12 Structure of ‘Ask for restart from the beginning’ subprogram

3.4. DEVELOPMENT OF SCORING PROGRAM BY EACH TEAM

The final step, required in the whole SW education stages of Figure 2, is composed as
follows. After developing this OX-type scoring program, it is necessary to do Q&A
activity about results. Then, teacher provides experience that will appear when a part of the
OX-type scoring program is modified. And teacher trains the ability to solve similar SW
problems and apply to new SW problems. Teacher provides projects with various
complexity according to the level of learners. Teacher provides an opportunity to complete
a new project, either alone or in groups, from start to finish. If an error occurs, teacher let
the learners solve it by themselves and answers their questions.

4. CONCLUSION

In this paper, a model of CT processes is proposed to achieve the goals of SW education.
Also, as its use-case in the SW education, an OX-type scoring program is developed with
scratch 3.0 for non-major students’ project assignment. However, in implementing with
scratch 3.0 software, if the students are familiar with the function block and usage of each
command block, the project will proceed easily. Otherwise, students cannot understand
easily the difference between their algorithms and the implemented real programs.
Students can understand how to use control blocks such as iterations, conditions and logic
operations, through this SW development class. Furthermore, this proposal can be applied
in various SW education classes to teach the problem-solving and SW-making steps using
the CT model.
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