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A Study of Logical Operations in Programming Education Based on
Elementary Students’ Scratch Programming Tasks

IIKyu Yoon' JongHye Kim'' WonGyu Lee'™

There are researches on programming education which are related to proportional reasoning and controlling
varisbles. However, a majority of such rescarches uses general logical thinking test, such as GALT(Group
Assessment of Logical Thinking) for cvaluation. In this paper, we have analyzed dents’ Scratch prog
tasks after programming education, which have joined our Creative-l cs camp cl As a result of
analysis, a use of blocks related to proportional reasoning and controlling variables increased step by step that
programming ed were prog d. Also, We found that students used more proportional reasoning related
blocks than controlling varisbles related blocks in animation tasks and more controlling variables related blocks
than proportional reasoning related blocks in game tasks. In this research, we suggested that animation task be
prior to game task when designing programming education to enhance logical thinking ability of students in
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concrete operation period.

1. Introduction

There have been many studies that the programming
leaming could improve the problem-solving ability and
logical-thinking ability[1],[2,{3]). In pasticular, there have
been many studies that many students in a concrete
operational period were apt to improve the logical thinking
ability[4][5]. Kang(2004) suggested that there be meaningful
relationship between findamental programming education
for elementary school students and logical thinking[4).
Kim(2007) suggested that programming education be
effective to understand abstract and logical concepts for
student in a concrete operation period{5].

. In 2005, the 'Guideline for ICT(Information and
Communications Technology) Training revised the
programming leamning from Grade 3 in concrete operational
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period in Korea[6]. However, using general programming
languages in classes and educating students to become
experts on that language require too much time and it is
unaffordable for them. To decrease the burden, educational
programming languages which adapt to K- 12 cognitive level
and leaming ability have been proven to be useful.
Representatives of such languages include ‘Dolittef7)’,
‘Scra!ch[S]’ ‘Squeak{9]’.

There are many researches on programming education
which is related to logical thinking. Although there were
studies that programming leaming was associated with the
logical thinking ability, only few of them approach the
relationship between programming leaming and logical
thinking ability in detail. Unfortunately there are researches
on programming education which is related to some of
subordinate concepts of logical thinking{10][11].
Choi(1994) has examined effect of programming education
and experiential education over logical thinking ability. He
performed pre-test and post-test to investigate the effect
using TOLT(Test of Logical Thinking) A, B. His conclusion
was that the programming education is more effective to
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increase logical thinking and that have a influence on
controlling variables and proportional reasoning[10].
Y00(2007) has examined effect of ‘Dolittle’ programming
tasks over logical thinking ability. He used GALT as pre-test
and post-test to investigate the effect. His conclusion was
that the subordinate concepts most influenced by the
programming education was controlling variables and the
second was proportional reasoning[11].

Likewise according to these researches, we may conclude
that proportion reasoning and controlling variables, the
subordinate concepts of logical thinking, can be improved
through programming education. Most of those studies have
used a GALT(Group Assessment of Logical Thinking){12]
test or a general logical thinking test to measure logical
thinking ability[1],{4],[11] However, whether these standard
logical thinking tests such as GALT can measure logical
thinking ability used in programming or not might be
questionable. Although correlation between GALT score
and logical thinking ability in general seems to be reliable,
there might be cognitive interference from prior knowledge
(due to the fact that problem materials are based on science
and mathematics), which can make the test unsuitable to
measure logical thinking ability required in programming
tasks.

Therefore, this study examined whether students in
concrete operational period could develop their proportional
reasoning and controlling variables in step by step during
programming leaming with Scratch.

2. A Subordinate Concept of Logical
Thinking Ability Related to Programming
Education

According to the Piagetian theory, elementary school
students(year 8~13) belong to post-concrete operation period
and to pre-formal operation period. Also, children from year
7 to 12 belong to concrete operation period and they are in
the 1" to the 5° grade in Korea. Raven(1973) suggested that
the logical operation growths in this concrete operation
period be conservation, classification and seriation[14].

® Conservation : reasoning based on that volumes (ex.
of liquid) do not change even if their shapes (ex. beakers)
change.

® Classification : reasoning that can classify of
something based on character.

@ Seriation ; reasoning that can analyze the fundamental
relationship of particular series and guess what comes next.

According to the Piagetian theory, children over 12
belong to formal operation period and they are in the Sth
grade in elementary school in Korea. Moreover, children
that belong to formal operation are wpable of whole kind of
logical operation[14].

@ Proportional reasoning : reasoning based on that
something (ex. weight of liquid) is proportional to other
thing (ex. volume of liquid).

® Controlling variables : reasoning based on that some
specific variables (controlling variables) determine the
outcome

3. Operational definition and analysis
criteria of operation blocks in scratch

3.1 Operationzl definition of utilizing blocks related
to proportional reasoning

Students operate the blocks that specify the amount of
spritt movement by a number and the movement is
proportional to the specified number. Therefore, when
students are comfortable with these kinds of blocks, they are
supposed to acquire proportional reasoning. In this study, we
classify the block categories containing logical operation
concept related to proportional reasoning into motion, looks,
and sound category. Also, the operational definition and
criteria of student's task analysis are as following.

Table 1 The operational definition and criteria of student's
task analysis

Operational

. Scratch
block
categories

definition of
utilizing blocks
containing logical

operation concepts

Criteria for
analysis of
student's task

Motion

Operation  blocks
containing number
value to move the
sprite or to specify
pasition.

+ Using motion
blocks containing
number value
input by student to
move the sprite or
to specify
position?

Operation  blocks
containing number
velue to change the
sprite  looks or
color.

* Using looks
blocks containing
number value
input by student to
change the sprite
looks or color?

Sound

Operation  blocks
containing number
value to change the
music or sound.

* Using looks
blocks containing
number value
input by student to
change the music
or specific sound?

32 Operational definition of utilizing blocks related
to controlling variables

In scratch programming, controlling variables can change
the outcome overall and it is the essential concept in the
analysis of mutual relationship between students’ own
program and execution. In this study, we classified the block
categories containing logical operation concepts related to
controlling variables into control, sensing, and variables.
Also, the operational definition and criteria of student's task
analysis are as following.
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Fig 1 Changes of percentage of block uses related to
proportional reasoning

Secondly, among the 8 categories above, control, sensing,
and variables blocks include controlling variables concept
As a result of analysis of Scratch task, the numbers of
control, sensing, and variables blocks used in every class
were as follows.

Table 5 Change of using blocks related to controlling

variagbles

Class F 2 3 14 5 | Totd
Control 151 | 260 | 209 | 393 | 349 | 1,362
Sensing - - | 57T |7 |73 201
Variables - - |31 |- 35 66
Controlling

variables 151 | 260 | 297 | 464 | 457
related blocks
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Fig. 2 Changes of percentage of block uses related to
controlling variables

52 Changes of operation blocks in subject

We analyze programming education separating into two
subjects, a producing animation task and a game task. As a
result of our analysis, there were differences in uses between
proportional reasoning related blocks and controlling
variables blocks along with their subject characteristics and
the results were as follows.

Firstly, the animation task was done in the classes 1 to 2.
Also the analysis of operation blocks according to the
animation task was as follows.

Table 6 Analysis results of operation blocks in the

As shown in Table 5, the category ‘control’ of operation
blocks was used more frequently than any other controlling
variables related blocks in the whole classes. Also, it was the
game task, ‘Mario’ that controlling variables related blocks
were used the most. The analysis of the frequency of each
block related to controlling varisbles is as follows. Firstly,
the category ‘control’ block was used most frequently in the
game task, 'Mario. Secondly, the ‘sensing’ and the
‘variables’ block categories were used most frequently in
game task, ‘Hunting Fish',

Fig. 2 shows the change of percentage of block uses
according to analysis criteria related to controlling variables.

We exclude the category “variables’ block from Fig 2
because the use of category ‘variables’ block is so biased
according to the characteristics of tasks. As shown in Fig. 2,
the percentage of use of controlling variables related block
was increased over all. In particular, the percentage of it was
raised during the producing classes between 1 and 2, and the
percentage of it was raised rapidly during the game
producing classes between 3 and 5.

animation task
B | Class1 | Class2 |Total
Motion 24 121
Proportional | 1 0 165 28 |15
reasoning
Sound 11 186
Control 151 260
Controlling ; 0
iables Sensing 0 109
Variables 0 0

As animation tasks proceeded, the percentage of use of
operation blocks was raised over all except sensing and
variables blocks categories. Students were educated in the
first class about the whole categories of blocks including
sensing and variables categories but they did not use those
blocks. They felt difficulty to use sensing and variables
block categories in the animation task classes. Also,
students’ use of control block categories leaned to the
broadcast operation blocks. As a result, we found that until
the second class, students could not understand clearly how
to control a program using the blocks related to controlling
variables.
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Secondly, the game task was done in the classes 3 to 5.
Also the analysis of operation blocks according to the game
task was as follows

Table7 Analysis results of operation biocks in the game task

' " {Class 3| Class 4| Class 5 | Total.

Motion | 97 96 225

Proportional
ing Loock 40 125 | 176 | 410
Sound 15 2 9

Control | 209 | 393 | 349
Controlling :

variables Sensing | 57 71 (E 457

Variables | 31 0 35

As an animation task proceeded, the percentage of use of
operation blocks was raised over all except the sound block
category. In particular, students were using controlling
variables related blocks more than proportional reasoning
related blocks in the game task. Also, students used the
sensing and the variables block categories more easily
which were never used in the classes 1 to 2. Moreover, the
results of Scretch task analysis say that students used
control category blocks in free and various ways. We found
that students’ controlling variables abilities were developed
after their proportional reasoning abilities were developed.
This is strongly related to the theory that children in
pre-formal operation period can perform proportional
reasoning and children in post-formal operation period can
perform controlling variables [14).
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Fig 4 Example of game task
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6. Conclusion

In this research, we have examined how the children in
the concrete operation period can be connected to the
proportional reasoning and controlling variables which
belong to the formal operation period using the
programming education. In the process of this study, the
following facts were found.

Firstly, the use of blocks related to proportional reasoning
and controlling varisbles was raised over all as the
programming education proceeded. According to the result
of our analysis, we found that students in the concrete
operation period could perform proportional reasoning and
controlling variables which are of logical operations only
possible in the formal operation period by the programming
education. The looks category of operation blocks was used
more frequently than any other proportional reasoning
related blocks in the whole classes. Also, the control
category of operation blocks was used more frequently than
any other controlling variables related blocks in the whole
classes.

Secondly, the programming education proceeded from the
producing animation tasks to the producing game tasks. As a
result of the task analysis, there were differences in uses
between the proportional reasoning related blocks and the
controlling variables blocks by subject characteristic. We
found that students used more proportional reasoning related
blocks than the controlling variables related blocks in the
animation tasks. On the contrary, they used more controlling
variables related blocks than proportional reasoning related
blocks in the game tasks. This result is related to the theory
that children in pre-formal operation period can perform
proportional reasoning and children in post-formal operation
period can perform controlling varizables [14]. Therefore, we
suggested that an animation task be more effective to
develop the students proportional reasoning by
programming education. Also, a game task is more effective
to develop the students controlling variables by
programming education.

According to this research, following statements should be
considered. Proportional reasoning related education is prior
to controlling varigbles related education in programming
education for concrete operation period students. Also,
proportional reasoning can be developed through animation
tasks while controlling variables can be develop through
game tasks, Therefore, animation tasks are prior to game
tasks to design a programming education for the students in
a concrete operation period.

It is difficult to say clearly that students can perform
proportional reasoning and controlling variables related
thinking because the number of participants of this research
was too small. However, we could find clearly that students
could use proportional reasoning related blocks naturally
through the Scratch programming. We also found that the
Scratch programming helped students to control a operation
as they want by controlling variables related blocks.

Further direction of this rescarch will be to analyze the
understanding rate of logical operation concepts of students
both with and without Scratch programming experiences.
Moreover, not the simple block count, but the thorough
analyses of students-developed programs are in order.
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