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Abstract

This study examines the influence of robot-based learning on both male and female
elementary school students’ creativity. For this purpose, we applied robot-based_leapi
to the official Republic of Korean general education course curriculum, com of
mathematics, social studies, science and art. A creativity test was conductéd , both
pre and post robot-based learning. The results indica“;@t robot-h learning

increases students’ creativity effectively. Furthermore ativity ents in the
middle and upper grades showed distinct mproverﬂ\ co i with that of
students in lower grades, regardless of gender Th‘ of th reseafch are significant
because the study investigates the potential f ots to\% ed as a source of
educational media and possibilities for the mlnatlo robot-based learning on
elementary school student creativity in a re@ucaﬂo
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1. Introduction A G,)
Recently, there has been an Tricreasing~ st in teaching methods that are not only

fun but also effective learning. to the interest in and the availability of
technologies that fp tivity, gobot®hased learning has been actively adopted as a
next-generation te? metho 2000 [1]

Robot-based JEaxring inclu ses where students assemble robots by themselves
or carry o Jramming 0 s0. In such courses, students naturally learn to search or
solve the g e help of a robot [2]. When there are difficulties in solving
the given assignme nts are encouraged to naturally collaborate with their fellow

classmates [3]

Learning be@ith an authentic task given to students via a robot. That is, the
students experience tasks similar to problematic daily life situations. By resolving such
problems%bnts can learn various skills required in the Constructionism Era [4].

Previ search shows that robot-based learning is effective for the development of
adv. hinking skills such as problem solving [2], social interactions [5-6], and

[7-8]. However, most of the previous research related to robotics in education is

iptive in nature, based on reports of teachers attaining positive outputs with

individual initiatives [9-11]. Furthermore, many studies on robot-based learning took

place at irregular times, such as during afterschool classes, independent learning courses,

or were conducted on a limited and specific subject such as mathematics or sciences

[2,5,12-13]. Hence, limitations exist in examining the possibilities of robot-based learning
on students in regular education courses and in the choice of subjects.

Accordingly, this research examines how student creativity changes when robot-based
learning is applied to general elementary school courses such as mathematics, social
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studies, science and art. Following this, the study obtained objective results based on a
student survey.

2. Research Subject

We checked whether there were changes in creativity before and after the robot-based
classes using the following questions as a basis for analysis.

How does the learner's creativity change from its state before and after robot-based
class?

(1) Is there a difference in creativity between pre- and post-inspection score?

(2) Is there a difference in creativity between pre- and post-inspection score according
to gender (boys, girls)?

(3) Is there a difference in the degree of creativity change between pre- an St
inspection score in boys according to grade levels (low, middle, upper)?

(4) Is there a difference in the degree of creativity change between ® post-
inspection score in girls according to grade levels (lo mlddl%

3. Related Research

3.1. Educational Robots and Robot-Based Lear@

An ‘educational robot’ is a generic ter flnes forms of robots that are
utilized in educational practices for the p of teachl nd learning. There exists no

discernible objective definition for e nal r ut in most studies, educational
robots are meant to indicate ‘asse pe r I e Lego. The term implies that
students can learn aspects of t re and h e by personally handling the robot.
Related studies on assembly@ ots im tlon have mainly focused on supporting
the teaching of subjects that

clo% ed to the robotics field, such as robot

programming [5].
In contrast, in Qn in parti
> are generally based on diverse contents that drive

type. “Teacher aSQ'\n type r
technology, loc oving t y, and voice or video recognition technology [14-
15]. They t an port teaching and learning in education. For example,
PEBBLES |d|ng ion by Bringing Learning Environments to Students)
developed in Canad d for teachers and students engaged in distance learning to
achieve the same g face-to-face learning through remote education [15].

{

cula?, educational robots are the teacher assistance

To mention r strand, this study mainly applies various types of assembly robots
developed i ea to examine the changes in student creativity depending on robot-
based Iea?h&. Robot-based education that utilizes such robots has meaning for robotics
asa Iea@; ool [16]. In other words, robot-based education is not merely about teaching
stud out robots themselves, but is considered an experiential activity for effectively

g educational goals of a specific curriculum or cross-curricular goals in the

ar school curriculum, and has been applied to various areas such as making simple

robot shapes, incorporating robots as a resource for storytelling, decorating them, creating
special movements, and utilizing them as experimental tools.

In the case of relevant studies, Bers (2002) made a rotor using a Lego robot to improve
the technological literacy and design ability of children in lower elementary school
grades, and by attaching pictures related to the life cycle of insects on the rotor and
repetitively and continuously turning it, Bers enabled them to learn about the concept of
the life cycle of insects in a natural manner [17]. That is, the robot’s continuous
movement was effective in acquiring a scientific concept, and even students who were not
good at assembling and programming the robot took an active role in the design process.
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Beerendsen (2009) paid attention to the belief that individuals, who are not musically
inclined, struggle to have fun creating music, and prepared a class using a robot. Through
robot-based learning, students were provided with an opportunity to pleasantly enjoy
various music genres even though they lacked musical knowledge or innate ability [18].

Roberto (2010) conducted a storytelling activity using Lego: students were asked to
imagine a robot they wanted to make in the introduction without physical limitations.
After that, a robot was selected, assembled, and programmed; a story and an environment
were created using the robot; and finally, a presentation was made. The researcher
observed interactions between learners during this process.

In this way, robot-based education has proven helpful for students to have a positive
learning experience in math, music and science and to acquire robot-related functions.
This study focuses on the results of preceding studies and inquires into educational
effectiveness and the applicability of robot-based learning in the regular curriculum. For
this purpose, robot-based learning was applied to general courses including Koreangmath,e
social studies, science, art, music, practical courses, ethics, and physical edu onN\In
short, this study is subject-oriented and cross-curricular.

3.2. Creativity and Robot-Based Learning % %

Creativity is “a skill that figures out a creative so \f ra ” [20], while
Gardner (1993) defines a highly creative person ag son w a problem, even
if it is unfamiliar at first, with the method that knowl n the end, designs

products, and defines new questions in a speci eld” [21]
The elements comprising creativity ar@ e for é cholar; Guildford (1967)

divides human thoughts into convergert dlverg hihking and considers that the
elements comprising creativity con5| usce fluency, flexibility, originality,
elaboration, and reconstitution orran 2) considers that the elements
comprising creativity consis uency lexibility, originality, imagination, and
elaboration [23]. Jeon (20 ivides cr mto fluency, originality, openness, and
sensitivity [24].

The elements of crea , as ex under a classification established by Jeon

ability related to nda eas that can offer as many ideas or solutions as

(2008) [24], are a80f 0 FluenciI one of the elements of creativity, is a quantitative
possible in a i tuatlo |n lity is an ability to produce rare, novel, and unique

ideas or sofutiops*that aref@¥fferentiated from conventional ways of thinking. Openness
refers to an“epén state ency where human’s attitude, thinking and experience and
etc. freely go in a of space and time without being tied down to conventional
thinking, exchangi d inquiring into new possibilities. Sensitivity means sensitively
showing intere&rious kinds of information obtained from surroundings through five
senses, e ding into and exploring new areas through it.
Meanwhilg=the purpose of incorporating robots into education is to encourage unique
ideas gination, and to teach students to tap into what they are thinking in order to
as and creative vitality to manifest. With regard to this, Bers (2009) conducted a
% on robot creative activity and creativity development where learners engage in
crédtive activities based on what they have imagined and what they want for themselves.
Bers (2009) states that students construct new ideas through repeatedly sharing thoughts
with other people and reflecting on them. On top of that, Bers (2009) suggests an actual
situation, in which an animal, like a squirrel, messes up a tulip garden, to students in
lower elementary grades, and gives them the task of designing, assembling and
programming a robot dinosaur and allocating it to the garden as a creative solution. As a
result, the students were not proficient in Lego assembly and the abstract activities of
programming, but took an active part in the design activity [17]. In other words, utilizing
robots in education is effective in encouraging learners to react creatively and actively as
an alternative to existing static classes.
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4. Robot-Based Learning Program

4.1. Program Development Process

The robot-based learning program was developed after going through the four stages
shown in Table 1. First, the basic direction of the robot-based learning program was
determined: to accomplish curriculum goals based on experience centered activities, such
as robot assembly and movement control, and to focus on developing student creativity.
Second, subjects and the curriculum that were applied with robot-based learning were
analyzed. Class teachers selected subjects and units that were judged to be appropriate for
the application of robot-based learning, considering the age and characteristics of their
students. Third, the content of the selected subjects was analyzed and reorganized, and the
robot-based learning program was developed. Furthermore, robot-based learning tasks
were devised to develop the sub-factors of creativity, fluency, originality, opennegs, and,
sensitivity [24]. Lastly, the developed program was introduced to actual cl e&@r
review and revision by relevant experts. BV

Table 1. Program Development PrQcess 0

Development process of robot-based learniny

Order Participants

program

1 Determine the basic direction of ation progra) b Researchers
*

g L N

- N =
5 Select subjects and curricu apply t OQ- Researchers,
based Iearg:’@ ram to teachers

A\
NN
3 Reorganize the L@)n proce aaxevelopthe
catio r%

n prO\
N QN Research
4 and intro the program participants,
PR A\ teachers
N »)
4.2. Cases @\m Developmaent

In this , a robt d learning case, which was developed while undergoing
this study, is propo ed\tolprovide further understanding. Table 2 shows “Harmony of
Light and Colors,™ d Junit included in the 6th grade art textbook, which has been

reorganized to i rate robot-based learning.
The “Harmorny of Light and Colors” unit aims to realize various design elements and

principles\@gerning light and unique expressions using light. To accomplish these goals,
a class @ ranged to discover the beauty created with light using a line tracer robot.
Her e tracer refers to ‘an autonomous robot that detects and follows a line’: an
light sensor attached to the robot senses black or white lines and the robot drives
these lines.

n this class, the robot was not simply a tool to be mechanically assembled or driven,
but a piece of creative art. Students were expected to experience creative and flexible

thinking through the robot [25].

Teachers
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Table 2. Basic Information of Robot-Based Learning Introduced in this

Study
. Visual
Subject Art Area culture
6th
Unit Harmony of Light and Colors Subjects

graders

Draw a picture of light using a robot

Study object To express a world made with light using a robot.

Study subject ‘
|

Learning group Whole learning— Cooperative learning— Whole learning

stages of robot-based learning. First, students assemble and shape the ling_tr

*
Tables 3 and 4 include information on activities that are carried out in the%ih:@m

attached to the robot, and pictures of how the robot moves\are take
pictures, students inquire into the principle and beauty o
of appreciating their own works of art.

Table 3. Information of Robot-Based IQing AWS by Stages

[Acunry 4
e m
e fr
and
é& ammah;&t yb}rputune; wheels on it

.A{‘uﬂ y \

: sot that senses black lmes
(SERRY: 2 senzor that senses black lmes on the front of the
bot body.
mnect the sensor and the motor to the part that controls
the meter sccording to the sensor’s recognition.
Comnect a battery to the robot and supply power.

[Activity 3]
- Attaching a bulb that emits light

i1} Prepare a powerful light source.
i@ Fix the light source onto the robot.

[Actvity 4]
: Teking pictures of a light-emitting line tracer

@ f i»  Move to 2 place where you can block out light, put 2 rough

sketch on the floor where light will pass by, and fix it with
tape.

Place the lme tracer robot on the path where light will pass
by.

Install a tripod and fix 2 camera on it

Start the lme tracer and tom off the light.

Open the aperture as wide as ppssiblg, set the shutter speed
to slow, and take pictures of the light-emitting line tracer
Observe and record the principle of design elements from
the pictures.
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Table 4. Robot-Based Learning Activity Pictures

Making a path where light Making a robot which
passes by emits light along the path

Taking pictures of light

5. Study Method

*
5.1. Subject of Measurement Yy
de

In this study, conducted in 2011, the subjects were 1,232 elementary s¢ho nts,
from first to sixth grade, registered at schools usmg robpt-hased Jéa ¢ Table 5

provides detailed information.
@ s

Grades | Boys | Girls Tatal Number of Paiticipants
Lower (1%, 2"

Table 5. Measureme

A3

Middle (3", 4™)

Upper (5™, 6™) s\\s
59 "O 1232

5.2. Research Proced d Metho AnaIyS|s
The analysis &mn%ﬁ a period of seven months, from June through

December 201 involve gating the change in creativity before and after a
robot-base Y cond ng a survey. A creativity test [24] was conducted pre and
post robot- Iearnl% data was analyzed with the T-Test and post—verification
was conducted usi SPSS 18.0 statistical program. Table 6 provides detailed

information on ch procedure.
& Table 6. Research Procedure

i umber Details Time |
Literature research 2011.6
Establishment of research projects 2011.7
(Researcher)

Establishment of Robot-based instruction 2011.7~8

(Instructor)

Execution of robot-based instruction 22011‘9~1
L Pre- 2011.8

Creativity test Post 201112

Result derivation and paper writing 2012.
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5.3 Creativity Measurement Tool

The survey questionnaire used in this study was the elementary diagram creativity test
(K-FCTES) [24], developed in Korea by benchmarking the Torrance Tests of Creative
Thinking (TTCT) [23,26]. The K-FCTES was used in this study because the results of the
TTCT, which consists of figure tests (TTCT-Figure A, B Types) and verbal tests (Verbal
A, B Types), may not accurately measure creativity in the verbal test portion, due to
cultural and linguistic variations between the United States and Korea; although the
TTCT is used worldwide for creativity research.

In other words, this study employed the K-FCTES, a type of diagram test, to minimize
scoring errors. The K-FCTES consists of chief diagram and stimulus diagram drawing
tests. The former shows parts of 18 similar diagrams as lines, and requires the participant
to complete the diagrams evoked by the parts. The latter shows parts of five diagrams like
the Tai-chi pattern and points, and requires free completion with evoked forms. These
tests measure fluency, originality, openness, and sensitivity [24]. Each test is five rﬁW‘
long. Related information is observable in Table 7.

Table 7. Questions & Elements of Mes I O

Cizativity  Inspection
___ Sub- facioor time
v

N -

F 1
6rigi lity minutes
‘\

Category Questions

Provide some of the lines f
diagram and use them to co
the associated figure. &
identical figures ar
L J

[Test 1]
Draw chief
figure

N
Complete five igures (p
Dra[\;vresﬁri]ulus I-ch} Openness, >
. ,Pet Sensitivity minutes
figure
N o
6. Results of Resear \Q
seard®y X0

6.1. A differenceh\ ativi n Pre- and Post-inspection Score

e investigatioffobserving any changes in student creativity post robot-
based lear @ e seen @e 8 [4]. Table 8 shows that the difference in total creativity
score betweell pre- an st-inspection was at the p<.001 level, and thus significant.

Furthermore, all fo e sub-elements (fluency, originality, openness, and sensitivity)
were at a p<.01 emonstrating higher significance in the post-inspection compared
to the pre-inspéetion. Therefore, robot-based learning appears to effectively improve the
creativit lementary school students.

Q)O
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Table 8. Results of Change in Student Creativity

Category N | Mean  Std. df t

Pre- 44.66 18.78
Total Score 1232 1231 [-17.204***
Post- 56.25 19.48
Fluency Pre- 1237 |68 930 | 1531 -
Post- 22.98 9.34 20.415%**
Originality I ENPPYRN =B S FTA N PSP
Post- 16.79 7.88 14.845%**
Openness Pre- 1232 1022 486 1231 | -2.809**
Post- 10.74 4.67
o Pre- 4.75 4.37 ] \/
Sensitivity Post. 1232 573 143 1231 5813***?

% p< 01, *** p<.001

6.2. A Difference In Creativity Between Pre- and Po@&tlo Sco ccordlng

To Gender

Examining gender differences in creativity befo ring, N r tests produced the
results seen in Table 9 [4]. Table 9 shows that entarxs%l boys and girls differed at
a p<.001 level between the pre- and ROS ctions is significant. Therefore,
robot-based learning effectively |mprove(\ reatm@ th male and female students.

 J

Table 9. Results of Change eativity, According to Gender
-14.835%**
19.59
19.32
59| 915w
19.37 | 8

6.3. Changes in Scl@oy Creativity, According to Grade Level

The result o@nalysis of difference in the extent of creativity improvement in boys
according to,grade is seen in Table 10. Table 10 shows a significant difference (F=15.859,
p<.001) i between grade levels (lower, middle, upper) after the robot-based class.
In parti , compared to boys in the lower grades, middle and upper grade male students

ated higher creativity. After checking Scheffe’s post inspection, significant

%e ces were observed between the two groups, (the first group consisting of lower

es (1st and 2nd) and the second group consisting of middle (3rd and 4th) and upper
grades (5th and 6th)), with the average difference between middle and upper grades being
statistically insignificant.
Therefore, the lower grades appeared to be significantly different from the middle and
upper grades for boys. That is, the creativity of schoolboys in the middle and upper grades
distinctly improved in comparison with that of schoolboys in the lower grades.
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Table 10. Results of Change in Schoolboy Creativity, According to Grade
Level

Scheffe’s

Category : (Post-
inspection)

Lower (1%, 2" 57 | 43.42 | 20.00
Boys Middle (3", 4™ | 216 | 56.56 | 20.38 | 2| 15.859***
Upper (5™, 6™ 360 | 58.79 | 18.22

@<©*~k*
@<®*~k*

@=Elementary (1%, 2" grade), ®=Elementary (3", 4™ grade), ©=Elementary (5", 6"
grade) ***p<.001

6.4. Changes in Schoolgirl Creativity, According to Grade Level ‘

The result of the analysis of difference in the extent of creativity improv %lrls
according to grade is seen in Table 11. Table 11 shows a significant difference 5.859
p<.001) in the creativity of girls between grade levels ‘mldd after the
robot-based class. In particular, compared to the lower g |dd upper grade
levels demonstrated higher creativity in girls. Aftg

tecking che post inspection,
significant differences between the two groups ( st gro isting of the lower
grades (1st and 2nd), and the second group CEESIS g of the le (3rd and 4th) and

upper grades (5th and 6th)) were observed, he avor |fference between middle
and upper grades being statistically i |nS|gn| @ t.

Therefore, the lower grades appear tONDE |g y d|fferent from the middle and
upper grades for girls. That is, the c s in the middle and upper grades
distinctly improved in compari o that of sC irls in the lower grades.

Ae in

@%rl Creativity, According ro Grade

Table 11. Results of Ch

Scheffe’s
(Post-
inspection)

@=El ary (1%, 2" grade), ®=Elementary (3", 4™ grade), (©=Elementary (5", 6"

grade) ’0 .001

clusions

his study examines the influence of robot-based learning on elementary school
student creativity. For this purpose, we conducted robot-based learning on general
courses, such mathematics, social studies, science and art. Moreover, a creativity test was
conducted twice, both pre and post robot-based learning. The results and conclusions of
this study are as follows:
First, robot-based classes were found to increase creativity in an effective way, and all
the sub-elements of creativity (fluency, originality, openness, susceptibility) had
significantly higher scores in the post-verification than in the pre-verification stage. Such
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results indicate that robot-based education is an effective method to develop creativity
across all grades in elementary school.

Second, the creativity of male and female students improved significantly after robot-
based learning. That is, robot-based learning effectively improved creativity regardless of
gender. Such results imply that robot-based education is a useful method for arousing
interest in technology.

Lastly, in comparison with lower grade students, both male and female middle and
upper grade students showed distinct improvement post robot-based learning. With
respect to these results, in order to benefit from robot based learning, it is suggested that
age and development levels be considered when incorporating this tool into the general
curriculum. In order for robot-based classes to contribute towards increasing student
creativity, a systematic class strategy to effectively utilize the robot medium according to
student level is required.

The results of this research into the potential to use robots in education and theeffects
of robot-based learning on elementary student creativity in regular educatlon c M
significant.
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