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  Abstract 
With the recent revised curriculum, the importance of exploring children's play through new teaching media 

is increasing in kindergarten. In this study, it is to use the robot ‘Bee-bot’ for early children to uncover the 
changes that children have through free exploration and play. As a result of comparing the change of scientific 
problem-solving ability of 3, 4, and 5-year-olds, there were significant changes in all three sub-elements. We 
propose to us scientific problem-solving ability test tools, propose and apply ideas for problem-solving, 
conclusion on problem-solving Building. Through this, it was found that unplugged play using ‘Bee-bot’ is 
meaningful as a play environment and as a teaching medium for children aged 3, 4 and 5 years old. 
 

Keywords: Kindergarten, unplugged play, children’s play, Scientific problem-solving ability, Bee-bot. 
 
1. Introduction 

Our humanity is entering a new era of '4th Industrial Revolution'. Kindergarteners who are going to live in 
the era of the 4th Industrial Revolution, commonly referred to as the “future generation”, are talented people 
of the future. As a result, the Ministry of Education proposed the “Children-centered Curriculum”, which 
focuses on children in the Nuri course, and the “Play-centered Curriculum” that emphasizes play as the 
“Children Education Innovation Plan”. This is the policy that the children's expressive plays open the spectrum 
of play in educational institutions in a wide variety of ways, so that the child can take more initiative and make 
decisions in the play situations and problems while playing. [1] 

In other words, in the educational environment, the teacher does not lead children's play, but rather acts as 
an assistant and provides enough play time to emphasize the direction of play-centered education. Likewise, 
activities with robots help children to develop intimacy with robots by playing freely and develop interest and 
curiosity in robot science. It can also be used as a tool for fascinating and fun learning in all developmental 
domains, as well as for other areas of development [2]. 

There are various types and functions of play using these robots, of which unplugged play is being used as 
a new teaching medium for children. Unplugged play is a robot-based play that can be learned using cards, 
joule crayons, etc. that are common among people of all ages without difficult and complicated computers [3]. 
Beebot is an children’s robot used for this unplugged play, and its small size makes it easy for children to play, 
manipulate, and utilize it proactively. 
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According to Piaget's theory of cognitive development, children are in pre-conceptual period [4], so it is a 
step to start thinking logically about specific events. Therefore, it is a suitable time to develop scientific abilities 
such as creativity and problem-solving ability, which are the capabilities of the future society. Because 
children's imagination is related to social promises and rules, scientific plays of children are also linked to 
cognitive. Therefore, interest in robot play activities is also increasing in the early childhood curriculum [5], 
[6], [7]. 

Accordingly, this study aims to verify the effect of unplugged play based on Bee-bot on children's scientific 
problem-solving ability for who aged 3, 4, and 5 years. Through this, the purpose of unplugged play is to reveal 
the graft and value in early childhood education, and to provide basic data for the development of various 
unplugged play programs according to the age of kindergarteners. The following research questions were set 
up for this purpose. 

Research Question 1. Does the unplugged play based on Bee-bot affect the scientific problem-solving ability 
of 3, 4 and 5 years old in kindergarten? 

 
2. METHOD 

2. 1 Unplugged play media, Bee-bot 

The Bee-Bot, selected in this study, is a robot developed by TTS based on LOGO 
programming for children. It is one of the unplugged robots that can be used without a 
computer. The Bee-Bot moves about 15cm forward and backward when pressing the front 
and backward direction keys and rotates 90° each time when pressing the right and left 
directions keys. You can enter up to 40 times, including the direction key and the stop function 
key. Commands continue to accumulate until you enter the delete button on the bottom left, 
and when the key input is complete, press the "Go" key to run it. There are LEDs in the Bee-
Bot eyes that illuminates when the command is entered, after the command is executed, when 
it is being charged, and then the sound also indicates the execution state. In figure 
1, describe configurations of “Bee-Bot”. 

2. 2 Participants 

The study sample consisted of 90 children from two urban private kindergartens in the Republic of Korea. 
At the time of the experiment, the children were 3, 4 and 5 years old. There were 42 girls and 48 boys.  

Table 1. shows the contents of the study subjects participating in the study. 
 

Age Group N 
Sex Monthly age T 

(p) Boy Girl M SD 

3 
year-
old 

Treatment 
Group 13 7 6 43.13 4.015 

.458 
(p>.05) Comparison 

Group 13 7 6 43.8 3.95 

4  
year-
old 

Treatment 
Group 15 8 7 55.16 3.934 

.086 
(p>.05) Comparison 

Group 15 8 7 55.26 3.619 

5  
year-
old 

Treatment 
Group 17 9 8 67.11 3.365 

.049 
(p>.05) Comparison 

Group 17 9 8 67.05 3.257 

2. 3 Study tool 

To measure the children’s scientific problem-solving ability, we adapted the Korean version [8] of Tegane, 

Figure 1. Bee-Bot. 
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Sawyer and Moran’s (1989)[9] original scientific problem-solving ability instrument. This instrument 
measures young children’s problem-solving ability across various questions. We adapted this instrument to 
examine the effect of children’s scientific activities using robotics on their scientific problem-solving ability. 
After a review by two early-childhood experts to confirm the instrument’s developmental appropriateness and 
validity, some tasks were modified slightly to enhance clarity and efficiency. The 'Problem-solving ability test' 
consisted of a three-step processes of ‘finding and stating problems’, ‘proposing and applying ideas to problem 
solving’, and ‘concluding problem solving’. Pre-test of activities to detect scientific problem-solving skills 
suggested activities using whistles and syringes, while post-test suggested activities using combs and wheels 
to exclude the effects of pre-examination. Each measurement item was given a score of 0 to 3 on the four-point 
scale according to the evaluation criteria presented, so that the total score was equal to the lowest of 0 to the 
highest of 18 points, and the higher the total score, the higher the scientific problem solving ability. It took 
about 10 minutes per one child. 

2. 4 Study procedure  
A quasi-experimental design was adopted with pre-test and post-test samples, which were conducted with 

an untreated comparison group. Two kindergarten classes were separately designated to be a treatment group 
and a comparison group in Korea. This study included pre-tests and post-tests in both groups. In both the 
treatment and comparison groups, the children were tested to determine their scientific problem-solving ability. 
Each kindergartner spent 25 min on the pre-tests and post-tests. The overall study schedule was approximately 
7 months from February 18, 2019 to August 30, 2019. The unplugged plays were performed 30 times over 15 
weeks in 2019, and a post-test was administered to each kindergartner. It is based on the five play experiences 
of physical exercise·health, communication, social relations, art experience, and natural exploration suggested 
by Nuri- curriculum which is the national level curriculum. In addition, the play environment of 3, 4, 5, and 3 
years old children was configured to use objects and toys in daily life. During the 30 rounds, 15 activities were 
prepared, and afterwards, the children were able to transform or create the play freely. In the case of the odd 
rounds presented in the table below, children’s interests about play were promoted through storytelling. Even 
if the same play materials were used, there were situations in which odd and even plays changed depending on 
the age and interest of the children.  

Table 2. 30 rounds of unplugged play in treatment group 

Round Play 
Elements related by National level curriculum 

Round Play physical 
exercise·health communication social 

relations 
art 

experience 
nature 

exploration 

1 Let’s meet the 
Bee-bot  ○ ○ ○ ○ 2 

Free play 
created by 

children 

3 Be a friend with 
the Bee-bot   ○ ○ ○ 4 

5 Play with 
the Bee-bot ○ ○ ○   6 

7 Playing toys with 
my friends ○ ○ ○   8 

9 Make a hear 
shape with anything ○  ○  ○ 10 

11 Let’s find 
some fruits ○  ○  ○ 12 

13 Do the errands. ○ ○ ○   14 

15 Ways 
to meet insects ○  ○  ○ 16 

17 Enjoys play soccer ○ ○ ○ ○  18 

19 How is it used? ○  ○  ○ 20 

21 Many ways 
to get there. ○  ○  ○ 22 

23 Avoid obstacles. ○  ○  ○ 24 

25 
Animals living in 

the ground, Animals 
living in the sky. 

 ○ ○ ○  26 

27 Play the jigsaw. ○  ○ ○ ○ 28 
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The unplugged play used in this study was developed by one professor of early childhood education based 

on the instructions for teachers of Nuri curriculum by age 3 to 5, and was verified by one child education 
expert, one robot expert, and one computer engineering professor. In addition, the program was organized to 
facilitate handling of children who have not used the robot. Accordingly, the unplugged play program was 
conducted, and the activity was organized based on the national level curriculum. It also provided preparations 
for children to play with life tools and toys for children.  During the unplugged play implemented after the pretest, the kindergarteners were engaged in three stages 
of exploring and understanding play activities and applications (see Table 1). The researcher administered the 
application phase in small groups within the treatment group. Each activity in the phase took 13 to 30 min. 
The group operated a Bee-Bot and collaborated to solve the problems while playing with Bee-bots. They used 
all the toys or objects they wanted for play, and if objects weren't in class, the teacher provided them when 
they asked. It was also placed in the science area of the experimental group's classroom so that the robot could 
be freely explored during free play time.  

2. 5 study data analysis  

This study analyzed the data collected using the SPSS 25.0 Statistical Program to find out the effects of 
unplugged plays for children aged 3, 4 and 5 on the scientific problem-solving ability of them. The average 
and standard deviation were calculated from the results of the monthly age and pre-test of the children, and the 
independent sample t-test was conducted to confirm whether the treatment group and the comparison group 
were homogeneous. In order to see if unplugged play for children aged 3, 4 and 5 had a significant impact on 
their scientific problem-solving abilities, a t-test was conducted on the pre- and post- test to analyze differences 
between groups. 

 

3. RESULT 
Independent sample t verification was used for treatment and comparison groups to find out the impact of 

unplugged play on the scientific problem-solving ability of children aged 3, 4 and 5. The following Table 3 is 
the result of conducting a t-test on the pre- and post- tests of scientific problem-solving ability of the treatment 
group and the comparison group of kindergarteners.  

Table 3. Results of pre- and post-test by group of scientific problem-solving abilities 

 Age Group 
Pre- Post- 

M SD t M SD t 

Finding and 
stating 

problems 
3 

Treatment(N=13) 4.54 2.961 
0.00 

7.77 0.832 
6.914  Comparison(N=13) 4.54 1.713 4.38 1.557 

4 
Treatment(N=15) 4.76 2.223 

-1.571 
8.12 1.054 

2.388  Comparison(N=15) 5.82 1.667 7.18 1.237 

5 
Treatment(N=17) 5.76 2.463 

-2.073 
8.82 0.393 

2.683  Comparison(N=17) 7.06 1.919 7.94 1.298 
Proposing 

and applying 
ideas to 

problem solving 

3 
Treatment(N=13) 3.08 2.178 

-0.770 
5.62 0.650 

3.944  Comparison(N=13) 3.69 1.888 3.15 2.154 

4 
Treatment(N=15) 3.88 2.147 

-0.958 
5.65 0.606 

3.023  Comparison(N=15) 4.53 1.772 4.65 1.222 

5 
Treatment(N=17) 4.29 1.993 

-0.49 
5.82 0.393 

2.191  Comparison(N=17) 4.65 2.090 5.12 1.269 
Concluding 

problem solving 3 
Treatment(N=13) 1.00 1.080 

-0.179 
2.46 0.660 

3.266  Comparison(N=13) 1.08 1.115 1.54 0.776 
Treatment(N=15) 1.71 0.849 -0.504 2.59 0.507 

29 Shelter 
for hot summer.  ○ ○  ○ 30 
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4 Comparison(N=15) 1.88 1.166 2.12 0.697 2.252  

5 
Treatment(N=17) 1.94 1.088 

-0.833 
2.82 0.393 

2.248  Comparison(N=17) 2.12 0.928 2.47 0.514 

Total of 
Scientific 
problem-

solving ability 

3 
Treatment(N=13) 8.62 5.665 

-0.376 
15.85 1.214 

7.080  Comparison(N=13) 9.31 3.473 9.08 3.226 

4 
Treatment(N=15) 10.35 3.952 

-1.387 
16.35 1,539 

3.589  Comparison(N=15) 12.24 3.96 13.94 2.304 

5 
Treatment(N=17) 12.00 5.025 

-1.114 
17.47 0.514 

2.966  Comparison(N=17) 13.82 4.503 15.53 2.649 

p<.05, p<.01, p<.001 

As shown in Table 3, the pre-test of scientific problem-solving ability of 3 years old, 4 years old and 5 years 
old conducted an independent sample t-test and found that both the total score and the scores of each sub-
stages were not significantly different between the treatment and comparison groups, which meant that the two 
groups were homogeneous. However, the post- test showed that the total score for the independent sample t-
test showed a significant difference at 0.001(t=7.080, p<0.001, t=3.589, p<0.01, and p<0.01) with a significant 
difference at a significant level of 0.01. 

A closer look at each sub-stages showed that 'Finding and stating problems' showed significant differences 
in the significant level of 0.001 at t=6.91 and p<0.001 in values of 3 years old, t=2.39, p<0.05 in figures of 4 
years old, and t=2.68, p<0.05 at the significant level of 0.05 in results of 5 years old. The ‘Proposing and 
applying ideas to problem solving’ showed significant differences in the significant level of 0.001 at t=3.94 
and p<0.001 in values of 3 years old, t=3.02, p<0.01 in figures of 4 years old, and t=2.19, p<0.05 at the 
significant level of 0.05 in results of 5 years old. In the ‘Concluding problem solving’, t=3.94, p<0.01 for 3 
years old and t=2.25, p<0.05 in figures of 4 years old, and t=2.24, p<0.05 at the significant level of 0.05 in 
results of 5 years old. 

Through these results, it can be interpreted that unplugged play based on Bee-Bot had a positive effect on 
improving the scientific problem-solving ability of 3, 4, and 5-year-old children. 

 
Figure 2. Graphical Representation of mean values Obtained by children 
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4. CONCLUSION AND DISCCUSION 
4. 1 Finding and stating problems 

In the “Finding and stating of problems”, which is sub-contents of scientific problem solving ability, the 
difference in scores between the experimental group and the comparative group was found to be significant. 

These findings are the same as those of [10], who found that finding the problems in everyday life and 
creating inventions with creative ideas to solve them was effective in all areas of scientific problem-solving 
ability of children. 

These results indicate that children play with familiar everyday goods and toys, and that they have a high 
degree of immersion in the play. In addition, reflecting the state-level curriculum, it can be inferred that 
children were able to immerse themselves in the play, as they are experiencing with their friends at educational 
institutions. In addition, through the play proposed by peers, kindergarteners can be judged to focus on the 
play problem based on emotional intimacy with a close friend, and this can be seen as the social interaction 
that Vygotsky talks about in unplugged play. 

4. 2 Proposing and applying ideas to problem solving 

The difference in scores between the experimental group and the comparative group was found to be 
significant in 'Proposing and applying ideas for problem solving', a sub-content of scientific problem-solving 
ability. 

These results are the same as the results of research by [11], in which activities using storytelling had a 
positive effect on suggesting and applying ideas for problem solving in children. 

These results indicate that children could self-ledly propose or expand play through unplugged play. In 
particular, it has the advantage of being able to operate as children’s own thinking. It can be seen that children 
have proactively proposed and applied play ideas and problem solving. 

4. 3 Concluding problem solving 

The difference in scores between the experimental group and the comparative group was found to be 
significant in the 'concluding problem solving' sub-contents of scientific problem-solving ability. 

These findings are the same as those of [12], who found that scientific activities based on the PBL approach 
to solving problems had a positive effect on the conclusion of problem solving. 

These results can be seen as the result of immersion naturally by children through the play ideas and 
application process proposed by children through unplugged play. Generally, the curiosity of children is innate, 
and the curiosity of children can expanded by the interaction of adults and also it is need for teaching strategies 
such as presenting activity data. But it can be seen that immersion beyond these teaching strategies through 
children's leading play. When children apply their own ideas through Bee-Bot and look at the results of 
manipulating them directly, it can also be seen that children have accepted their experiences as a total result 
through processes such as transformation of play, expansion of play, and immersion of play. 

4. 4 Total of Scientific problem-solving ability 

In this study, the total score of scientific problem-solving ability were improved through the unplug play of 
children. These findings are consistent with the results of previous studies in [5] and [6]. The results are 
meaningful for discovering the meaning of unplugged play as a teaching media and play media based on the 
educational contents of the basic national level curriculum, and a prior study that revealed the educational 
experiences and educational experiences mainly limited to age It is meaningful that it has crossed the limit of.      

It is also very encouraging that the experience of all 3, 4, and 5 years old children was meaningful in the 
overall content of scientific problem-solving ability and all of its sub-contents. This suggests that children's 
play is capable of spontaneous growth and development through emotional incentives, and also that these 
experiences are meaningful even at the age of 3 years old. It can be judged that the implications for the 
environment and the media are great, and it can be seen that it has great significance as an example of infant-
led play in the direction of promoting scientific problem-solving ability, which is attracting attention as a factor 
of creativity and future competence. 
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In particular, it should be noted that the results of this study proved that Bee-bot was meaningful as a play 
environment and as a teaching medium for all 3, 4, and 5 years old children, who are preschoolers. It has great 
implications for the direction of education and the composition of the environment. Because the educational 
environment will eventually be judged by adults such as teachers, based on the results of this study, it will be 
helpful to introduce future-oriented curriculum to education experts, teachers, policy researchers, and 
curriculum developers. It is considered that it is worthwhile to develop various unplugged play for them at the 
same time as being used as a material as a basis for communicating and educating children with current teachers. 
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