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Abstract. Creativity is a very important skill that should be possessed by the human resources of a
country, especially in this period of the 21st century. Human creativity must be stimulated from
various things, including via the field of education to improve the quality of human resources. The
goal of this study was to investigate the impact of Lego Mindstorms as learning tools to improve
the creativity skills of students, using an experimental methodology. We used a random sampling
technique to select 40 students as the sample (N=40) for the study, with age ranging 10-12 years
old; the sample was divided 2 groups, 20 students were assigned to the control groups, while the
other 20 students formed the experimental groups. The student's creativity skills were taken from a
figural creativity test (TKF). This test was conducted before the intervention (pretest) and after the
intervention program (posttest). In the intervention program, the experimental group students were
given some education about robotic technology via the use of the Lego Mindstorms tools. To
analyze the test results, we utilized the Statistical Product and Service Solutions package. The
finding showed that there are significant differences between the creativity scores of students in the
experimental group and the creativity scores of the control group. The Lego Mindstorms influences
the enhancement of student’s creativity of around 23.6% in the experimental groups.

Introduction

In the recent years, robotic technology has been of great interest of exploration by many researches,
because as a new technology it is very useful to the human live. Robotics technology has also influenced
several developments in the sector of education; hence, educational Robotics is a field of study that aims
to improve the learning experience of people [1], some scholars have also ascertained that robotics
education is an appropriate and meaningful learning opportunity for children [2]. Furthermore, the use of
robotics technology as an educational tool is considered to have a positive impact on students in the form
of increasing so many skills such as creativity; that robots can be a tool that can enhance the skills of
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children [3]. Researchers have identified new challenges and trends focusing on the use of robotic
technologies as a tool that will support creativity and other 21% -century learner [4] [5]. Figure 1 shows the
important skills in the 21%-century learner [4].
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Figure 1. The Important Skills in 21 Century Learner [4]

Based on figure 1, creativity is a very important skill to have and develop in the 21st century. Creativity
has been defined in different and numerous ways; also some skills can be developed by creativity, some of
which are: divergent thinking ability, having a vast knowledge, communication with other people, as well
as personal capacity for critical analysis [6]. Comprehensively, creative thinking has been defined as the
thinking that enables students to apply their imagination to generating ideas, questions and hypotheses, to
experiment with alternatives and to evaluate their own ideas as well as that of their peers’ ideas, final
products and processes [7].

Many researchers support robotics as an educational tool, hence, one of the most interesting robotics
technologies that can be used as an educational tool is the Lego Mindstorms kit, due to reason being that it
can develop many skills of students. Lego Mindstorms can improve students’ problem solving and
algorithmic skills [8]. More so, a robotic system can bring the possibility of transmitting to children, the
basics of technology and helping to give them other kind of human and organizational values. With
robotics the students can have a different opportunity for developing their logical ability and their
creativity, features at the base of reasoning and critical thought [9]. It has also being discovered that
students who studied about robotics, have attained greater metacognitive and problem-solving skills [10].

Furthermore, Lego-based Robotics can allow students to develop different solutions to the same
problem, in a bid to provide a learning community [11]. Lego Mindstorms robots has been used to further
develop learners to “think out of the box”, firstly to further reinforce fundamental computer programming
concepts that had been partially developed. Secondly it has been used to increase the interaction between
learners and generate higher motivation and interest in computer programming, improve their problem
solving or algorithmic skills, simulate creative thought and develop critical thinking, collaborate with
peers and learn socially and motivate them to achieve and become creative in their thinking [12]. Lego
Mindstorms also gives a positive effect to student’s creative problem-solving skills and their post-
education performance [13]. Interestingly, the application of Lego Dacta in central Sweden has been able
to give a positive effect on students’ performance in mathematics [14]. Hence, using robotics and Lego
Mindstorms, can also increase the ability of students in physics and in the design of engineering concepts
[15], as well as increase the ability of students in the STEM concept [5] [16] [17].

Although many studies have been done on the effect of Lego Mindstorms as an educational tool for
creativity skills, more studies still need to be conducted, especially in the aspect of measuring the effects
of Lego Mindstorms on creativity with standardized measuring instruments.
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The purpose of this study was to investigate the effect of Lego Mindstorms as an educational tool for
the creativity skill of students. The results of this study may provide some vital suggestions to the
educational sectors, to be able to involve innovative technology in educational processes, so that they can
stimulate and develop the personal skills of students.

2. Method

2.1 Participant

The participant in this study were 40 elementary school students (N=40) with age range 10-12 years old
from private elementary schools; the selection of schools and students was done by random sampling
techniques.

2.2 Instruments

Creativity of students was measured by a Figural Creativity Test (TKF). The Figural Creativity Test
(TKF) is an adaptation of the Circle Test made by Torrance, which was then standardized in 1988. The
creativity measured in TKF provides an understanding of the ability to form new combinations of given
elements reflected in the fluency, flexibility, originality, and elaboration. Some elements that determine
the figural creativity of students is also present in literature [18], [19], [20], [21].

2.3 Procedure

The study employed an experimental methodology, wherein a pre-test and post-test repeated measures
was designed with a control group, to know the creativity of students before and after the intervention of
Lego Mindstorms as a learning tool. Hence, the procedure in this study was divided into 3 phases:

1. The first phase is the pre-test, this step was used to determine the creativity of the students (control
group and experimental group) before the intervention. On the TKF, the total score was calculated
from the number of characteristics that appeared on each student’s answer. Implementation of the
figural creativity test involves three steps. In the first step, the students were asked to create an image
of a pattern that has a predetermined pattern in a circle. For the second step, students were asked to
complete an image based on the pattern that has been provided. With regards to the third step, students
were asked to create an image which varies as much as possible and within 10 minutes it should have
been determined using a circular pattern that has been given [22].

2. The second phase was an intervention, as such, the experimental groups were given the intervention in
the form of learning about robotics technology by using the Lego Mindstorms Tool in four meetings
with the duration of each meeting lasting for about 3 hours.

3. The Last phase is the post-test, in this phase, the same pre-test instruments were administered to the
students, as this step aims to know the figural creativity of students after the intervention (control
group and experimental group).

2.4 Intervention
This section describes the activities that was developed with children about the subject of robotics
technology by using Lego Mindstorms. This intervention was done in four meetings.
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Table 1. Learning Robotics Technology with Lego Mindstorms Schedule

Meetings Activities Duration
1 Introduction about robotic technology, specially about Lego
Mindstorms, explanation about materials and equipment 2h.30min
2 Introduction about mobile robot, 3h.10min
Create Tracker Tank Bot
3 The robots based on student’s creations 3h.25min
4 Develop student’s creations robot for competition 3h.

The meeting began with the quest for the students to make groups and sit in a circle, the students listened
to an introduction about the materials of the robotics technology, via an audio visual media; the activity
gave a deeper knowledge about robotics technology and the control system of a robot. The explanation
was furthered to the Lego Mindstorms, which was the experiment tool used in this study. This activity was
given so that students can distinguish and know the function of each Lego Mindstorms kit based on shape
and colour. Lego Mindstorms is an assembly kit that contains building block pieces (construction kits) and
a programmable control unit that can enable one to build a number of robots [8] [23][24]. This kit includes
all the important components needed to build a robot, such as connectors, axle, busing, beams, frames,
tubes, gears, belts, shafts, wheel, motors, sensors, and control center.

Control center in Lego Mindstorms is the Brick. The Brick can send a programme to the motors, receive
information from sensors, among other functions. Additionally, the Lego Mindstorms consist of a large
motor and a medium one as an actuator. It also comprises of different sensors: the colour sensor,
ultrasonic sensor, touch sensor, infrared sensor, gyro sensor, and the temperature sensor. This description
was accompanied by displaying each of the components.

Figure 2. Teacher explanation about the components of Lego Mindstorms

After introducing the Lego Mindstorms kits and the students were able to understand about the
function of each components in the first meeting; the second meeting however focused on the explanation
about the mobile robot, also in this meeting, the robot development project commenced. The students
were able to get new experiences with the robotic lesson via thee medium of Lego Mindstorms. The
projects achieved by the students were, the making of a tracker tank bot, as the students were adequately
taught on how to design, construct, build and control a robot.
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Figure 3. Students make tracker tank bot

In the third meeting, the students were asked to make robots based on their own creations in groups,
which was aimed at hoping to improve their skills in creating a new way, creating a new thing,
collaboration, teamwork, listening to the opinions of friends in one team, expanding, imagination, as well
as modifying.

After that, the students were asked to give presentations on the explanation of the robot they had
created, some of which included, the means by which such robots can interact with the environment, and
the benefits of their robot. This activity was aimed at stimulating the students' skills to speak in public,
convey ideas, learn how to deal with problems, as well as how to make up a story.

Figure 4. Students explain their robot

In the last meeting, students were asked to develop their robot and to get prepared to compete with

other teams. This activity was aimed at stimulating their teamwork, fluency in thinking, and decision
making.
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Figure 5. Robot competition

To analyse the results of this study, statistical analyses were done by using the Statistical Product and
Service Solutions. The result of the descriptive statistics for the figural creativity test (pre-test) is

presented in table 2.

Table 2. Descriptive Statistic Creativity of Students in pretest

Experimental Group (N=20) | Control Group (N=20)
Pretest Pretest
M SD M SD
94.95 7.584 94.35 5.696

Table 2 shows that the mean values for creativity on the pre-test, that is the experimental group (M =
94.95; SD=7.58), and control group (M =94.35; SD = 5.69), were not significantly different from the

mean values on the pre-test.

The next analysis was carried out to find out whether there was a change in the value regarding the
creativity of students after the intervention, especially in the experimental group. In accomplishing this, a
paired sample test analysis was carried out, and the results of this analysis can be seen in Table 3.

Table 3. Paired Samples Test

Paired Differences t df Sig.
Group Mean Std. Std. | 95% Confidence Interval (2-tailed)
Deviation | Error of the Difference
Mean | Lower Upper
Pre-test Experimental — -22.400 9.098 | 2.034] -26.658 -18.142| -11.010| 19 .000
Post-test Experimental
Pre-test Control — -9.250 9.547] 2.135] -13.718 -4.782 -4.333| 19 .000
Post-test Control
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According to the sig. (2-tailed) value from table 3, the experimental group (sig.2-tailed = .000, p <.05); it
can be concluded that there were significant differences between the mean values of the students'
creativity before (pre-test) and after (post-test) the intervention. For the control group (sig.2-tailed = .000,
p <.05), it can be concluded that there were also differences between the mean values of students'
creativity in the pre-test and post-test. Because both of the group have same sig.2-tailed values, table 4
shown more descriptive statistic details.

Table 4. Descriptive Statistic Creativity of Students in pre-test and post-test

Experimental Group (N=20) Control Group (N=20)
Pre-test Post-test Pre-test Post-test
M SD M SD M SD M SD
94.95 7.584 117.35 9.320 94.35 5.696 103.60 8.120

Based on table 4 shows that the mean values for creativity of the post-test, as given thus: experimental
group (M = 117.35; SD=9.320), and the control group (M = 103.60; SD = 8.120), were significantly
different from the mean values of the pre-test.

Different value = Mean posttest — Mean pretest x 100%
Mean pretest

The creativity of students after getting the intervention of Lego Mindstorms, which was used as an
innovative educational tool in the experimental group, increased to 23.6%, but the creativity of students in
the control group, that is the group where students did not get any intervention only increased to 9.8%.
The intervention had an important impact on the creativity of the students, and there was a great
significant difference between the experimental group and control group, with a higher increase of
creativity in the experimental group.

4. Conclusion and Discussion
Based on the result of this study, integrating technology in the education sector, especially robotics
technology has been able to provide a positive impact on students. It has been proved by introducing
students to the robotics technology through Lego Mindstorms as an educational tool, to stimulate the
creativity of students; of which in the experimental group, creativity had a significant increase of 23.6%.
This is consistent with several studies that have been done before such as the works of Ahmad
Khanlari in 2013, where it was revealed that robotics improves some of the students’ skills, such as
creativity, critical thinking, team work and collaboration skills, self-confidence, sociality, and
tendency to help others. The results of the study also reveals that robotics has a great impact on the
21st century skills [25], hence, educational robotics is an all-in-one technological learning tool that
promotes the future success of the students [5], also, robotics is one way of fun learning that can make
students think more creatively in creating something new [26]. Therefore, robot can be used by children as
a tool to boost new ideas and stimulate their creativity [27], based on the potentials of educational robotics
which has been acknowledged earlier, in particular, the potential to facilitate curiosity and creativity [28].
The ability to come up with creative new ideas are of extraordinary importance to cultural development
and the progress of human civilization [29]. Thus, if the individual creative skills that will impact personal
quality is getting better, and if there are a lot of creative individuals, it will make the quality of human
resources in a country to be better; also the formation of a creative society will improve the
competitiveness of a country. A creative society can help in providing a positive impact in improving the
economic aspects of a country [30].
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It is important to state that creativity skill has a correlation with innovation, because good creativity skills
can create innovation. Thus, innovation and creativity are fundamental to all academic disciplines and
educational activities, not just the arts. The creative process, as with the reflection considered in the
previous sections, is a critical component that deals with making sense of learning experiences. A number
of approaches to teaching and learning have been considered in this paper that can help to nurture
creativity and innovation [7]. Creativity is one of the most sought-after competencies, due to the move
from industrialized economics, wherein the ability to innovate is crucial for the workforce [27]. Hence, a
creative society will produce many innovative works.

References

[1] J. M. Angel-Fernandez and M. Vincze, “Towards a Formal Definition of Educational Robotics,”
no. July, pp. 3742, 2018.

[2] M. Garaigordobil and L. Berrueco, “Effects of a Play Program on Creative Thinking of Preschool
Children,” Span. J. Psychol., vol. 14, no. 2, pp. 608-618, 2011.

[3] N. C. Zygouris, A. Striftou, A. N. Dadaliaris, G. I. Stamoulis, A. C. Xenakis, and D. Vavougios,
“The use of LEGO mindstorms in elementary schools,” IEEE Glob. Eng. Educ. Conf. EDUCON,
no. April, pp. 514-516, 2017.

[4] D. Alimisis, “Educational robotics : Open questions and new challenges,” Themes Sci. Technol.
Educ.,vol. 6, no. 1, pp. 63—71, 2013.

[5]  A. Eguchi, “Robotics as a Learning Tool for Educational Transformation,” in Proceedings of 4th
International Workshop Teaching Robotics, Teaching with Robotics & 5th International
Conference Robotics in Education, 2014, pp. 27-34.

[6] A. Fadaee, “Explaining the Relationship between Creativity , Innovation and Entrepreneurship,”
Int. J. Econ. Manag. Soc. Sci., vol. 3, no. 12, pp. 1-4,2014.

[7] D. Gurteen, “Knowledge , creativity and innovation,” J. Knowl. Manag., vol. 2, no. 1, pp. 5-13,
1998.

[8] E. Afari and M. S. Khine, “Robotics as an Educational Tool: Impact of Lego Mindstorms,” Int. J.
Inf. Educ. Technol., vol. 7, no. 6, pp. 437442, 2017.

[9] D. Scaradozzi, L. Sorbi, A. Pedale, M. Valzano, and C. Vergine, “Teaching Robotics at the
Primary School: An Innovative Approach,” Procedia - Soc. Behav. Sci., vol. 174, pp. 38383846,
2015.

[10] S. Atmatzidou, S. Demetriadis, and P. Nika, “How Does the Degree of Guidance Support Students’
Metacognitive and Problem Solving Skills in Educational Robotics?,” J. Sci. Educ. Technol., vol.
27, no. 1, pp. 70-85, 2018.

[11] E. Danahy, J. Brockman, A. Carberry, C. B. Rogers, B. Shapiro, and E. Wang, “LEGO-based
Robotics in Higher Education: 15 Years of Student Creativity,” Int. J. Adv. Robot. Syst., vol. 11,
no. 2, p. 27, 2014.

[12] 1. Chetty, “Lego©mindstorms: Merely a toy or a powerful pedagogical tool for learning computer
programming?,” Conf. Res. Pract. Inf. Technol. Ser., vol. 159, no. January, pp. 111-118, 2015.

[13] S. Cankaya, G. Durak, and E. Yiinkiil, “Education on Programming with Robots: Examining
Students’ Experiences and Views,” Turkish Online J. Qual. Ing., vol. 8, no. 4, pp. 428—445, 2017.

[14] S. Hussain, J. Lindh, and G. Shukur, “The effect of LEGO training on pupils’ school performance
in mathematics, problem solving ability and attitude: Swedish data,” Educ. Technol. Soc., vol. 9,
no. 3, pp. 182-194, 2006.

[15] A. N. Chraith and K.Kelly, “Lego Mindstorms As a Teaching Tool in Engineering,” in
International Manufacturing Conference, IMC 27,2010, pp. 386-394.

[16] M. Panayiotou and N. Eteokleous, “Using LEGO Mindstorms as an Instructional Tool to Teach
Science in Primary Education Chapter,” Intell. Syst. Comput., vol. 560, no. April, pp. 10-14, 2018.

[17] E. Datteri, L. Zecca, F. Laudisa, and M. Castiglioni, “Explaining robotic behaviors: a case study in



International Conference Computer Science and Engineering IOP Publishing

Journal of Physics: Conference Series 1339(2019) 012082  doi:10.1088/1742-6596/1339/1/012082

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]
[27]

[28]

[29]

[30]

science education,” in International Journal of Robots, Education and Art, 2012, pp. 134-143.

H. Casakin and S. Kreitler, “Evaluating Creativity in Design Problem Solving,” Des. Res. Soc., no.
January, 2014.

N. J. Marzieh Arefi, “Comparation of Creativity Dimensions (Fluency, Flexibility, Elaboration,
Originality) between Bilingual Elementary Students (Azari language-Kurdish language) in Urmia
City — Iran,” IAFOR Int. Conf. Lang. Learn., 2016.

T. De Cassia, N. Pontificia, U. Catdlica, and S. Paulo, “Intelligence and Creativity : Relationships
and their Implications for Positive Psychology,” Psico-USF, Bragang¢a Paul., vol. 20, no. 2, pp.
195-206, 2015.

A. Vinsentricia, S. Sudarisman, and J. Ariyanto, “Efforts To Improve Students Figural Creativity
Through the Use of 5E Learning Cycle With Interrelationship Diagram on Review,” Pendidik.
Biol., vol. 7, no. 3, 2015.

M. Garaigordobil, “Intervention in Creativity With Children Aged 10 and 11 Years: Impact of a
Play Program on Verbal and Graphic — Figural Creativity,” vol. 18, no. 3, pp. 329-345, 2006.

B. Cavas and T. Kesercioglu, “The effects of robotics club on the students’ performance on science
process & scientific creativity skills and perceptions on robots, human and society,” in 3rd
International Workshop, Teaching Robotics, Teaching with Robotics, 2012, pp. 40-50.

F. Basoeki, F. D. Libera, E. Menegatti, and M. Moro, “Robots in education: New trends and
challenges from the Japanese market,” Themes Sci. Technol. Educ., vol. 6, no. 1, pp. 51-62, 2013.
A. Khanlari, “Effects of Robotics on 21st century skills,” Eur. Sci. J., vol. 9, no. 27, pp. 26-36,
2013.

D. T. Burhans and K. Dantu, “{ARTY:} Fueling Creativity through Art, Robotics and Technology
for Youth,” Aaai, pp. 4765-4770, 2017.

P. Alves-Oliveira, P. Arriaga, A. Paiva, and G. Hoffman, “YOLO, a Robot for Creativity,” no.
June, pp. 423429, 2017.

K. Zawieska and B. R. Duffy, “The Social Construction of Creativity in Educational Robotics
Karolina,” Prog. Autom. Robot. Meas. Tech. Adv. Intell. Syst. Comput. 351, vol. 352, pp. 329-338,
2015.

E. Jauk, A. C. Neubauer, B. Dunst, A. Fink, and M. Benedek, “Gray matter correlates of creative
potential: A latent variable voxel-based morphometry study,” Neuroimage, vol. 111, pp. 312-320,
2015.

S. Moran, “The Roles Of Creativity In Society,” in Creativity in Society, 2009, pp. 1-28.



