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Abstract—Digital literacy is becoming a key factor in today’s digital revolu-
tion age. Computational Thinking (CT) is a new digital literacy that is gradually
being introduced in the school curriculum due to its applicability in the daily
problem-solving process. Educational Robotics (ER) has been increasingly used
as a pedagogical tool to attract students to learn computer programming, and
when integrated with CT, they can be used to develop high order thinking skills.
However, intertwining between CT and ER remains a challenge for teachers. This
paper describes a method to expose secondary school children to CT concepts
and skills through ER learning activities. The method integrates the four CT core
concepts, which are problem analysis and algorithm; abstraction; pattern recog-
nition; and decomposition, in a two days’ ER workshop implementation. The re-
sult of the study shows that the method of integrating CT with ER has the poten-
tial to nurture students’ CT and programming skills. This study shows a statisti-
cally significant increase in the students' understanding of the two CT concepts
which are pattern recognition and decomposition concepts.

Keywords—computational thinking, Educational Robotics, teaching computer
programming

1 Introduction

In recent years, Educational Robotics (ER) has been increasingly used as a pedagog-
ical tool [1] to boost the performance of students in several subjects and age levels. ER
can be used to motivate and attract students to learn more [2] and improve their learning
efficiency further. Many authors reported successful attempts [1] in introducing ER as
a non-conventional way to help students learn subjects specifically for science, tech-
nology, engineering, and math (STEM) disciplines. Robotics are becoming a well-
known tool [3] in teaching and learning, for a primary and secondary schools in the
areas of science and technology as well as several areas in universities engineering
courses. These robots are used as a method of active learning that permits several sub-
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jects such as math, computer science, mechanics, technology, electronics, program-
ming, artificial intelligence, and computer vision among others, to be combined as a
single subject with a distinct goal.

In this digital revolution age, Computational Thinking (CT) is introduced as a fun-
damental skill used by many professions. CT is used as a strategy for solving a problem
in computing. Wing [4] introduced CT as an approach to solving problems, design sys-
tems, and understand human behavior that draws on the concepts fundamental to com-
puting.

Realizing the importance of CT and the benefits of ER, this work presents a method
to introduce and nurture CT skills among secondary school students through ER teach-
ing and learning activities. ER exposes students to CT by involving them in the prob-
lem-solving process using CT core concepts which are abstraction, algorithm, automa-
tion, decomposition, debugging, and generalization [5]. ER can make CT concepts con-
crete and become a tool that offers opportunities for school students to engage and de-
velop skills in CT.

This paper studies the perspective of using ER as a tool to support the learning of
introductory programming by integrating CT in ER through teaching and learning ac-
tivities. In addition, this paper also describes the implementation of the integration
method (CT in ER) in secondary school workshops’ activities. The implementation of
ER requires the teaching and learning method to employ (1) a mobile robot, (2) teaching
modules, and (3) an assessment instrument in a two-day program that consists of a
problem-solving workshop and robotic game activities. The implementation of the
method gives focus to a short duration teaching and learning session aiming to nurture
and introduce CT skills. There are many research works targeting secondary school
students because most students around this age can perform the CT and ER activities
successfully [6]. Unfortunately, there is a limited research study on short-duration
teaching and learning sessions. The implementation of the method in teaching and
learning activities for a short duration session was analysed to validate the student’s
perspective towards the learning and determined by evaluating the students' under-
standing of CT core concepts.

2 Background

2.1  Educational robotic evolution

The idea of robaotics integration in education has been proposed more than a decade
ago [7]. Robotics was earlier used in competition [8] before being employed in early
childhood education as a tool to teach and deliver concepts [9]. It has been used as a
non-conventional way of attracting students’ interest in science, technology, engineer-
ing, and mathematics (STEM) education as it will have a high impact on students’ fu-
ture engagement with technology [1]. In today's fourth industrial revolution era, robot-
ics has been a famous supporting tool in education in giving excitement in learning and
teaching. The involvement of robotics in education gave benefits to the industries and
market. The market is driven primarily by factors such as the use of robots in the field
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of robotics for educational purposes and technological advances [10]. Besides that, ER
also has been used in supporting the delivery of learning CT in recent years [11]. Figure
1 shows the evolution of ER from its early days until its integration to support 4IR
evolution.
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Fig. 1. Evolution of Educational Robotics

Realizing the benefits of robots in teaching, in 2008, Universiti Teknologi Malaysia
(UTM) has introduced ER in a formal class education for computing students, and in
2012, ER Co-Curricular Service-Learning program [12] was initiated for teaching prob-
lem solving and computer programming for school students. A mobile robot called Ro-
boKar has been used as a tool for educational purposes to promote computer program-
ming to the community including school and college students. RoboKar has evolved
from ApiBot mobile robot initially used in a research case [13] into RoboTar in 2008
to be used as a pedagogical tool for undergraduates' formal learning in Embedded and
Real-Time programming courses.

2.2 Computational thinking and educational robotics

Computing is a ubiquitous technology, and a basic understanding of the technology
will help in daily lives. Computational thinking in education is seen as an important
skill as today’s youths will not only get to work in computer-influenced areas, but they
will also need to deal with computers in their daily lives in today’s global economy
[14]. In school, CT is aimed to help teachers guide the students in searching for new
kinds of problems solving techniques for unique or new problems. Many proposed cur-
ricular frameworks nurture CT in education. For instance, Duncan et al [15] applied
logical reasoning and evaluation concepts of CT in their study. Because CT is a well-
established technology, many researchers are attempting to study its concepts and at-
tempt to apply them to educational frameworks to enhance youth performance. One of
the attempts is to nurture CT through ER to develop higher-order cognitive skills among
youth is by Chalmers [16].
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Different methods are proposed by researchers to study the potential of ER to pro-
mote the development of CT skills. Chalmers [16] investigated how Australian primary
school teachers taught coding through robotics in the classroom and observed whether
the activities gave an impact on the students’ CT skills. The finding shows that the use
of robots through simple activities helped the teachers to develop student's confidence
and improve their knowledge of CT. Another study by Chalmers [16] focused on how
teachers can integrate ER and CT. Many other works focused on student development
in CT skills through ER at different levels and regions. Noh and Lee [17] conceived a
robot programming course for Korean elementary school students and investigated the
effectiveness of implementing it and the student’s perception towards it in actual clas-
ses. Umaschi Ber et al. [18] studied the effectiveness of TanginleK Robotics Program
to attract the interest of kindergarten children in learning CT. Most of the findings show
that ER courses resulted in positive interest in students’ CT learning. Besides focusing
on teaching and learning activities, a study conducted by Chen et al. [19] in the United
States proposed an instrument to assess elementary students’ CT in reasoning and ro-
botics programming. All studies focused on different types of age groups, regions, and
education systems which gave it a difficulty to draw a general conclusion for the find-
ings. Therefore, there is a need to study the potential of ER to nurture the development
of CT skills in Malaysian secondary school students via short duration workshop activ-
ities.

3 Methodology

Figure 2 depicts the procedures used to conduct the study which involves data gath-
ering, training sessions, game activities, and evaluation. The main goal of this study is
to measure the students’ perspective of CT integration in ER during teaching and learn-
ing activities and investigate the benefits of ER in learning computer programming.
Generally, the study started with data collection that is aimed to have data on students’
background and related knowledge. They will undergo a training session on problem-
solving using RoboKar and be given time to complete simple programming tasks dur-
ing robotic game activities. The students will be evaluated using the results of the prob-
lem-solving task and post-survey questionnaire. The participants and implementation
procedures used in the training and game activities will be described in the next sub-
sections, respectively.

Tool .
Data Collection| | | Introduction & | —| R”?Di!c.{.}ama —>! |Significant Test
Teaining Activities

Demography n 5
I\_w;\l IieS}vi Post Survey
\b_—/—\

Fig. 2. Data collection and workshop activities
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3.1 Participants

A two-day robotic programming training workshop for secondary schools in
Segamat, Johor, Malaysia was conducted for the purpose of this study. In total, 75 stu-
dents from five different secondary schools participated in the workshop. The 75 stu-
dents were divided into two categories of groups, Group A and Group B which have
the background knowledge in learning CT before the workshop (N-31) and have no
experienced and knowledge in learning CT (N-44) respectively. Two different back-
grounds of groups were selected in purpose to evaluate the effectiveness of the module
delivery in learning CT through ER based on the perception of the students. The result
of the workshop is a piece of good evidence to prove students’ understanding of CT
after and before the workshops. Table 1 shows the demographic data of the students.

Table 1. Demographic data of the students

Demography Data
Questi Group A ( Have learned CT) Group B (Have no learned CT)
uestion
Frequency (N-31)|% Frequency Distribution| Frequency (N-44) |% Frequency Distribution
13-15 26 83.71 3 6.82
Age
16-18 5 16.29 41 93.18

3.2  Implementation procedure

RoboKar is a small mobile robot developed by Universiti Teknologi Malaysia
(UTM) to teach problem-solving through computer programming. As shown in Figure
3, RoboKar is a tool that has been used in many outreaches’ demonstration and activi-
ties on programming and CT. This mobile robot is equipped with optical sensors to
detect black tracks on the floor and provide direction information for the robot to nav-
igate a track. RoboKar is powered by two small motors which are connected to the right
and left wheels. A microcomputer, which is the brain of RoboKar is a small microcom-
puter Arduino Uno. Arduino microcomputer used on RoboKar can be programmed us-
ing the Arduino IDE and the programs written using this IDE can then be uploaded into
the Arduino’s permanent memory via a USB cable. The ¢ programming language sup-
ported by Arduino IDE is used to program a RoboKar.

Fig. 3. RoboKar mobile robot

Five RoboKar teaching modules were implemented during the workshop to deliver
CT concepts to the workshop’s participants. The modules include an introduction to
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RoboKar; algorithm and problem solving; basic C programming; and RoboKar pro-
gramming and debugging. An active learning approach was employed where the facil-
itator actively engages students to perform the listed modules. Six activities were de-
signed for students to apply modules’ content to solve RoboKar problems. The Ro-
boKar problem-solving activities involve algorithm design, programming, and debug-
ging. Besides the workshop, a game competition that involved RoboKar was held. The
gamification of learning approach was implemented to achieve students’ learning ob-
jectives. A track or line following mobile robot game was designed for a learning ac-
tivity. To win the game, students should prepare a C computer program to ensure Ro-
boKar follows the track and pass through all checkpoints and obstacles. Figure 4 shows
the track example used in RoboKar's problem-solving activity and game activity. Var-
ious simple and complex tracks were made for this workshop.

Fig. 4. Example of tracks

Then, Figures 5 (a) and (b) show the actual problem-solving workshop and robotic
game activities conducted. At the end of the activities, students were able to achieve
the learning objectives which are to (1) solve a simple problem with CT concepts in a
given time frame using C programming language and software development tools; and
(2) construct and develop a simple program based on C programming language which
involved variable, simple selection, loop and function concepts. These activities pro-
mote the elements aligned by CT. During the workshop, students are nurtured with CT
skills through RoboKar. This workshop instills four CT concepts during the students’
RoboKar problem-solving process, the CT concepts are problem analysis and algo-
rithm; abstraction, pattern recognition, and decomposition.

Fig. 5. Robotic programming activities
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3.3 A model for CT

Besides, there are few examples of curricular framework that suggests CT basic con-
cepts or skills in education. An example of the framework is the CT framework by
College Board created for U.S. high school course on Computer Science Principles
course in 2010. Followings are the description of the few core concepts of CT by Joke
et al [20]:

e Decomposition is the method of breaking down larger tasks into smaller and easier
tasks so that they can be understood and solved.

o Pattern recognition is the ability to recognize and see the similarities and regularities
of the subject, for example in data.

e Abstraction can be defined as the ability to filter unnecessary information and give
more focus to relevant information that defines the key ideas.

e Algorithm concept is the ability to develop one set of a procedure or step-by-step
procedure that needs to be taken to solve a problem.

In this study, we focused on four CT core skills which are (1) problem analysis and
algorithm, (2) abstraction, (3) pattern recognition, and (4) decomposition. Aside from
that, we introduced the four skills in the context of ER learning activities that have been
implemented during robotic programming workshops and game activities. Intertwining
CT and ER can be led by the development of the four skills. The problem analysis and
algorithm skill will help them in constructing instruction on how to do something step
by step to solve a problem. The students were given the task of instructing RoboKar to
detect and move on a black line track using C programming. They were taught to do a
simple flowchart to see the pre-presentation of the robot’s movement. Students had to
analyze the behavior of RoboKar and all possible problems, such as the pattern of track
and time taken for RoboKar to complete the mission.

In programming activities, high-level abstraction modules abstracted the complexity
of the RoboKar programming process by removing unnecessary detail to identify the
solution. We introduced the use of programming function and procedure to support the
abstraction concept in their problem-solving process by hiding the full complexity of
the problem. A set of pre-defined functions were introduced in their problem-solving
process to allow knowledge on robot hardware to be abstracted and ensure that students
can write programs easily and focus on solving the problem at hand.

The algorithm and programming solution developed by the students in the workshop
is aimed to be used for multiple track pattern as the different track has a different chal-
lenge. Thus, students need to identify the patterns and commonalities of the solutions
first, to see the adaptation of the solution into one problem or another problem. Decom-
position is defined as a process by which a larger task is broken down into smaller and
simpler tasks so that it can be understood and solved. A classical decomposition tech-
nique, Sense, Plan, Act [21], was introduced to enable students to decompose the com-
plex RoboKar problem into a set of simple robot behaviors and implement the simple
behaviors using C programming.
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3.4  Data collection and analysis

This study collected students’ perceptions and understanding of solving problems
based on CT concepts using RoboKar. A set of pre-and post-survey questionnaires have
been developed. The questionnaires consist of a Likert scale and open-ended questions.
The survey is based on a 4-point Likert scale that ranges from Totally Agree-4, Agree-
3, Disagree-2, and Totally Disagree-1. The main question is on the implementation of
the CT concepts when solving the programming problem. Using the statement “When
solving the problem, 1...”, the questions were divided into four elements which focus
on CT concepts, namely: (i) Construct step-by-step algorithm for problem-solving, (ii)
Abstract the unnecessary details in problem-solving, (iii) Recognize the pattern of the
problem (specifically the track pattern), and (iv) Decompose the problem. Meanwhile,
the open-ended questions were applied to identify students’ feedback on using robotic
methods in solving a problem.

A paired-samples t-test was conducted to investigate the differences in the under-
standing of the students before and after attending this two-day workshop. In measuring
the significant value (>0.05 or <0.05) of the data collected based on the Likert scale
survey, a null hypothesis, and alternative hypothesis were designed which are “HO:
There is no difference in the students understanding before and after the workshop”,
and “H1: There is the difference on the students understanding before and after the
workshop”. Besides that, this study also implemented Cronbach’s alpha technique to
measure the reliability level recommended by Peterson [22] as shown in Table 2.

Table 2. Reliability Level of Cronbach’s alpha

Reliability Level Internal Consistency Acceptance
Below 0.6 Unacceptance level
0.6-0.7 Low acceptance level
0.8-0.9 Moderate to High Acceptance
Above 0.9 High Acceptance Level

4 Result and discussion

As mentioned, paired sample t-test was used to measure the significant value for
each CT concept obtained by the two groups. The analysis showed that there is no
change for Group A. Students from Group A have learned CT before attending the
workshop. All significant values for the four concepts are greater than 0.05, thus the
null hypothesis needs to be retained whereas there is no significant difference in the
students' understanding of both concepts before and after the workshop based on Jo-
vancic’s guideline. Meanwhile, Group B shows a statistically significant increase in
pattern recognition and decomposition concepts which resulted in a p-value smaller
than 0.05 which are 0.048 and 0.009 respectively. Thus, the null hypothesis needs to be
rejected. It has been proven that the workshop helps the students understand the two
CT concepts. For the other two concepts which are algorithmic thinking and abstrac-
tion, there is no difference in the understanding of the students from Group B.
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However, from the graph analysis in Figure 6, it is observed that 4.54% of the stu-
dents responded ‘disagree’ with the statement — “When solving the problem, | construct
step by step for problem-solving”. Meanwhile, the given post-survey questionnaire
shows a decrease in the percentage of students who disagree with the statements to
2.27%. This shows a slight improvement in the student understanding but not statisti-
cally significant. Next, the observation on abstraction concept understanding in Figure
6, shows an increase in the students’ negative perception from 2.27% to 4.54%. This
indicated the students have difficulty in applying this concept in RoboKar activities.
This is due to the difficulty to introduce the abstraction concept in this short period of
time, were in this session, they only used the existing functions for hardware abstract
and do not implement their own functions in problem-solving activities. The abstraction
CT concept requires more time to understand and implement due to the technical com-
plexity in C programing language function definition, declaration, and parameter pass-
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Fig. 6. Pre- and post-survey results for Group B (N-44)

In this study, the reliability assessment was done using Microsoft Excel. Group A
and Group B obtained a high acceptance level of reliability, 0.953 and 0.902 respec-
tively, showing that the survey is considered reliable. Furthermore, based on the survey,
99% of the students gave positive feedback that robotics programming activities are
able to help them to solve problems. Even though, most of the students (60%) who
participated in the workshop are not familiar with CT concepts before, but almost all
agreed these CT concepts do help them to solve problems. Via this survey, it is proven
that CT can be taught to students by applying the robotics problem task. For instance,
students were able to solve robotics problems via the application of basic CT concepts
such as step-by-step processes and decompose problems into parts.

Figure 6 illustrates an improvement based on the difference percentage of the stu-
dents that agree before the workshop and after the workshop. The open-ended questions
feedbacks concluded that the students could identify the four core CT concepts in their
problem-solving activities. This feedback result matches with the students’ perception
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result in Figure 6. The result of the study is able to show that, nurturing CT through ER
is a good opportunity for the students to improve themselves with good skills and pre-
pare them in facing a real-problem situation. Thus, the learning can be adopted in the
future as an initiative to upgrade their skills.

Due to the pandemic situation, there are challenges for delivering the knowledge to
the students as the current learning environment has been shifted to online. Thus, an-
other consideration that needs to be taken in the future is to develop an online platform
that supports the learning CT through ER anywhere, anytime, and any place for the
students. The new norm process in learning gave the challenge in delivering the
knowledge to the students. Besides that, it is also a challenge for the researchers in
integrating the ER as a physical tool into the online platform. Thus, an ubiquitous learn-
ing environment can be considered to be implemented to cater the situation.

5 Conclusion

In this study, the integration of CT core concepts into ER was described. Implemen-
tation of the proposed method in teaching and learning activities was analyzed using
pre-and post-questionnaires done for a two days’ workshop. The aim of the workshop
is to improve students’ perception and understanding of solving the problem based on
CT concepts using RoboKar. The result shows a positive and significant impact on
students’ CT skills in pattern recognition and decomposition concepts for the group of
students with no prior knowledge of CT. For the other two CT concepts which are al-
gorithmic thinking and abstraction, it is difficult to introduce the concept in a short
period of teaching and learning sessions using ER. The analysis has explored the inte-
grated ER with digital CT learning activities and an active learning method to engage
students in problem-solving while introducing and nurturing CT skills among school
students. In future works, the authors wish to adapt the method by taking more activities
into consideration and use more precise experiments designed to control possible fac-
tors that might affect students’ learning performance.
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