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Abstract. The purpose of this project is to develop an educational platform for improv-
ing primary students’ computational thinking ability. Arducation Bot combines tangible
technology and mobile technology to create intuitively approachable teaching computation-
al thinking. The result of the Arducation Bot was tested with 177 primary school students
from Thailand. A clear pattern of improved computational thinking was demonstrated by
the pre-test and post-test scores and related data from the Arducation Bot. This project
presents a low-cost and intuitive teaching tool that can effectively develop skills in com-
putational thinking and prepare students for computer science.
Keywords: Computational thinking, Educational robotics, Tangible technology, Mobile
technology

1. Introduction. The term “computational thinking” refers to a thought process to
develop problem-solving skills that breaks down any task into smaller parts, finding pat-
terns in each problem, and then logically presenting solutions using algorithms that can be
repeated and followed. Computational thinking can help solve problems not only in com-
puter science and mathematics but also in everyday life. Given its current relevance and
importance, there is significant demand in Thailand and internationally for computational
thinking in schools starting at a young age [1-3].

The purpose of this work is to provide a way to increase computational thinking skills
by combining tangible and mobile technologies to develop a platform that is both acces-
sible and effective. The iOS mobile application delivers challenging puzzles, which are
divided into four units. Each unit teaches an important concept of computational think-
ing: sequences, loops, conditions, and conditions with loops. The Arduino-based robot
car provides a tangible medium for interaction – young students can see the results of
their thought and programming in the real world.

Tangible technology has proven to be an effective tool for children’s mental develop-
ment – mapping concrete objects to abstract reasoning such as computational thinking [4].
Existing computational thinking study curriculums such as code.org or MIT Media Lab’s
Scratch programming language often focus on creating codes on a personal computer or
laptop. Using educational robotics such as Ozobot, Lego Mindstorms, or Arducation Bot
offers the benefit of tangible technology and encourages increased collaboration among
children. To date there have been two initial versions [5,6] of the Arducation Bot. The
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purpose of the current study is to further improve the system and its integrated course-
ware to teach the target computational thinking skills even more effectively and provide
quantitative measurement of student improvement.
The organization of this paper is as follows. The background of related domains is

described in Section 2. The methodology of how to construct the hardware, software, and
courseware is illustrated in Section 3. Section 4 depicts the experimental procedures, their
results, and the discussion of this research’s significances. The conclusion and direction
for future work for this study are summarized in Section 5.

2. Literature Review. The literature can be categorized into three main project-related
headings: computational thinking, educational robotics, and courseware.

2.1. Computational thinking. The definition of computational thinking is a basic pro-
cess for solving problems. There is a six-key concept of computational thinking, with five
approaches [7,8]: (a) “logic” is reasoning that helps us explain why something happens,
(b) “algorithms” are a sequence of instructions to solve problems, (c) “decomposition”
is a process of breaking down a task into smaller pieces, (d) “patterns” are identifying
details, creating rules and solving more general problems, (e) “abstracting” is simplifying
or identifying something important without worrying about the details, and (f) “evalua-
tion” is about making estimates of an objective in a systematic way. These concepts can
improve the development of the five approaches: 1) “tinkering” is often to try something
new to discover how it works, 2) “creating” is about making and planning something,
3) “debugging” is finding and fixing errors in code or algorithms, 4) “persevering” is a
never give up attitude even though the problem is hard, and 5) “collaboration” is people
working together to develop a good environment.

2.2. Educational robotics. The field of educational robotics includes many different
facets, such as physical platforms, educational resources, and tangible technology. Robot-
ics are commonly used in educational activities to transfer academic knowledge and skills
related to Science, Technology, Engineering, and Mathematics (STEM) [9]. Educational
robotics provides a tangible way that students can easily send instructions to a robot and
have their input validation without yet having to learn syntax [10].
Active, cooperative, and problem-based learning using educational robotics and mobile

technology are suitable for both undergraduate and graduate robotics education [11,12].
Another study shows the impact of educational robotics on children’s technical, social, and
science-related skills. The study depends on a two-point measurement (pre and post-test)
to evaluate the impact, with each measurement a multiple-choice questionnaire [13].
Chang et al. believed educational robotics can help the kids in developing collabora-

tion and communication, problem-solving abilities, critical thinking skills, and creativity
among students [14]. Furthermore, teachers could completely include educational robot-
ics in the young children’s computer programming curriculum because the robots offer a
better tinkering approach than computer monitors [15]. Thus, educational robotics are
appropriate and have been practical to students of different age groups.
The arrival of educational robot use in schools has had a significant impact. For exam-

ple, Nugent et al. used the robot together with geography technology to teach students
about science, technology, engineering, and mathematics (STEM) [16]. Another study by
Alimisis used educational robotics to identify new trends and challenges that focus on
using robotics as a tool for creativity and other 21st century skills [17]. Williams et al.
studied to estimate the impact of educational robotics on high school students’ physics
knowledge and scientific investigation skills [18]. Chin et al. used educational robotics
to develop a system that provides an attractive teaching application about multimedia
objects and its effect on student performance and motivation [19]. By no means educa-
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tional robotics are the silver bullet. The tools are only as effective as the study plans and
teaching materials.

2.3. Courseware. It is a term generally used to describe educational materials. These
materials could be a kit to teach, train, or tutor the students. Most courseware is asso-
ciated with technology-based materials. The term “courseware” is commonly referred to
training for personal computers, software packages, or IT certification programs [20,21].
The followings are common courseware materials: instructor-led video or notes, self-
directed computer-based training (CBT), interactive tutorials, and live or webinar.

The courseware in [22] demonstrates how STEM-driven computer science education
supports the development of computational thinking at the high school. Well-known
examples for computer science and computational thinking are code.org and ScratchEd
[23,24] which use web delivered interfaces through which children learn how to write
code. While these exercises offer a wide range of puzzles, the programming portion re-
quires students to sit in front of their computers. This study wants to encourage the
five computational thinking approaches: tinkering, creating, debugging, persevering, and
collaboration. Playing with a tangible and mobile device in a group should encourage all
five approaches, especially collaboration.

3. Methodology. The combination of tangible and mobile technologies created particu-
larly for this project is called “Arducation Bot” [5,6]. Arducation Bot was designed to be
an educational platform for improving primary school students’ computational thinking
ability. The initial version of the platform was found to have a few difficulties in both
hardware and software. In hardware, the robot was not configurable due to all parameters
being hard-coded and the line-following sensor did not track as well as needed. In soft-
ware, the application UI was difficult to understand. This section describes the technical
aspects of Arducation Bot and more generally, project implementation.

3.1. Hardware. The components of the robot include an Arduino UNO R3, three IR
sensors, an ultrasonic sensor, an L298n motor driver, two DC motors, an HM-10 Bluetooth
BLE module, and a 3.7V li-ion battery. Everything is placed on a plastic frame, with
the motor shafts serving as axels for the wheels. The circuit diagram is shown in Figure
1. The Arduino provides control and processing power for the robot. The two types of
sensors, ultrasonic and IR, provide input feedback. The motors, controlled by the L298,
provide physical actuation. Bluetooth provides communication between the robot and
the iOS application.

3.2. Software. Two kinds of software have been developed for Arducation Bot: Arduino
and Swift. The two main functions are to control the robot and to communicate with an
iPad. The Swift-based iOS application provides an interface between the user and the ro-
bot. The user’s commands are sent from an iPad to the Arduino board through Bluetooth
communication. The communication flow starts by the robot sending a “ready” message
to the iPad indicating the robot’s readiness to receive a command. The iPad sequentially
sends commands to the robot, one at a time. After the robot finishes processing each
individual command, it will send another “ready” message in order to receive the next
command. Some commands are related to movement and others are related to obtaining
information from the robot. For example, informational commands ask the robot if there
is an obstacle in front of the robot. The puzzles and the interface in the iOS application
styled after the curriculum and online sessions used by code.org. The target users of this
platform are pupils above seven years of age. The UI/UX was designed to be intuitive
and interactive, with users dragging and dropping the commands into the workspace as
shown in Figure 2.
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Figure 1. The Arducation Bot circuit diagram. Its components include an
Arduino UNO R3, three IR sensors, an ultrasonic sensor, an L298n motor
driver, two DC motors, and an HM-10 Bluetooth BLE module.

Figure 2. iOS application

The application starts the children off with a simple puzzle that explains basic com-
mands to control the robot. The application contains twenty different puzzles, divided
into four units of increasing complexity. The first unit requires the children to understand
sequencing. The second unit teaches the concept of loops. The third unit is about condi-
tionals. The fourth unit is a combination of a loop and a conditional. The design of the
puzzles is explained in the courseware section below.
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3.3. Courseware. Arducation Bot is modeled on concepts and designs shared by many
online courses with block programming. The Arducation Bot platform consists of four
units, each covering one topic with a series of target concepts, and the teaching of each
target concept is built around one puzzle. The four units are Sequencing, Loops, Condi-
tions, and Conditions with loops. In Unit 1 (Sequencing), children learn the concept of
sequencing an activity into steps. In this unit, they also learn the basic commands and
movements of the robot. In Unit 2 (Loops) children learn the concept of using a loop to
repeat a procedure in order to accomplish a goal. In Unit 3 (Conditions) children learn
the concept of expressing instructions based on a condition, using “If” and “Then”. For
example, “IF you meet an obstacle THEN turn left, but if you do not meet an obstacle,
then continue straight”. In this unit, the children learn how to divide a big problem into
a sequence of smaller tasks. In the above example, there are three such smaller tasks: 1)
check if there is an object, 2) if there is an object turn left, and 3) if there is no object,
continue forward. Finally, in Unit 4 (Conditions with loops) children learn to combine
the two concepts of If Conditions and Loops in order to reach a goal.

Children must learn various commands and think about the algorithm to solve these
puzzles because there is a limit number of commands in each puzzle. For example, the
first puzzle requires only two commands to solve. The loop concept is introduced with
a puzzle that uses commands. Another concept that Arducation Bot uses to design
and improve children’s skills is the conditional puzzle. This puzzle uses the conditions
command when meeting the obstacles then stop. Three examples of puzzles shown in
Figure 3 illustrate the different themes. The design of all puzzles incrementally reveals
the children’s computational thinking concept as explained in the literature review section.

Figure 3. Examples of Arducation Bot: (left) the first puzzle, (middle)
loop puzzle, and (right) condition puzzle

4. Result and Discussion. The Arducation Bot was tested in June 2019 with students
from various primary schools (mostly around Phitsanulok, a provincial city in Thailand)
during a one-day event called Computational Thinking for Kids, which was held four
times, twice at Naresuan University and twice at St. Nicholas School in Phitsanulok.
Each day, the students were split into ten groups, with four or five students in each group.
Computational Thinking for Kids had two main sessions each day, called Unplugged (in
the morning) and Arducation Bot (in the afternoon). At the beginning of the day, each
student took a pre-test, and at the end of the day, they took a post-test. Data was collected
from these two tests and processed to evaluate the difference in the computational thinking
skills of each student before and after participating in the one-day event. The results are
shown in Table 1.

This data was derived from a total of 177 students participating over the course of the
four days. It is known that students at Events 2 and 3 had never studied computational
thinking before, but Events 1 and 4 may have included some students who had studied
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Table 1. Testing events and statistical analysis of the pre-test and post-
test out of 10 points where x̄ is the students’ average score for each age
group and σ is a standard deviation of the test scores

Event
No.

Participating
students (Age)

Students
count

Pre-test
score

Post-test
score

x̄ σ x̄ σ
1 Grade 1-6 (6-12) 46 5.64 2.72 7.25 2.16
2 Grade 2-3 (7-8) 50 4.7 1.19 6.95 1.82
3 Grade 4-5 (9-10) 50 3.62 1.83 5.98 2.54
4 Grade 1-6 (6-12) 31 5.48 2.82 7.6 1.69

177 4.86 2.14 6.95 2.05

computational thinking previously. Looking at the mean points from the students’ pre-
tests and post-tests, the post-test scores were clearly improved, with a 43 percent increase
over the pre-test scores. Standard deviations were 2.14 for the pre-test and 2.05 for the
post-test.
The time required by each student to solve each puzzle was recorded in the iOS appli-

cation. The puzzles are divided into four units: 1) Sequencing, 2) Loops, 3) Conditions,
and 4) Conditions with loops. By solving these puzzles, the student should obtain com-
putational thinking skills. The skills are in logic, decomposition, algorithms, abstraction,
patterns, and evaluation. Each of the twenty puzzles requires the student to figure out one
or more correct algorithms to move the robot from a starting point to a finishing point.
When the student thinks they have figured out the correct algorithm(s) of the puzzle they
are working on, they push the Run button. Then the robot will move according to their
instructions (algorithms). However, if their algorithms are wrong, the student is informed
and asked to try again. In order to understand how the Arducation Bot platform improves
a student’s computational thinking skills, the time required by each student to correctly
answer each puzzle was automatically recorded. Figure 4 summarizes the average time
(of all 177 students) spent correctly answering each of the 20 puzzles.
Interestingly, Units 1, 3, and 4 follow a similar pattern in Figure 4. In each of these

three units, the student gradually used relatively more time per question at the start
of the unit and relatively less time per question at the end of the unit. Only Unit 2

Figure 4. The average time required to successfully finish each puzzle
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did not show this pattern. Since all the questions within one unit were approximately
equally difficult, the shorter answering times as the unit progresses seems to show a clear
improvement in the student’s ability to understand the concepts in that unit. However,
it is unclear why unit 2 did not follow the same pattern.

It should also be pointed out that conditions varied on four different test days. During
the two test sessions at St. Nicholas School, students were on their home turf so to
speak and being supervised by their regular teachers. Therefore, the students tend to be
relatively well behaved. On the other hand, during the two other test sessions at Naresuan
University, students were visiting the campus to attend and were surrounded by a new
environment full of novel stimuli; thus they tended to be relatively less behaved and less
focused on the task at hand. However, when the test results from the two locations are
separated and compared, the results are strikingly similar to each other, as seen below
in Figure 5. This similarity of outcome even in two different settings and atmospheres
suggests that the test is valid and meaningful. The Arducation Bot platform successfully
improved the students’ computational thinking skills, enabling them to better understand
and solve various computational tasks.

Figure 5. The average time required to successfully finish each puzzle at
two different locations: (left) at the student’s own school and (right) at
Naresuan University

5. Conclusions. This study developed a tangible tool that utilizes mobile technology
to create an educational platform in computational thinking. The results from 177 pri-
mary school students who participated in the Computational Thinking for Kids event
have shown the potential of this courseware platform. A clear pattern of improved com-
putational thinking was demonstrated by the pre-test and post-test scores and related
data from the Arducation Bot. This platform presents a low-cost and intuitive teaching
tool that can effectively develop skills in computational thinking and prepare students for
computational thinking and computer science skills. To further prove the effectiveness of
this proposed study, a comparison with extant pedagogical programs for computational
thinking is needed. Furthermore, to broaden the impact of this study, the researchers
are planning these two parallel efforts: the open-source hardware distribution for low-cost
and the integration into classroom curriculums.
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