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ABSTRACT 

  

The purpose of this study is to design, implement, and test the feasibility of 

an educational platform for primary students' computational thinking learning. The 

Arducation Bot combines tangible technology and mobile technology to create 

intuitively approachable teaching computational thinking. The Arducation Bot system 

was tested with 177 primary students from Phitsanulok 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 low-cost and intuitive teaching tool can 

potentially develop skills in computational thinking and prepare students for computer 

science. 
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Chapter 1 

Introduction 

1.1 Introduction 

The term “computational thinking” refers to a thought process to develop 
problem-solving skills that can be taught and learned. This method of thinking breaks 

down any task into smaller parts, finding patterns in each problem, and then logica lly 
presenting solutions using algorithms that a machine could follow. 
 Computational thinking is what a software developer uses to develop programs. 
Not only computational thinking helps solve problems in computer science and 
mathematics but also in everyday life. Given its current relevance and importance, there 

is much demand in Thailand for teaching computational thinking in schools starting at 
a young age (Reeve, 2013).  One focus of the Thai government’s current “Thailand 4.0” 

policy is to foster a “Learning Society”, which involves moving away from a learning 
style that is standardized and based on duty in favor of a learning style that is 
personalized and based on passion. Thailand's current national education plan (2017-

2036) designates the following as skills required for the 21st century: critical thinking, 
problem-solving, cross-cultural communication, collaboration, leadership, 

communication, information and media literacy, computing, ICT literacy, career 
learning, and compassion (Council., 2017). 
 Recognizing the importance of computational thinking as a critical component 

for achieving these essential skills, the Ministry of Education has promoted the teaching 
of computational thinking at an early age. To that end, Thailand has introduced 

computational science as a compulsory subject in both the primary and secondary 
curricula of the country’s school system. The Institute for the Promotion of Teaching 
Science and Technology (IPST) has created a new curriculum called "Computationa l 

Science" for Thai students in primary and secondary schools. The National Science and 
Technology Development Agency (NSTDA), another Thai government agency, has 

developed a hardware system called "Kid Bright" (NECTEC, 2018) as a tool for 
students to learn to code at school. Clearly interest in teaching computational thinking 
has steadily increased within the last few years. 

 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 

accessible and effective. The mobile application in this study is an iOS application that 
delivers challenging puzzles, which are divided into four units, with each unit teaching 
an important concept of computational thinking: sequences, loops, conditions, and 

conditions with loops. The tangible technology here is an Arduino-based robot car that 
young students can hold in their hands and play within an experimenting way. To date 

there have been two initial versions (T Phetsrikran, Massagram, & Harfield, 2017; 
Titiphan Phetsrikran, Massagram, Phoka, & Harfield, 2018) of Arducation Bot. The 
purpose of the current study is to further improve the Arducation Bot and its integrated 

courseware beyond the initial versions (T  Phetsrikran, Harfield, Charoensiriwath, & 
Massagram, 2021). Specifically, this study will overhaul and improve the existing 

courseware to teach the target computational thinking skills even more effectively, and 
measure student improvement in a reliable quantitative way. 
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1.2 Objectives 

The purposes of the study are:  
- To create an easily accessible platform with comprehensive courseware to teach 

computational thinking skills via mobile technology and tangible technology 

- To evaluate children's computational thinking skills via mobile technology and 
tangible technology 

 

1.3 Scopes 

This study will cover the following: 

- Implementing the mobile application and tangible technology platform for 
teaching computational thinking in children. 

- Establishing comprehensive courseware to increase children’s computationa l 

thinking skills. 
- Evaluating the performance of the platform and courseware 

 
 
1.4 Definitions 

1.4.1 Computational Thinking  

Computational Thinking (Dek-D., 2017) is a problem-solving process based 
on logic, sequencing, data analysis, and the step-by-step solutions, as well as digesting 
problems that help with complex problems. Computational thinking is essential to 

developing applications for computers. This way of thinking can also help solve 
problems in various subjects. By integrating computational thinking through courses, 

children will see the relationship between each subject and be able to apply these skills 
to real-life problems. 
 

 1.4.2 Educational Robotics  

Educational robotics (Wikipedia, 2020a) is a teaching of robot design, 

analysis, application, and operation; and can be taught from primary school to graduate 
programs. The robot’s major function is to stimulate and help the teaching of other 

fundamental topics, e.g., computer programming, artificial intelligence, or engineer ing 
design. 
 

 1.4.3 Tangible Technology  

Tangible Technology (Wikipedia, 2020f) or "tangible user interface (TUI)" 

is the user interface where humans interact with digital information via the physical 
environment. The goal of TUI development is to enhance collaboration, learning, and 

design by giving physical models to digital information. Thus, taking advantage of the 
human potentiality to catch and handle physical objects and stuff. 
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1.5 Benefits 

- Understand how to create a learning platform to teach computational thinking. 
- Increase knowledge and ability of children's computational thinking skills to 

mobile and tangible technology. 
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Chapter 2 

Literature Review 

This study is divided into three main topics: computational thinking, 

educational robotics, and courseware. Chapter 2 addresses background and literature 
review of each topic as follows. 

 
2.1 Computational Thinking 

J.M. Wing claims in her study that anyone can benefit from thinking 
computationally. Computational thinking will be a fundamental skill similar to reading, 
writing, and arithmetic; and will be used by everyone by the middle of the 21st Century 

(Jeannette M. Wing, 2014). The definition of computational thinking is a basic process 
for solving problems. This skill is required for programmers and computer scientis ts 

(Jeannette M Wing, 2006). Six key concepts of computational thinking and five 
approaches (Barefoot, 2014; BBC, 2017)  are listed below: 

1. Logic is reasoning that helps us explain why something happens. 

2. Algorithms are a sequence of instructions to solve problems. 
3. Decomposition is a process of breaking down a task into smaller pieces. 

4. Patterns are identifying details, creating rules, and solving more general 
problems. 

5. Abstracting is simplifying or identifying something important without worrying 

about the details. 
6. Evaluation is about making estimates of an objective in a systematic way. 

These concepts can improve the development of the five approaches which are: 
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. 

5. Collaboration is people working together to develop a good environment. 
 

However, the common definition of computational thinking has some shortcomings 

and challenges. Peter J. Denning has already pointed out that the common definition is 
overly vague. He also claimed that computer scientists are worried about the confusion 

between computational thinking and computer science (Denning, 2017; Tedre & 
Denning, 2016). Computational thinking describes a small part of computer science. 
These shortcomings and challenges are valid and should be discussed in any computer 

science course. Nevertheless, computational thinking may be small but critical and must 
be learned. 

 
2.2 Educational robotics 

 Educational robots familiarize children of all ages and help their knowledge of 
robots. In this section, the background of educational robotics is divided into 2 parts: 
fundamental of robotics and review of educational robotics. 
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2.2.1 Robotics 

 Robotics is a science and technology that is the integration of computer science 
and engineering. The aim of robotics is to design intelligent machines that can assist 
humans in their daily work, ensuring the safety of human work (Wikipedia, 2020d). 

The robots are divided into 6 types (Wikipedia, 2020c): 
1. Mobile robots have the ability to move around in their environment and not be 

fixed at a position, e.g., an automatic guided vehicle (AGV). 
2. Industrial robots used for manufacturing. Industrial robots are fully automated, 

programmable, and can move in three or more axes. 

3. Service robots-semi-automated or autonomous to provide services beneficial to 
the well-being of humans and equipment, except for production. 

4. Educational robots teach design, analysis, application, and operation of robots. 
Robots are made up of articulated robots, mobile robots, or autonomous 
vehicles. 

5. Modular robots are a new generation of robots designed to increase robot 
utilization by creating a modular architecture. 

6. Collaborative robots can safely and effectively interact with a human while 
working easy industrial tasks. 

 

2.2.2 Research on educational robotics 

 The field of educational robotics includes many different facets, such as 

physical platforms, educational resources, and tangible technology. Educationa l 
robotics are commonly used in educational activities to transfer academic knowledge 

and skills related to Science, Technology, Engineering, and Mathematics (STEM) 
(Bargagna et al., 2019). Educational robotics provides a tangible way that students can 
easily send instructions to a robot then have their input validation without yet having to 

learn syntax (Shim, Kwon, & Lee, 2016). 
 The education illustrated the integration of educational robotics into the 

undergraduate computer science curriculum by using mobile robotics related to 
computer vision (Cielniak, Bellotto, & Duckett, 2012). There is a study that presented 
a finding which indicated that active, cooperative, and problem-based learning using 

mobile technology was suitable for both undergraduate and graduate robotics education 
(Riek, 2012). 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) and practical a multiple-choice questionnaire to 
evaluate the impact (Kandlhofer & Steinbauer, 2016). 

 Chang et al. believe educational robotics can help the kids in developing 
collaboration and communication, problem-solving abilities, critical thinking skills, 

and creativity among students (Chang, Lee, Chao, Wang, & Chen, 2010). Furthermore, 
teachers could completely include educational robotics in the young children’s 
computer programming curriculum because the robots offer a better tinkering approach 

than computer monitors (Bers, Flannery, Kazakoff, & Sullivan, 2014). Thus, 
educational robotics are appropriate and have been practical to students of different age 

groups. 



 6 

 
Figure  1 Lego Mindstroms 

 

The state of the art for educational robotics during the first decade of the century 

usually focused on programming the robot from a personal computer. The most 
prominent example of such a system is the Lego Mindstorm, shown in Figure 1 (Lego, 

2018). On the other hand, there are mobile applications such as Robot School (Great, 
2015) and Swift Playgrounds (Apple, 2018), shown in Figure 2, where virtual robots 
are programmed and controlled instead of physical ones. Finally, with recent advances 

in technology, there are applications like Tickle (Tickle Labs, 2017), shown in Figure 
3, which uses a block programming environment on an iPad to program physical robots, 

drones, and LEGO devices. 
 

 
Figure  2 Robot school (left) and Swift playground (right). 

 

 

Figure  3 The Tickle app. 
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However, the arrival of educational robot use in schools has had a significant 
impact. For example, Nugent et al. used the robot together with geography technology 

to teach students about science, technology, engineering, and mathematics (STEM) 
(Nugent, Barker, Grandgenett, & Adamchuk, 2010). Another study by Alimisis et al. 

used educational robotics to identify new trends and challenges that focus on using 
robotics as a tool for creativity and other 21st century skills (Alimisis, 2013). Williams 
studied to estimate the impact of educational robotics on high school students' physics 

knowledge and scientific investigation skills (Williams, Ma, Prejean, Ford, & Lai, 
2007). Chin et al. study developed an educational robot-based learning system that 

provides an attractive teaching application that combines multimedia objects with an 
educational robot. He examined the effect of the present learning system on student  
performance and motivation (Chin, Hong, & Chen, 2014). By no means educationa l 

robotics are the silver bullet. The tools are only as effective as the study plans and 
teaching materials. 

 
2.3 Courseware 

A courseware is generally used to describe educational materials. It could be a 
kit to teach, train, or tutorial the student most courseware is associated with technology-
based materials. The term “courseware” is commonly referred to training for personal 

computers, software packages, or IT certification programs (Group, 2018; Rouse, 
2018). Here are common courseware materials: 

- instructor- led video or notes. 
- self-directed computer-based training (CBT). 
- interactive tutorials. 

- live or webinar. 
There are several available coursewares that promote computational thinking. 

The courseware in (Burbaitė, Drąsutė, & Štuikys, 2018) demonstrates how STEM-

driven computer science (CS) education supports the development of computationa l 

thinking at the high school. In Thailand, a robotic training workshop was set up to 

promote computational thinking processes for the pre-engineering students (Hutamarn 

et al., 2017). The most famous courseware for computer science and computationa l 

thinking is code.org (Code.org, 2017; Kalelioğlu, 2015) where children learn how to 

write a code through a web application. The problems in code.org generally use famous 

children’s characters to narrate and teach each concept.  This non-profit organiza t ion 

was first created to promote CS in K-12 students. While code.org offers a wide range 

of activities (both online and unplugged), the programming portion requires students to 

sit in front of their computers.  This study wants to encourage the five computationa l 

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.   Gagne (instructionaldesign.org, 2018), an 

educational psychologist, in the 1960s, proposed nine important instructional design 

principles: 

- gaining attention (reception). 
- informing learners of the objective (expectancy). 
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- stimulating recall of prior learning (retrieval). 
- presenting the stimulus (selective perception). 

- providing learning guidance (semantic encoding). 
- eliciting performance (responding). 

- providing feedback (reinforcement). 
- assessing performance (retrieval). 
- enhancing retention and transfer (generalization). 

These principles could be translated and applied to a modern-day learning 
environment. Today’s courseware, according to (Penfold, 2016) should grab attention, 

present information, provide feedback, and enhance retention and transfer. The 
development of this study courseware will need to adhere to these principles. 
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Chapter 3 

Methodology 

The combination of tangible and mobile technologies created particularly for 

this study is called “Arducation Bot”, based on the work of (T Phetsrikran et al., 2017; 
Titiphan Phetsrikran et al., 2018). Arducation Bot was designed to be an educationa l 

platform for improving primary school students’ computational thinking ability. the 
previous version of the platform was found to have a many problems in both hardware 
and software as shown in Table 1. This section describes the technical aspects of 

Arducation Bot and, more generally, study implementation. 
 

Table  1 Lists of the problem of the Arducation Bot from the previous version. 
 

Hardware Software 

1. The robot did not walk in a 

straight. 
2. The motor driver did not have 
enough power. 

3. The batteries did not long life. 
4. The Bluetooth was difficult to 

connect. 

1. The commands were difficult to 

understand. 
2. The application didn't know the 

status of the robot than 

connected  
3. The application did not record 

answers and the time to solve 
each problem. 

4. The UI was difficult to 

understand. 
 

3.1 The specific history of the Arducation Bot 

The roots of this current study began as an undergraduate study of the current 

author (T Phetsrikran et al., 2017), and the goal was to create a platform for teaching 
programming using a robot and an iPad rather than just a computer.  In the beginning, 

the authors developed software to send commands to the robot, with communica t ion 
between the software and the robot taking place via Bluetooth. Initial trials of the 
Arducation Bot prototype were conducted at St. Nicholas High School in Phitsanulok 

City, Thailand.  The prototype was used to show students how mobile technology and 
educational robotics can be used to teach computational thinking in school. Initial trials 

of the Arducation Bot prototype showed that the use of mobile technology opens up 
alternative forms of interaction in the classroom that has the potential for highly 
collaborative activities. Figure 4 shows the first version of the Arducation Bot 

application and circuit diagram. 
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Figure  4 The initial version of the Arducation Bot application and circuit diagram. 

 
After the first prototype was developed, areas for potential improvement and 

expansion were identified after reviewing students’ comments on their experiences 

using the prototype.  Additional ideas for improving on the first version came from a 
further reading of previous research in computational thinking and educational robotics.  

The second version of Arducation Bot was thus developed as part of the current 
author’s master’s degree program.  In the hardware, the first modification was to 
improve the robot’s ability to move in a straight line. Other modifications to the 

components and structure of the robot included improving communication between the 
Bluetooth module and the iPad, enhancing the power of the motor driver, and 

lengthening the maximum battery life.  
The software improvements for the second version of Arducation Bot included 

a redesign of the user interface to make it more intuitive and user friendly as well as the 

addition of functionality to record and report student input/responses and the time 
required to solve each puzzle. The completed second version of the Arducation Bot 

application and circuit diagram are shown in Figure 5. This second version was tested 
in 2018 with 180 high school students from Thailand and Japan at Chulabhorn High 
School in Phitsanulok City, Thailand.  Results from that testing were then presented at 

the 2018 International Computer Science and Engineering Conference (ICSEC) held in 
Chiang Mai, Thailand (Titiphan Phetsrikran et al., 2018). The version two test results 

are shown in Figure 6.  
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Figure  5 The second version of the Arducation Bot application and circuit diagram. 

 

Figure  6 Results of Arducation Bot version two testing. 
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The newest version of Arducation Bot described in the current study is version 
three.  Version three reflects further improvements in the design of the application and 

courseware. Specific details of these latest changes are explained in the following 
Hardware, Software, and Courseware section respectively. 

 
3.2 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 axles for the wheels. The circuit diagram is shown in Figure 7. 
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 the components of the robot are shown in Table 2. 

 
Table  2 List of components for one Arducation Bot and their cost. 

 

Name Image Quantity Price 

Arduino UNO R3 

 

1 250 Baht 

Motor driver L298n 

 

1 115 Baht 

Bluetooth HM-10 (BLE) 

 

1 200 Baht 

HY-SRF05 ultrasonic 

sensor 

 

1 75 Baht 

TCRT5000 infrared 
sensor 

 

3 135 Baht 
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PCB board 

 

1 12 Baht 

Robot car chassis with 2 
DC motor 

 

1 250 Baht 

Ultrafire 18650 3.7V 

6800 mAh 

 

3 150 Baht 

18650 3 battery tough 

 

1 
25 Baht 

 

 1,212 Baht 
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Figure  7 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. 

 

3.3 Rotary Encoder and PID Controller 

During the course of improving the robot, rotary encoder and PID controller 
were studied as an option to assist the accuracy of the robot locomotion. This section 

explains the background of the two topics. 
 

3.3.1 Rotary Encoder 

The Rotary Encoder is a sensor that encodes the distance from its rotation 
and converts it into code in an electrical signal. These codes can be converted back to 

the desired values, i.e., if you want to measure distance, must be connected to a counter 
to display the distance. The display is the speed of RPM (Rotation Per Minute) based 

on the encoded signal to the electrical signal. It can divide a variety of encoding formats 
such as digital signals 0 and 1 or Binary Code and Gray Code (Wikipedia, 2020e). 

 

3.3.2 PID Controller 

PID (Proportional–Integral–Derivative) Controller normally used in a 

feedback control system. The values used in the calculation are the error values derived 
from the differences of the process variables and the desired values. The controller tries 

to minimize the error value by adjusting the process input signal (Wikipedia, 2020b). 
PID is dependent on three variables: Proportional, Integral, and Derivative. The PID 
Controller is a combination of the three variables according to (1). 

 
𝑀𝑉(𝑡)  =  𝑃𝑜𝑢𝑡  +  𝐼𝑜𝑢𝑡  + 𝐷𝑜𝑢𝑡    (1) 
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  where 𝑃𝑜𝑢𝑡, 𝐼𝑜𝑢𝑡 , and 𝐷𝑜𝑢𝑡 are the results of the output process from the PID 

controller. Each term is defined as described below. 
 

a) Proportional (P) 

   The proportional will change to the proportion of the error value. 

The proportional response can be obtained by multiplying the error by the constant Kp, 
also known as the proportional gain, as explained in (2). 
 

𝑃𝑜𝑢𝑡 = 𝐾𝑝𝑒(𝑡)  (2) 

 

where 𝑃𝑜𝑢𝑡 is the output of the proportional. 

 𝐾𝑝 is the proportion gain which is adjustable. 

 𝑒  is the error value = r(t) - y(t). 

 𝑡  is the time. 

 
   The higher the proportional gain, the more change in error value. 
If it is too high, the system will become unstable. In contrast, the lower the proportio nal 

gain, the less response. 
 

b) Integral (I) 

   Integrals are the proportions of the error size and the duration of 

the error. It is the sum of the errors in every moment. Integral of error gives the 
cumulative offset that should have been in the previous. The cumulative error is 
multiplied by the integral gain. The size of the integral term is determined by the 

integral gain (Ki) in (3). 

𝐼𝑜𝑢𝑡 = 𝐾𝑖 ∫ 𝑒(𝜏) 𝑑𝜏 
𝑡

0
  (3) 

 
where 𝐼𝑜𝑢𝑡  is the output of the integral. 

 𝐾𝑖 is the integral gain which is adjustable. 

 𝑒 is the error value = r(t) - y(t). 

 t is the time. 
 𝜏 is the integral variable. 

 
The integral accelerates the process to the desired point and 

removes residual errors by the use of proportional. However, integrals are in response 

to increased errors in the past and thus can overshoots. 
 

c) Derivative (D) 

   The derivative is the rate of change of the process error that is 

calculated by the slope of the error every time and multiplied by the size of the Kd 
derivative. The magnitude of the derivative depends on the expansion rate of the Kd 
derivative in (4). 

𝐷𝑜𝑢𝑡 = 𝐾𝑑
𝑑𝑒(𝑡)

𝑑𝑡
  (4) 
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where 𝐷𝑜𝑢𝑡 is the output of the derivative. 

 𝐾𝑑 is the derivative gain which is adjustable. 

 𝑒 is the error value = r(t) - y(t). 
 t is the time. 

 
The derivative slows the rate of change of the control system's 

output, and with this effect it allows the control system to reach the desired point. 

Therefore, the derivative is used to decrease the size of the overload by the integral and 
improve the stability of the control system combination. However, the noise derivative 

in the control system is very sensitive to the infestation in the fault and can destabilize 
the process if the noise and differential gain is large enough. 

 

  The Proportions, Integrals, and Derivatives are combined to be the 
output u(t) of the PID controller. The final equation of the PID as shown in (5) and 

Figure 8. 
 

𝑢(𝑡)  = 𝑀𝑉(𝑡)  =  𝐾𝑝𝑒(𝑡)  +  𝐾𝑖 ∫ 𝑒(𝜏) 𝑑𝜏
𝑡

0
 + 𝐾𝑑

𝑑𝑒(𝑡)

𝑑𝑡
   (5) 

 

 
Figure  8 PID controller block diagram r(t) is a setpoint and y(t) is a process 

variable. 
 

However, the PID controller theory was applied to improve the robot’s 
locomotion stability. The encoder was installed on the motor. Motor speed encoder is 
used to measure the distance of one rotation as shown in Figure 9. This method can 

check the rotation and measure the distance. 

 
Figure  9 Lm393 Motor Speed Encoder 
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While using a normal DC motor with an encoder, it is difficult to control the 
rotation of both wheels in the same position. One solution is a motor with an encoder 

as shown in Figure 10. Using an encoder and a PID controller can solve the problem of 
spinning wheels in the same position and making the robot go straight. As the distances 

grow, the accumulative errors persist. Using a PID controller and a motor with an 
encoder can provide a better control over the direction of the robot. Maung et al. have 
used a DC geared motor with a PID controller to control the angular position of the 

motor and showed that the PID output is accurate to achieve the desired angle. This 
stability performance by using a PID controller can be applied to various control 

systems (Maung, Latt, & Nwe, 2018) and could present a major valuable improvement 
for this study. 

 

 

Figure  10 Gear motor with encoder DC 12V. 

 
The author tried to apply the encoder and PID controller. This method can 

decrease the robot's errors to a certain extent, but sometimes the robots walk off the 

track. Additional IR sensor was installed to improve the “follow the line” algorithm ; 
however, Artyatha et al. (Artyatha, 2019) were able to achieve this functionality using 

the same principles. 
 
3.4 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 
robot. 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 sends single 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, conditional commands 
ask the robot if there is an obstacle in front of the robot. The flowchart in Figure 11 also 
shows the algorithm between the Arduino and the iPad. 
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Figure  11 Flowchart of Arduino (right) and swift (left) programs. 

 

The puzzles and the interface in the iOS application were modified from the 

curriculum and online sessions acquired through code.org. The target users of this 
platform are pupils above seven years of age. The UI/UX was designed to be intuit ive 

and interactive, with users dragging and dropping the commands into the workspace. 
As shown in Figure 12, the application starts the children off with a simple puzzle that 
explains basic commands to control the robot. The application contains twenty different 

puzzles, divided into four units of increasing difficulty. The first unit requires the 
children to understand sequencing. The second unit teaches the concept of loops. The 

third unit is about conditionals. 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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Figure  12 The iOS Application 

 

3.5 Courseware 

Arducation Bot is modeled on concepts and designs shared by many online 
courses. For example, two well-known online education websites are code.org and 

ScratchEd (https://scratched.gse.harvard.edu). Code.org (Code.org, 2017) is an online 
course in computer science. ScratchEd (Brennan, 2007) is an online education 

community where educators share their teaching experiences and methodologies, and 
it is not limited to computer science. Similar to the goals of these two websites, the 
Arducation Bot has been created to provide children with a course that teaches and 

improves computational thinking skills, skills which will help them learn computer 
science. 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, as seen in Table 3. 
 

Table  3 Structure of the Arducation Bot 

 

   Concepts Taught in Each Puzzle 

Unit 

No. 

Unit 

Topic 
Puzzles Logic 

Algorit

hm 

Decom

position 
Patterns 

Abstrac

tion 

Evalua

tion 

1 
Sequen

cing 

Seq1 ✓ ✓   ✓ ✓ 

Seq2 ✓ ✓   ✓ ✓ 



 20 

Seq3 ✓ ✓   ✓ ✓ 

Seq4 ✓ ✓   ✓ ✓ 

Seq5 ✓ ✓   ✓ ✓ 

Seq6 ✓ ✓   ✓ ✓ 

Seq7 ✓ ✓   ✓ ✓ 

2 Loops 

Loop1 ✓ ✓  ✓ ✓ ✓ 

Loop2 ✓ ✓  ✓ ✓ ✓ 

Loop3 ✓ ✓  ✓ ✓ ✓ 

Loop4 ✓ ✓  ✓ ✓ ✓ 

Loop5 ✓ ✓  ✓ ✓ ✓ 

Loop6 ✓ ✓  ✓ ✓ ✓ 

Loop7 ✓ ✓  ✓ ✓ ✓ 

3 
Condit
ions 

If1 ✓ ✓ ✓  ✓ ✓ 

If2 ✓ ✓ ✓  ✓ ✓ 

If3 ✓ ✓ ✓  ✓ ✓ 

4 

Condit
ions 

with 
Loops 

If-loop1 ✓ ✓ ✓ ✓ ✓ ✓ 

If-loop2 ✓ ✓ ✓ ✓ ✓ ✓ 

If-loop3 ✓ ✓ ✓ ✓ ✓ ✓ 

 
The four units are Sequencing, Loops, Conditions, 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". 

This concept divides 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. 3)  If there is no object, continue forward.  Finally, Unit 4 
(Conditions with Loops) children learn to combine the two concepts of Conditions and 
Loops in order to reach a goal. 
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Children must learn various commands and think about the algorithm to solve 
these puzzles because there is a limited 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 Appendix A illustrate the different themes. The design of all puzzles 

incrementally reveals the children's computational thinking concept as explained in the 
literature review section. 

All three versions of the Arducation Bot were developed for the same purpose 
to improve your children's computational thinking skills. Developing from the first 
version to the latest version has always been a problem. Therefore, Arducation Bot 

latest version fixed and improved problems from versions one and two as shown in 
Table 4. 

 
Table  4 Lists of the problem of the robot were improved from the first version to the 
latest version. 

 

Problems First Version Second Version Latest Version 

Robot walk-straight × ✓ ✓ 

Bluetooth × ✓ ✓ 

Courseware × ✓ ✓ 

Design × × ✓ 

Components × × ✓ 
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Chapter 4 

Results and Discussion 

4.1 Experiment  

 

Figure  13 Testing of Arducation Bot at the Computational Thinking for Kids 
 

The Arducation Bot was tested during four days in June 2019, as seen in Figure 
13 with students from various primary schools (mostly near Phitsanulok City) 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 City, as 
shown in Table 4. 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, as shown 

in Appendix B, 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 4. 
 
Table  5 Testing events and statistical analysis of the pre-test and post-test 

 

Event 

No. 
Date Location 

Participating 

Students (Age) 

Student 

Count 

Pre-test 

score 

Post-test 

score 

�̅� 𝝈 �̅� 𝝈 

1 3-June-19 
Naresuan 

University 
Grade 1 - 6 (6 - 12) 46 5.64 2.72 7.25 2.16 

2 4-June-19 St. Nicholas Grade 2 - 3 (7 - 8) 50 4.7 1.19 6.95 1.82 

3 5-June-19 St. Nicholas Grade 4 - 5 (9 - 10) 50 3.62 1.83 5.98 2.54 
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4 
15-June-

19 
Naresuan 
University 

Grade 1 - 6 (6 - 12) 31 5.48 2.82 7.6 1.69 

 
177 4.86 2.14 6.95 2.05 

 
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 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 

application. The puzzles are divided into four units: Sequencing, Loops, Conditions, 

and Conditions with Loops. By solving these puzzles, the student should obtain 
computational thinking skills. The skills are in logic, decomposition, algorithms, 

abstraction, patterns, and evaluation. Table 5 shows the Arducation Bot units, unit 
topics, and corresponding puzzles.   

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 instruct ions 
(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 14 summarizes the average time (of 
all 177 students) spent correctly answering each of the 20 puzzles  
 

Table  6 The time required to solve each puzzle from 177 students. 
 

Units Topic Puzzles. No. Avg time S.D. 

1 Sequencing 

1 15.99 11.74 

2 10.62 4.91 

3 6.45 3.53 

4 6.51 2.71 

5 5.21 2.17 

6 5.56 1.89 
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7 5.71 2.01 

2 Loops 

8 22.76 13.63 

9 15.01 9.20 

10 22.96 12.22 

11 16.13 7.83 

12 20.65 10.17 

13 10.43 4.26 

14 7.35 3.99 

3 Conditions 

15 11.46 5.64 

16 9.00 4.53 

17 8.02 4.67 

4 
Conditions 

with Loops 

18 13.34 7.93 

19 9.06 3.49 

20 6.62 2.83 
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Figure  14 The average time required to successfully finish each puzzle 

 
Interestingly, Units 1, 3, and 4 follow a similar pattern in Figure 14. 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 
did not show this pattern.  Since all the questions within one unit were approximate ly 

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. It is 
unclear just why Unit 2 did not follow the same pattern. 

 
Figure  15 Conceptual misunderstanding within each unit. 

 

With closer reexamination of the raw data (answers on each question), some 
students seemed to have a misconception at the beginning of each new study unit. Some 
students still used the concept of the previous unit without applying the new concept 
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with the answer, as shown in Figure 15. In this particular example, Loop should have 
been applied. 9 out of 35 groups displayed such behavior, which accounted for 25.7% 

of all groups. By collecting and analyzing these data, this information can yield a deeper 
and better understanding of student’s confusion. 

 

 
Figure  16 The average time per command of each puzzle. 

 

The average time taken per problem with and without accounting for the 
inability to grasp the new concept can be seen in Figure 16. Both results are very similar. 
The root mean square errors (RMSE) were calculate to find the discrepancy between 

the two as shown in Table 7. 
 

Table  7 The average time to calculation RMSE of twenty puzzles. 
 

Puzzles Actual (old) Forecast (new) Error 
Square of 

error 

seq1-7 15.9857 15.9857 0.0000 0.0000 

seq2-7 10.6190 10.3238 -0.2952 0.0872 

seq3-7 6.4500 6.4500 0.0000 0.0000 

seq4-7 6.5071 6.5071 0.0000 0.0000 

seq5-7 5.2057 5.9871 0.7814 0.6106 

seq6-7 5.5551 6.0571 0.5020 0.2520 

seq7-7 5.7143 6.7107 0.9964 0.9929 

loop1-7 22.7571 22.1786 -0.5786 0.3347 

loop2-7 15.0143 15.5357 0.5214 0.2719 

loop3-7 22.9571 22.9571 0.0000 0.0000 
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loop4-7 16.1257 16.8014 0.6757 0.4566 

loop5-7 20.6476 20.0310 -0.6167 0.3803 

loop6-7 10.4286 10.8943 0.4657 0.2169 

loop7-7 7.3524 7.8119 0.4595 0.2112 

if1-3 11.4629 11.9857 0.5229 0.2734 

if2-3 8.9952 9.4952 0.5000 0.2500 

if3-3 8.0163 8.7602 0.7439 0.5534 

if loop1-3 13.3357 13.3357 0.0000 0.0000 

if loop2-3 9.0571 9.7905 0.7333 0.5378 

if loop3-3 6.6204 7.2388 0.6184 0.3824 

   RMSE 0.5390 

 
The average time and the number of correct answers in each puzzle as shown in 

Figure 17. The average number of correct answers and the average time in each puzzle 
are related because in the first puzzle of each unit requires relatively more time while 

the last puzzle requires the least. This shows the clear improvement of student’s 
understanding on computational thinking. With their developed skills, it enables them 
to use less time to solve problems. 

 

 
Figure  17 Percent of the correct answers to each puzzle. 

 

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 only to take the test and were 

surrounded by a new environment full of novel stimuli, so they tended to be relative ly 
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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 18. This similarity of outcome even in two different 
settings and atmospheres suggests that the test is valid and meaningful. 

 

 

(a) 
 

 

(b) 

Figure  18 The average time required to successfully finish each puzzle at two 
different locations:  a) at the student’s own school and b) at Naresuan University 

 

The differences between the student with prior experience in computationa l 
thinking against those without were investigated. When comparing the two groups of 
data, it was found that the group with students who had previously studied 

computational thinking requires slightly less time to achieve the correct answers with 
the exception of the condition unit as shown in Figure 19. Nonetheless, the courseware 
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created for this study proved that students' computational thinking skills could be 
improved with or without prior knowledge. The Arducation Bot platform successfully 

improved the students’ computational thinking skills, enabling them to better 
understand and solve various computational tasks. 

 

 

Figure  19 The number of average correct answers both groups: student no prior 
computational thinking and student has taken computational thinking classes. 

 

4.2. Discussion 

 The results showed a total of 177 students taking the questionnaire. The mean 

points from students' pre-tests and post-tests. The post-test scores were improved by 
more than 40% increase over the pre-test. However, Standard deviations were 2.14 for 
the pre-test and 2.05 for the post-test are very high. 

The data by each student to solve twenty puzzles was recorded in the 
application. Arducation Bot improved students' computational thinking skills. Looking 
at Units 1(puzzle1-7), 3(puzzle15-17), and 4(puzzle18-20) follow a similar pattern. 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 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. The problem in this study: 
- The wires of the robots are tangled, causing it to put off and be electric shock. 

- The Bluetooth of the robot must write UUID to select and connect with the iPad.  
- The courseware can be increased and improved. 

All these suggestions will be useful for the future development of this study. 
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Chapter 5 

Conclusions 

5.1 Conclusion 

 This study developed a tangible tool that utilizes mobile technology to create an 
educational platform in computational thinking. The results from 177 primary school 

students who participated in the Computational Thinking for Kids event have shown 
the potential of this courseware platform. A clear pattern of improved computationa l 

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 computer 

science. 
 

5.2. Limitations 

 The research on this study has been finished. The author has listed the 

limitations and mistakes of my thesis as follows: 
- iPad of the application must iPad 2017 (gen 5) or later for AR support. 
- Arducation Bot can connect to Bluetooth with many devices together but It 

needs to list the UUID of each robot. 
- Loops commands are not able to use nested loops. 

 
5.3. Future works 

In this study, the author would like to suggest the following for the future 
development for the Arducation Bot.  

 

5.3.1 Hardware: 

- Use a motor with an encoder and PID controller, so that motors rotate 

and stop at the same time. 
- Change the design of the robot to be more robust, kid proof, kid friend ly, 

etc. 
- Use Bluetooth modules that function for Android and iOS. 
- Increase battery life for a full day. 

5.3.2 Software: 

- Add more puzzles for understanding the concepts of computationa l 

thinking. 
- Improve the loops commands that can be nested loops. 

- Add the function command to be more diverse to the puzzle design. 
 

5.3.3 Augmented Reality 

Another “future” work in progress for this study is AR. Augmented Reality 
(AR) is a technology that combines reality and virtual worlds created via software and 

devices, which is considered as creating another piece of information that is constitut ive 
in the virtual world such as graphics, video, images 3D text and text to overlap with 

real-world images that present on the camera (Wikipedia, 2019). In this study, AR was 
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used to increase user interest in robots. Near the top of the robot, there is an AR marker 
for the detection of the robot’s location by the iPad to help with evaluation and 

debugging. In this way, the camera of the iPad can see a line model drawn by the 
movement of the AB robot, as shown in Figure 20. 

 

 
Figure  20 Simulation drawing line on application. 

 

After the initial design and development AR for the Arducation Bot robot, this 
function was tested and evaluated. Two issues were identified. First, the iPad devices 

initially used for testing were older versions and they did not support AR. Switching to 
the newest iPad version resolved that issue.  The second issue relates to the distance 
between the marker and the camera. If that distance is too far, then the camera is not 

able to detect the marker. Other AR studies do not experience this difficulty because, 
in those works, the distance was controlled or the marker did not move (Sittiyuno & 

Chaipah, 2019). This AR function for the Arducation Bot is not yet completed. More 
improvement should be done to help children improve debugging skills, which, in the 
author’s opinion, is one of the most important skills in Computational Thinking. 
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Appendix A: Puzzles 

Unit 1: Sequencing: This unit introduces the concept of sequencing. 
 

Puzzle 1  

 

 
 

Puzzle 1 teaches the basic locomotion in which the answer to this one is 
go forward twice. 

 

Puzzle 2 

 

 
 
Puzzle 2 teaches how to combine more than one commands and place 

them in order. This answer is Forward, Right, and Forward. 
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Puzzle 3 

 
Puzzle 3, similar to Puzzle 2, is an understanding of the programming 

order. This answer is Forward, Forward, Right, and Forward. 
 

Puzzle 4 

 
 Puzzle 4 switches commands between Forward and Right to check the 
user's understanding of the sequence. This answer is Forward, Forward, Right, 

and Forward. 
 

Puzzle 5 

 
 Puzzle 5 changes the robot's direction of rotation to improve the 
understanding of basic commands. This answer is Forward, Forward, Left, 

Forward, and Forward. 
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Puzzle 6 

 

 
 

 Puzzle 6 is similar to Puzzle 5 but with more turns.  This answer is 

Forward, Forward, Left, Forward, Left, Forward, and Forward. 
 
 

Puzzle 7 

 

 
 

 Puzzle 7 increases the complexity and uses all the basic commands to 
examine the understanding of the users. This answer is Right, Forward, Left, 

Forward, Right, Forward, Left, Forward, and Forward. 
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Unit 2: Loops: This unit introduces the concept of using a loop to repeat a 
procedure in order to succeed a goal. 

 
 

Puzzle 8 

 

 
 

Puzzle 8 teaches users to use the loop command that repeats the function 
limited by the number of commands. This answer is Loop(3)(Forward). Number 
of commands 2. 

 
 

Puzzle 9 

 

 
 

 Puzzle 9 adds more command to check the comprehension of placing 
commands between in and out of the loop. This answer is Loop(3)(Forward), 

Left, and Forward. Number of commands 4. 
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Puzzle 10 

 
 Puzzle 10 is similar to Puzzle 5, but changes the position of the robot 

and uses limited commands to increase the understanding that a similar pattern 
can be found. This answer is Loop(2)(Left, Forward, and Forward). Number of 

commands 4. 
 
 

Puzzle 11 

 
 Puzzle 11 changes the direction of the robot from Puzzle 10 and adds 

one command to check for confusion between patterns and one more command. 
This answer is Loop(2)(Forward, Forward, Right), and Forward. Number of 
commands 5. 
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Puzzle 12 

 

 
 
 Puzzle 12 increases users' understanding in pattern finding, but more 

specific. At the finish point, the robot needs to rotate one more time. This answer 
is Loop(3)(Forward, and Right). Number of commands 3. 
 

 
Puzzle 13 

 

 
 

 Inspired by Puzzle 7, Puzzle 13 requires a similar movement to Puzzle 

7, but uses fewer commands to check users' understanding of pattern divis ion. 
This answer is Loop(2)(Forward, Right, Forward, and Left). Number of 

commands 5. 
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Puzzle 14 

 

 
 
 Puzzle 14, similar to Puzzle 13, can be divided into patterns of on loop 

and one more command outside of a loop. This answer is Loop(2)(Forward, 
Right, Forward, Left), and Forward. Number of commands 6. 
 

 
Unit 3: Conditions: This unit introduces the concept of conditional using "if". 

  

Puzzle 15 

 

 
 

 Puzzle 15 teaches the if command. It requires the user to decompose the 

concept, which has 2 sub-tasks: (1) if robot finds an obstacle then stops and (2) 
if robot does not find obstacle, continue moving forward. This answer is 
Forward, Forward, Condition(true)(stop), and Forward. 
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Puzzle 16 

 

 
 

Puzzle 16 is similar to Puzzle 15, it requires increasing user 

understanding of if command and decomposition concept. This answer is 
Forward, Forward, Condition(true)(Left), and Right. 

 

 
Puzzle 17 

 

 
 

 Puzzle 17 adds commands to increase a bit difficulty and check 

comprehension of placing between in and out of if commands. This answer is 
Forward, Forward, Condition(true)(Right, Forward), and Forward. 
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Unit 4: Conditions with Loop: This unit integrates the knowledge from the 
three previous units: Sequencing, Conditions, and Loops in order to reach our 

goal. This lesson adds a special command -- infinity loops because it requires 
the user to learn to solve problems if they do not know how many commands 

the puzzle is required. 
 

 Puzzle 18 

 

 
 

Puzzle 18 requires the combine between infinity loop and if commands 
without the user knowing where the obstacles are. This answer is 
Loop(infinity)(Condition(true)(stop), and Forward) 

 
 

Puzzle 19 

 

 
 

 Puzzle 19 needs to increase the usability between infinity loop and if 
command and add a stop command. Since this puzzle uses an infinity loop, if 

the stop command is not used, the robot will not stop. This answer is Loop 
(Infinity)(Condition(true)(Right, Forward, stop), and Forward). 
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Puzzle 20 

 

 
 

 Puzzle 20, similar to Puzzle 19, increases the understanding of how to 
use commands and in the beginning. If the robot position changes, the user can 

still solve the problem using loops. This answer is Left, 
Loop(infinity)(Condition(true)(Left, Forward, stop), and Forward). 
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Appendix B: Pre-test and Post-test 
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