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Abstract

The need for teachers of Elementary School children to learn to program or rather to
understand the Computational Thinking behind programming has been accelerated in
many countries by the mandated teaching of programming in the Elementary School
context. Many steps have been taken in order to create awareness of this issue, such as
the Computing At Schools initiative (CAS) which is established in the UK. CAS aims to
support teaching in computing and connected fields in UK schools. Moreover, in the
USA the Computer Science Teachers Association (CSTA) was established to meet the
purpose of informing and advising about the current development of computational
thinking and to investigate and disseminate teaching and learning resources related to
computational thinking. In Singapore research has been conducted by the government
agency Infocomm Development Authority of Singapore (IDA) whereby the major goal is
to meet the needs in the ICT sector and ultimately to focus and inspire learners about

programming.

The research for this thesis involves the development of a training scheme for pre-
service teachers that will introduce them to computational thinking through the use of
the Flash Action Script Development environment. Flash Action Scripts — amongst
several other tools — are used as a tool for creating interactive content and because
Flash is one of the premiere tools used to create content for the internet; a tool
programmed with Flash looks practically the same in every browser and on every
operating system. Flash Action scripts use traditional coding skills but permit the user to
see how each piece of code affects the running or execution of the program, allowing
the user to have an instant visual understanding of what the code is doing. It is also

widely available within university campuses.

A major problem in promoting the teaching of programming and computational
thinking to Elementary School teachers is that the majority of such teachers have no
concept of how to program and naturally are not motivated to learn programming.
Experienced teachers involved in the current study felt that programming was too
complicated and thus it was hard to gain fluency in programming. Student teachers who

had no previous experience in programming were, however, easier to get engaged in



learning programming principles. Eighty percent of this group found Action Scripting a
useful tool to understand basic programming and scripting. The need to teach
programming will motivate most but to learn through a tool that can be seen to have
intrinsic value in their role as teachers has a greater potential of success. This thesis
defines the design and implementation of a tool to use the learning of Flash Action
Scripting as a motivational mechanism for pre-service teachers. The intrinsic value to
them is intended to be utilisation of the learned Action Scripting skills to produce their
own teaching material. Initial results indicate an enhanced engagement and motivation
to learn to program and improved confidence in doing so. As projected the pre-service
teachers had a more positive attitude towards the potential of the learning tool but
both they and the in-service teachers had improved attitudes and enthusiasm after the
experiment. The results show that both pre-service and in-service teachers can be
trained to be designers and producers of digital courseware in the previous absence of
computational thinking skills and definitely they can acquire skills in computer

programming such as Flash Action Scripts.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

The need for more programmers is now serious and software companies and
governments around the world have become convinced that a change in the way
technology is taught in schools is needed. It is felt vital that children begin to learn to
program and more essentially think like programmers from an early age. An important
issue arises in how to introduce programming at an early age: how can teachers without
a background in computing learn how to teach programming? A common sense answer
to this might be that they should first learn to program themselves but how should this

be tackled? Importantly, what will motivate them to learn?

The work in this thesis focuses specifically on tackling this problem in a Malaysian
context though much of what needs to be done will be relevant in a broader context.
Educators the world over are trying to respond to these challenges. The situation in
Malaysia needs specific responses relating to the culture of education in that context
but many of these problems will also be true elsewhere. Of specific interest is tackling
the expectations of continual professional development in Malaysia. At the outset of
this research it was expected that there would be much to learn from the experience in
other places and particularly in the UK where work was already underway in tackling

this.

The term computational thinking (CT) is a way of expressing the sort of thinking needed
by programmers. In introducing this concept to a broad audience of those with an
interest in computing Jeannette Wing (2006) tried to classify CT as ways of thinking that
went beyond programming specifically and looked at it as a way of approaching
problem solving more generally. The idea was that every student should be given the
chance to engage with computational thinking independent of their area of study (J. M.

Wing 2006a). CT involves more than learning to program, but many of the concepts in



CT are exercised during programming (Duncan, Bell, and Tanimoto 2014). CT can be
exploited in many situations and can lead to better approaches to problem solving
throughout life. By Wing’s definition CT is human thinking (problem solving by humans
rather than just machine thinking) and involves taking an approach to solving problems,
designing systems, applying tools, techniques and understanding of human behaviour
that draws upon concepts essential to computing (J. M. Wing 2006a; J. M. Wing 2008;
Grover and Pea 2013). CT does not mean that all students must master the details of a
complex programming language but it is essential for students to understand the ideas
of programming, to appreciate the difficulty of expressing a solution in a form that can
be interpreted by a machine, and to grasp the concepts of debugging (Curzon et al.,
2009). As such it creates an important focus on the concept of thinking about problems
in a way that leads to solutions that may be implemented in a computing device (or
perhaps a teaching tool as will be talked about in this thesis). Making CT manageable
for teachers or students may mean it can be possible to teach computing more
effectively. Whilst computing education researchers explore how humans come to
understand computing, and how to improve that understanding, the research in this
thesis studies the idea that learning to think computationally will enhance pre-service

teachers’ abilities to learn how to teach programming.

The concept of Computational Thinking has thus become a topic of discussion (Dorling
M., 2014; Denning, 2009; J. M. Wing, 2006a) and the role that this plays in developing
the correct thinking for learners to become programmers is clear (Dorling M. 2014;
Csizmadia et al. 2015). It is not expected that teachers will themselves become
programmers but they need to acquire the skills to teach programming and this is the

case in countries throughout the world.

Malaysia’s vision to become a developed nation by the year 2020 (Bernama 2008) has
placed science and technology at the top of the list of subjects in which to excel. There
is no specific subject on computer programming that has been developed for primary
school students in Malaysia. Learning has instead been more focused on use of
application software (L. Lezam et al., 2015). Computer programming is to be
incorporated into the national curriculum of primary schools in Malaysia from 2017

according to the MDEC (Multimedia Digital Economy Corporation) CEO Datuk Yasmin
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Mahmood, indicating the importance that is now being placed on coding skills (Azlee
2016). "Educators should be made aware that teachings of programming are not only
confined to acquiring the skill of programming but acquiring this skill could also
increase the understanding of more fundamental subjects like language, mathematics
and science" (Husain, Kamal, and Ibrahim 2017). This was also announced by Malaysia's
Ministry of Education Director-General Khair Mohamad Yusof, who confirmed that
Computational Thinking (CT) would additionally form an important part of the
curriculum from January 2017 (Azlee 2016; A. Asohan 2016). However, this is not a
completely new directive; in 1988 the former Education Minister Anwar lbrahim
announced that computing skills and programming would be part of the curriculum by
1990 (A. Asohan 2016). However, political issues prevented this objective from being

realised at the time (A. Asohan 2016).

Whilst there are defined plans to raise the standard and quality of ICT education in
Malaysia (Dewitt, Alias, and Siraj 2016; Suliman, Hawari, and Othman 2011; Khambari
et al. 2010; A. Asohan 2016) and it is accepted that teaching coding in schools is
important (Bernama 2017) awareness of CT is still low when compared with countries
such as the USA and the UK. Challenges exist around the fact that learning to
programme is not just about having Computer Science as a subject on the curriculum
(Grover and Pea 2013; Brown and Koélling 2013; Gretter and Yadav 2016). It is important
that CT skills, such as learning how to dissect problems and formulate solutions, form a
basis for good programming (Ebrahimi et al., 2013; Kelleher et al., 2007; Sentance &
Csizmadia, 2016). Additionally, any programme of education would need to involve not
only educating students, but also educating teachers to teach coding skills. Presently, in
Malaysia, there has been little in the curriculum which has addressed this and little
provision for pre-service and in-service teachers to learn to teach programming.
Teachers have recently shown concern regarding the programme to integrate coding
into the National School Curriculum stating that they had not been informed of the
programme early enough (Azlee 2016). Malaysia's National Union of the Teaching
Profession President Hashim Adnan has reinforced this view and emphasised the
importance of training the next generation of teachers in a systematic way before the

introduction of teaching coding in schools. He stated that without a proper foundation



to the programme, it would fail, but that no preparation appeared to be taking place
(Azlee 2016). It is apparent that a lot of work needs to be done if the country is to

achieve its goal of a full roll-out of ICT provision in all schools by 2020.

A study that was conducted at one of the top education universities in Malaysia
highlighted Malaysian students’ lack of problem solving skills (Dewitt, Alias, and Siraj
2016). The Malaysian Education Blueprint from preschool to post-secondary, and for
higher education has noted that Malaysian students need to develop thinking skills in
order to be prepared for their future jobs (Ministry of Education (MOE), 2013; 2015). In
January 2017, computational thinking was made part of the reviewed Standard
Curriculum for Primary Schools (KSSR) for Year One pupils — making Malaysia the first
country in Asean to introduce it into the national syllabus. Deputy Education Minister
Datuk Chong Sin Woon added that the programme had been developed with the help
of MDEC and that the syllabus was benchmarked against courses offered by Britain’s
Computing at School as well as the United States’ Computer Science Teachers
Associations. “Computational thinking is the ability to dissect problems and formulate
solutions by drawing from concepts in computer science.”
(https://www.digitalnewsasia.com) said MDEC vice-president for talent and digital
entrepreneurship Sumitra Nair (http://www.digital-economy/computational-thinking-
come-fore-malaysian-schools). Malaysia’s education ministry director general Tan Sri Dr
Khair Mohamad Yusof said this is not just about having computer science as a subject.
Malaysia currently must begin educating students to have computational thinking skills,
linking the move to also helping Malaysia achieve its goal of being in the top 30% of the
2025 Programme for International Student Assessment (PISA)
(http://www.oecd.org/pisa/aboutpisa/). MDEC and the Ministry of Education are
strongly concerned that the responsibility to educate, excite and enrich students cannot
just start and end in school, which is why the private sector and academia have been
tied in through the #mydigitalmaker movement. #Mydigitalmaker is a public-private-
academia partnership scheme to move away from being digital users and towards a
nation of digital developers. According to MDEC, the private sector and academia will
continue to nurture and groom students outside of the classroom through the

introduction of Digital Maker Clubs in schools and Digital Maker Hubs in communities.



There are six such Digital Maker Hubs in Malaysia at present and this is expected to rise

to 14 by the end of 2018.

Students should be inspired in order to help them succeed in any academic assignment.
Jenkins and Davy (2002) stated that the goal of a teacher should not only be to transfer
knowledge to their learners but also to motivate them to learn and to help them realize
the benefits of learning. Learners should be encouraged to explore and apply the
concepts to other aspects of learning. However nowadays, it is hard to nurture and
maintain students’ motivation to study programming merely with the classical

programming exercises designed to perform a sequence of calculations.

Over the past 25 years the understanding of the existence of numerous learning styles
has brought increasing attention to the idea that students learn in diverse ways and
that the purely verbal approach to teaching does not work for every student or even
most students (Hawk 2007). The importance of programming skills is becoming more
evident in the UK as they have been made core curriculum objectives for school
students. In order to teach programming there needs to be a route for teachers to
develop an understanding of the underlying concepts. However, it is not necessary to
have an understanding of computer programming to design and produce digital
material for teaching (Werner et al. 2012). The University Pendidikan Sultan Idris (UPSI)
in Malaysia is typical of teaching universities in Malaysia. Personal experience teaching
there in early 2011, was the starting point for the current research. It was realized that
what a group of students (that did not have any prior computing skills yet took a
multimedia programming course) needed was to be provided with the right methods of
learning - so they could practice success, which would inspire them to continue studying
multimedia programming after leaving the class. In UPSI Adobe Flash Action scripting
was being taught to students including those without a computing background. Action
scripting allows users to add dynamicity to their multimedia presentations and this has
prompted the research for this thesis to investigate whether learning through action
scripting can be used to teach underlying programming concepts to teachers while they
create their learning material (Lin 2012); in other words, whether it can stimulate the
development of CT and therefore an understanding of programming. Some of the

components of CT include the following (http://beaver.my): formulating problems in a
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way that enable the use of computers and other tools to help solve them; logically
organizing and analysing data; representing data through abstraction such as models
and simulations; automation of solutions through algorithmic thinking (a series of
ordered steps); identifying, analysing and implementing possible solutions with the goal
of achieving the most efficient and effective combination of steps and resources and
finally, generalizing and transferring this problem solving process to a wide variety of
problems. Beaver is reasonable for all students within the age group between six to
nineteen years old. Participants do not need prior computer science or programming
knowledge. There are 5 categories for students aged 6 to 19 (Year 1 to Form 6).
According to Malaysia Deputy Education Minister Datuk Chong Sin Woon, 8 000
teachers in Malaysia underwent training in July 2017 and will be fully equipped to teach
computational thinking to students one to two years later. Datuk Chong added that this
special training was being conducted with the help of 100 lecturers from teacher
training institutes, ministry officers who are British Computer Society-certified master
trainers, as well as 90 lecturers from Institut Aminuddin Baki (IAB)
(http://www.thestar.com.my/news/nation/2017). Because the term ‘computational
thinking’ is a relatively recent introduction (J. M. Wing 2006a), there is less literature
published in Malaysia for instance specifically with this key word. Therefore, the results
of the proposed study should help fill the gap between the teaching of programming
and computational thinking, specifically in the context of the pre-service and in-service

teachers in the Malaysia educational system.

Although programming is a separate skill from CT, the latter draws heavily upon
concepts fundamental to computing (Wing, 2008). CT encompasses several skills
important for problem solving and can result from studying the nature of computation.
It also incorporates creativity, the ability to explain and team work. Effective
programming relies on the ability to think computationally, particularly the ability to
think logically, algorithmically and recursively (Hu 2011; J. M. Wing 2008; Yinnan and
Chaosheng 2012). Specifically, this refers to how a user thinks when producing
programs, rather than producing the code itself. Such skills are both important to learn
when teaching others to program and to transfer to other problem solving domains in

life. For many the whole concept of programming seems foreign and difficult and much



work has been done to look at how to get people to learn programming (Crawford and
Boese 2006; Martins, Mendes, and Figueiredo 2010). Much that is successful involves
people learning through concrete problems where they understand what the result of
the process should be. The internal workings of computers are, however, mysterious to
many and so conceiving what is needed to solve a problem through a computer

program can be too difficult to imagine and students can be fearful of trying.

In order to motivate students to learn programming many instructors have tried to use
games, robots and narrative media hoping that they would impress their students (this
is covered in Chapter 2). Jenkins (2001b) highlights the difficulty in obtaining solid
conclusions from research on the motivation of students for programming. Students
tend to learn in different ways and so wish to use varied teaching resources. There is a
variety of tools that have previously been used in teaching programming but these tools

generally require some computing background from the students.

The current work has focused on working with teachers who need to learn to program
and who desire to learn programming and to develop teaching tools to demonstrate
concepts to their students. Electronic artefacts to demonstrate a specific learning area
are not always available commercially and those that are available are often expensive

and may not be an exact match for the specific needs of the teacher.

The primary aim of this research was therefore to try to establish a way of changing
accessibility to programming for many and a number of research questions were posed,

as detailed in the following section.

1.2 RESEARCH QUESTIONS

The discussion so far has set the scene for the main hypothesis of this research. That is
in order to meet the desire that children in Malaysia (and elsewhere) learn to program
it is first essential that their teachers understand the thinking behind programming and
are thus more able to understand how to teach it. At the time this was being conceived
the position in Malaysia was particularly difficult. There was little or no incentive for
teachers to learn to teach programming. However, the basic belief behind this research

was that the need was there and would soon become critical. This belief has been
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borne out by more recent developments that are making the teaching of programming
compulsory at all levels in school education in Malaysia. Experience of teaching trainee
teachers had led to the conclusion that many teachers with non-computing
backgrounds would be motivated by learning how to create artifacts using a tool like
Flash Scripting. Further this would allow them to have a reason to learn to think
computationally for themselves. To investigate the feasibility of teaching programming
using a computer-based tool the proposed work needed to be divided into a number of
steps. The first step was to investigate more formally the impression given by
experience that teachers and trainee teachers were generally not already thinking
computationally. Thus the first research question was formulated as:

RQ 1 Are primary school teachers ready to teach programming?

In order to answer each of the questions a number of objectives needed to be attained.
In this case:

e To more formally identify attitudes to programming among teachers and
trainees in particular.

e To identify the challenges for them in learning to teach programming.

e To determine to what extent they already think computationally and
identify ways in which this might be helping or preventing them meeting
the challenges of learning to program.

Achieving these objectives would imply a number of things:

First a literature search was needed to look at other research evidence of attitudes of
trainee and other teachers to learning to program One aspect of the literature review
would be to find ways in which computational thinking was already being measured
and thus what would be needed to measure its presence or absence in the teachers. It
would also be necessary to survey trainee teachers more formally about their attitudes.
This was undertaken at several stages in the research. Previous experience in teaching
teachers to use IT tools had suggested that they were generally fearful of learning to
program and of using other technology beyond office tools. Thus a second research

question was expected to need answering:

RQ 2 Can those without a CT background learn to think computationally?



One way in which this would be expected to be promoted would be through
motivation. Thus this question implies that many teachers and trainee teachers will be
found not to think computationally and probably not be naturally intrinsically motivated
to learn. This then implies another objective:

e To understand how teachers might be motivated to learn to think

computationally.

Thus part of the literature review would focus on motivation. Previous experience of
trainee teachers at UPSI was that learning to use Flash Action scripting was attractive to
non-computing students. Thus it was expected that learning this would be a possible
motivator to change their attitudes at least. Thus the first intervention was designed to
carry on from the initial survey and concentrate on those who had already expressed an
interest in taking an elective module in Flash Action Scripting (Flash). The initial survey
would then be repeated with the same group of students after exposure to Flash. This

would allow a third research question to be posed:

RQ 3 Can we detect where CT is not happening and lead the learner to re-analyse
their thinking strategies and consequently learn to think computationally?
Objective:
e To work out how to detect use or lack thereof of the five CT domains:
abstraction, algorithmic thinking, decomposition, generalization and

analysis.

Should it be possible to teach CT, part of the value in this, and an aim of the research,
was to see whether the newly acquired skills could be transferred to computer
programming. Thus both in the second and third phases of this research it was the aim
to see whether first Flash and subsequently a similar but different software could be
programmed effectively by the learners who had been originally unfamiliar with the

ideas in programming. Consequently the next research question was:

RQ 4 Can pre-service teachers who have adopted CT demonstrate this by applying it
to undertaking “programming” tasks?

In order to test this two more objectives would be looked at:



e To provide tasks the successful completion of which would demonstrate the
use of CT.
e To provide tasks that would demonstrate they can generalise what they

learned to using other software.

The initial exposure of the large survey group would be done through a traditional class
in UPSI. However, to answer RQ3 and 4 it would be necessary to conduct a more
detailed instruction in order to spend time looking at the learner’s behavior. Thus a
second phase of the study was proposed to tackle these questions. This would involve
a small group of students from a similar cohort to the previous phase being given one
on one teaching in the use of Flash while being observed for their behaviour as well.
The evaluation of this leads to a further research question and allows an automated
teaching/learning tool to be designed focused on a user centred design approach.
RQ 5 Does the use of a suitable tool in learning create users who will be motivated to
g0 on programming?
Objectives:

e To identify changes in attitude after use of the tool compared to

before.

e To identify what barriers still remained.

Again positive outcomes from the previous research questions will lead to a final

research question which asks about the possible implications of the study as a whole.

RQ 6 What are the implications of this study for the teaching of CT and programming

in teacher training courses in Malaysia?

The final question can only be completely answered when the research is over and it is
possible to engage with the authorities in Malaysia. At the time of writing the
Malaysian government have already started to ask questions which this research will

have begun to answer.
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1.3 STRUCTURE OF THE THESIS

The remainder of this thesis is structured as follows:

Chapter 2 commences with a review of the relevant literature and outlines the broad
perspectives and related concepts — programming and CT — which are then linked to the
discussion of findings in chapter seven. The subjects of the literature review are
designed to aid the answering of the research questions. So for example RQ 1 begins to
be answered by knowing what the literature has to say about attitudes of teachers to

learning programming.

Chapter 3 frames the methodological considerations in carrying out this investigation. It
presents the methods that were used in this study, including recruitment and
participant selection, and discusses the potential ethical concerns and pitfalls of the
approach. The methods look particularly at ways of gathering data on the attitudes of
the teachers and trainee teachers towards learning to teach programming. Thus they
involve questionnaires and the use of open ended questions. Chapter 3 seeks to give

background to why these research methods were appropriate.

Chapter 4 presents Study 1 which involves observations of Malaysian pre-service
teachers at UPSI in order to identify difficulties experienced with learning to program.

This will give further answer to RQ1 in particular and RQ2 in part.

Chapter 5 describes Study 2 which looks at how an individual one-on-one approach to
teaching programming works among pre-service and in-service teachers. In doing so, it
seeks to identify where non-CT exists and how it affects the learning of programming. It
also seeks to identify ways in which to change that thinking. In doing so it lays the basis
for the design of the teaching/learning tool that is presented in Chapter 6 and allows

RQ2 and RQ 3 to begin to be answered.

Chapter 6 presents Study 3, the implementation of a tool to automate the teaching of
CT skills and its evaluation with Malaysian pre-service teachers and in-service teachers
who were resident as students in the UK. In doing so it looks at providing further

answers to RQ 4 and RQ 5.
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Chapter 7 discusses the research findings in light of the proposed research questions. It
looks at how these findings contribute to the existing knowledge of how to teach
computer programming, existing beliefs regarding the role of CT in this and the
implications of this research. Chapter 7 also concludes in revisiting the research
guestions and summarizing the findings of this research. It discusses potential future
work related to RQ 6 — addressing its uptake in practice in Malaysia for training teachers
to be ready to teach programming and presents the specific contributions of this PhD.

The expected overall contribution is detailed in Section 1.4.

14 EXPECTED CONTRIBUTIONS

Teaching non-programmers how to think computationally will be of immense value in
education. It is expected that this work will demonstrate how to aid and even motivate
the acquisition of CT skills and that this will offer the opportunity to challenge and
change teachers’ thinking. Ultimately, it is expected that if thinking regarding
programming is changed then education will be more powerful in the field of
technology and the consequential development of CT in users will additionally benefit

other areas of life especially for Malaysian primary school teachers.
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CHAPTER 2
LITERATURE REVIEW

2.1 INTRODUCTION

Chapter 1 established that the motivator for this research arose from work undertaken
in Malaysia to teach pre-service teachers how to use IT tools. It also introduced
Computational thinking as an important part of the process of learning programming.
However, it did acknowledge that as proposed by Wing (2006) there is potential benefit
across other forms of learning and problem solving for applying some of the CT central
skills. This chapter will begin by looking at the background to understanding
computational thinking. It will continue to investigate current practices in trying to
promote the teaching of computing in schools. As was indicated in the introduction the
main interest of this work focuses on specific issues in promoting this in the Malaysian
context but as it already states a lot can be learned from what is already being

undertaken in other places.

Teaching computer programming rather than “IT skills” has become a focus in recent
changes made to the UK curriculum (Department for Education 2013). However,
students being taught programming, and teachers being taught to teach programming,
do not always appreciate the importance of Computational Thinking (CT) in this process
(Department for Education 2013). As was introduced in the first chapter, while the
concept of CT has wider applications in learning than just in programming it is still a

cornerstone of learning to program.

This chapter presents a review, analysis and classification of related literature in order
to begin to answer the research questions posed in Chapter 1. The rest of Chapter 2 is
split into three broad sections. Section 2.2 begins by introducing CT and reviewing the
literature on CT to provide the background to this research. The concept of CT is
investigated in terms of the individual skills that make up CT in order to understand

how to detect CT skills and how to start changing thinking strategies to be more
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computational (which relates to Research question 3). This section also introduces
organizations across the world that have been promoting wider participation in

computer programming and a consequent understanding of CT.

Having introduced CT, the following section (Section 2.3) examines existing tools and
platforms used to teach programming and CT and therefore allows us to start to
address Research Questions 1 and 2, which ask about the readiness of teachers to teach
programming and their ability to develop CT skills. Section 2.4 examines methods for
assessing CT which enables Research Question 3 to be addressed. Section 2.5 then
moves on to review literature on motivation in order to further address Research

Question 2 in terms of understanding how to motivate teachers to develop CT skills.

2.2 COMPUTATIONAL THINKING BACKGROUND

2.2.1 Introduction

Programming is a very practical topic that is ideally learnt by ‘doing’ rather than
‘memorizing’. However, programming is more easily learnt by some people than others
as being able to program is greatly aided by the ability to think computationally (Huang,
Deng, and Rongsheng 2009). For example, in programming, it is not appropriate just to
copy and paste code that solves one problem to solve another without understanding
the logic of the syntax (E. Saari, P.Blanchfield, & G.Hopkins, 2015). Therefore the
method of teaching programming should facilitate a better understanding of
Computational Thinking first rather than ‘plunging headlong’ into coding as a first step.

(L. Lezam et al., 2015).

Computational thinking is not about programming alone (Yeh et al., 2011), rather it is
the development of models which represent problems to be solved (Lee et al., 2011).
These can be computer programming-based problems or problems experienced in
everyday life. CT can enhance creative ability by enabling technology to be shaped and
not just used (Mishra and Yadav 2013) but it is widely acknowledged to be fundamental
throughout life (J. M. Wing, 2006; National Research Council, 2010).
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2.2.2 Defining Computational Thinking

There is little agreement about exactly what CT encompasses and even less agreement
about strategies for assessing the development of CT in young people (Brennan and
Resnick 2012). However, the essence of CT involves breaking down complex problems
into more manageable sub-problems and using a sequence of steps to solve these sub-
problems. Without agreement on a common definition of computational thinking, it
will be difficult, if not impossible, to develop appropriate assessment tools that actually
measure the ability to think computationally (National Research Council, 2010). Thus at
this point CT can be seen to be useful for tackling problems in any situation. “We are
also at the point where we can determine if a computer can help us more efficiently

solve those problems” (Wing 2011; Curzon et al. 2009; Grover & Pea 2013a).

The efficient resolution of problems is thus core to CT (Huang, Deng, and Rongsheng
2009; Brennan and Resnick 2012), involving problem-solving and thinking skills
(L'Heureux and Boisvert 2012) which then enable programmers to articulate that
problem-solving using the programming language of their choice, but which can also be

applied in many other domains like algorithmic thinking and abstraction.

The process of CT therefore involves abstracting problems and devising solutions that
can be transferred and applied across subjects (V. Barr and Stephenson 2011). When
students face problems CT allows them to ask questions based on what they have
learned, propose algorithms and ultimately perform procedures to test the effect of the
solution (Yinnan and Chaosheng 2012). Adopting CT has a number of benefits, not just
for students but also for those teaching the students and this is discussed in the next

section.

2.2.3 Adoption of Computational Thinking

Adapting students to a computational way of thinking involves a change of teaching
focus from the way the traditional curriculum is taught (Dorling M. 2014). Currently
teachers commonly engage students in what they are learning and how to learn it and
then only subsequently teach them why it is important. Teaching CT, however, involves
firstly encouraging students to examine why they need to perform a task or learn a

topic so that they ask questions and more fully understand the problem before trying to
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solve it. After this they engage in the process of how to solve the problem and then
what exactly should be done or used to solve the problem. As stated by Dorling (2014),
the CT concepts used to achieve this sit within the “How” stage and classroom
techniques can be used to stimulate an understanding of these concepts before the
execution that takes place within the “What” stage. This thesis proposes the use of the
description of the components of CT adopted by Dorling and presented in a Computing
At Schools (CAS) meeting in Birmingham in 2014 (Dorling 2014). (For more on CAS see
section 2.x.y below.) His concept presented two parallel processes. The first of these is
designed to produce skills and the second to produce knowledge and understanding. In
his model these two processes have three common stages. They development of either
should start by adopting the “Why” rather than the “How”. In both cases this starts with
a definition of the aim - being to understand or solve a problem. The next stage or
“How” for developing knowledge is the ‘thought process’. This will have two stages,
understanding the Computational Thinking concepts and then putting them into
practice in classroom techniques. The parallel to this in developing skills is to acquire
and develop the functional skills (the coding process in programming — acquiring
knowledge of syntax and function). The final step is the “What” which concentrates on
outcomes. For practical skills this will be the development of the artifact and for

knowledge acquisition the “learning outcome assessment framework”. (Dorling 2014)

2.2.4 Pedagogical Approaches to Teaching Programming and CT

In considering the “How” stage it is important to examine pedagogical approaches that
might be used to teach CT and programming. Carter and Boyle (2002) highlight the
difficulties experienced when teaching programming whereby learners, whatever their
level of intelligence, find the development of programming skills confusing and difficult.
This is not a new phenomenon (T. Jenkins, 2002; Martins et al., 2010; Radosevic¢ et al.,

2009).

The appropriate approach needs the instructor to keep early facts, models, and rules
simple and only develop and purify them as the student obtains experience (Leon E.
Winslow 1996). Carter and Boyle (2002) stated in their articles about the difficulty of

teaching programming, “there is a perennial problem in teaching this essential skill to
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people who find it genuinely confusing and difficult, whatever their intelligence” (p.84).
In addition, motivation is a main problem among graduates and its deficiency rapidly

undermines many methods in teaching (Carter and Boyle 2002).

There are a number of pedagogical approaches that could be used to teach primary
school programming. These include self-directed learning, collaborative learning,
enquiry-based learning, project-based learning and explorative learning. The first two
approaches contrast each other (Pedersen 2003; Gomez, Wu, and Passerini 2010; Ng
2012), in that one involves the student themselves driving their own learning forward,
whereas the second approach involves students working together and thus enables
them to scaffold each other’s learning. Jenkins (2001) stated that programming is a
difficult skill to obtain thus “it is best learned by practice and, if students are to learn
effectively, at least some of this practice have [sic] to be self-directed” (p.4). Therefore,
the instructor plays an important role determining how to motivate students to engage
in learning how to program properly. Discovering an interest in programming can lead
to the development of intrinsic motivation to learn more, but the wrong teaching styles
can result in lost motivation (Jenkins 2001). In today’s “knowledge economy”, students
need to be self-directed and possess lifelong learning skills. They are expected to retain
“21st century skills”, such as creativity and critical thinking, problem solving, and
analytical reasoning in their learning (Wagner 2008). Students can no longer survive by
memorizing textbooks; they now need to explore and experience authentic tasks that
can be connected to the real world, in which they can develop, master, and
demonstrate authentic skills (Krishnan & Muhammad Yassin, 2009). In this study, the
proposed tool will help pre-service and in-service teachers teach their students to
become successful self-directed learners. The appropriate tool is designed to motivate
users to learn Flash Action Script programming in more attractive way by adapting CT

domains (the details about the tool will be explained in chapter 6).

This latter approach benefits from the discourse that takes place between students,
thus strengthening their ideas and knowledge. These approaches can be combined with
project-based learning (PBL) (Parberry, Kazemzadeh, and Roden 2006) which is
designed to present the learner with longer-term tasks, often involving real problems or

environments. Project-based learning (PBL) is a learning approach that organizes
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students’ learning activities around projects (Kése 2010). Students are required to
complete the task and, in doing so, they gain valuable knowledge of how their learned
skills relate to real-world problems. Liu and Hsiao (2002) stated that it is an inventive
instructional approach that shifts learning focus from “teacher telling” to student-
centered “learning by doing”. PBL enables students to make interdisciplinary

associations between various ideas (Curtis, 2002)

Liu, M., & Hsiao, Y. (2002). Middle school students as multimedia designers: A project-

based learning approach. Journal of Interactive Learning Research, 13 (4), 311 - 337.
Curtis, D. (2002). The power of projects. Educational Leadership, 60 (1), 50 - 53

Enquiry-based learning (Gomez, Wu, and Passerini 2010) is a more structured approach
which presents the learner with questions or problems to solve. In this way, it is similar
to problem-based learning, in that both involve the student finding an answer or
solution to a given situation, but with the latter being more student-centred and open-
ended whilst appropriately mapping the curriculum (Whitton, 2007; Merah et al.,
2017).

Explorative learning focuses more on an investigative approach and discovering and
understanding relationships between a learner’s existing knowledge and new material
and concepts (de Freitas, 2006). This has been an approach commonly believed in since

the early days of general programming (Knuth 1975).

Teaching CT and programming therefore has a number of approaches open to it, but
ideally requires learners to be actively involved in trying out solutions to problems and
experimenting in order to see cause and effect. Each of the pedagogical approaches
described has some merit, but those which involve problem-solving and hands-on trial
and error present the learner with the best opportunities to understand and develop
programming and CT skills. Since learning to program has been found to present a
number of challenges to learners then shorter-term goals and problems are more
suitable in the early stages with these being built upon as the learner progresses. The
scope for trying out solutions to problems, however, is limited in Malaysian education

institutions due to the sparse provision of technological resources. Whilst this situation
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is currently being addressed by the Malaysian Ministry of Education this means that
progress in teaching programming and CT skills has been restricted in the country. The
Malaysian Ministry of Education states that problem-based learning should be used to
teach the programming curriculum. However, irrespective of pedagogy, the “limitations
in expertise of those who teach programming at primary and secondary level
compounds the problem” (Department of Education MOE, 2016). This reiterates the
need for programming and CT skills to be taught to teachers before they embark on
their teaching careers and the challenges involved in learning these skills call for
different approaches to be explored, which has been restricted until now. It will also
require levels of in-service training for those already in teaching if the ambitions of the

Department of Education are to be met in the near future.

2.2.5 CT in the primary curriculum

The need for the Malaysian curriculum to include the teaching of Higher Order Thinking
skills (HOT), which encompass CT skills, has been acknowledged. Resnick (2010) (as
cited in Zohar, 2013), referred to “scaling up the thinking curriculum” and presented
this as a major educational challenge if students are to become proficient in HOTS.
Teachers agree that HOTS are crucial to guide the “idea generation” (Yee, et al. 2012).
However, a report by the Malaysian Ministry of Education (MOE), the Malaysia
Education Blueprint 2013-2025, has shown that there are insufficiencies in most lessons
with respect to engaging students in such skills. It was reported that teachers have
tended to rely more on didactic teaching rather than encouraging higher order thinking
skills (Malaysia MOE, 2012). Until very recently teaching methods and learning
outcomes in the Malaysian education system have been geared towards lower-order
thinking skills due to the fact that educators and students view being given a direct
answer as quicker and easier, rather than having to “think out of the box” (S. Y. Tan and
Halili 2015). Additionally there is evidence that many teachers in Malaysia are confused
about CT and how it relates to the use of computers/ICT in the classroom (Ling et al.,
2017). This is due to the fact that few teachers have had the opportunity to engage in
training or workshops related to CT in Malaysia (Singh 2016; U. L. Ling et al. 2017).

Without the correct and appropriate scaffold in CT, teachers will not be able to
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implement the newly revised syllabus and incorporate CT into their teaching and

learning (Abas 2016).

In January 2017, computational thinking was made part of the reviewed Standard
Curriculum for Primary Schools (KSSR) for Year One pupils — making Malaysia the first
country in  Asean to introduce it into the national syllabus
(https://www.thestar.com.my/news/nation/2017/07/29). The National Union of the
Teaching Profession president Hashim Adnan mentioned the importance of equipping
the students with digital literacy, especially coding skills. He added that the
implementation of the coding curriculum that should have been started in January 2017
would not succeed due to the poor preparation among teachers at primary or
secondary schools (BERNAMA, 2016). He added that even if they started training
teachers at that time, it would create a disruption in classrooms because of the need to

train so many teachers in such a short period of time.

It is clear, however, that the development of CT can enable significant improvements in
problem-solving as students begin to think in new ways (Yadav et al., 2014) and indeed
the benefits of CT are multiple (Saari et al., 2015, 2016). CT promotes creative thinking
(Resnick 2007, Lee et al. 2011) and reinforces and extends HOTS (Chang et al., 2012;
Dorling M., 2014). It can thus be transferred to and applied within other disciplines

(Bundy 2007) and the teaching of CT is now widely recognized as fundamental for all:

“A high quality computing education equips pupils to use computational thinking and
creativity to understand and change the world” (UK Department of Education 2014,

p.217).

Isabell and colleagues (2010) identified the secondary and post-secondary phases of
education as particular targets for the teaching of CT skills. However, to ensure that
students develop the ability to think computationally, it is important to provide
teachers with an adequate knowledge of CT and how to incorporate it into their
teaching. Teachers take on roles to facilitate and inspire creativity and learning (Lin
2012; E. M. Saari 2014; E. M. Saari, Blanchfield, and Hopk The behaviors of the students
will definitely change once they discover an interest in programming in 2015, 2016) and

to do this they should engage students in the exploration of real-world issues using
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different resources to stimulate the understanding of problems (L. Wang, Ertmer, and
Newby 2004; Lin 2012). There have been different approaches to this used in various
countries and the next section examines some of these in order to gain insight into
what might be effective in the Malaysian context. 2.2.6 Evidence from methods and

motivations for learning CT from other countries

As stated in chapter 1 the main motivation for the work in this thesis is to focus on the
situation and needs of Malaysia. However, it was also stated that experience in other
countries (especially those who have been developing their computational thinking

training for longer) will provide useful examples for how Malaysia should proceed.

Several western countries are in the middle of changes to school curricula as they see
the value of introducing topics such as programming, CS and computational thinking.
For example changes in both the UK and Australian curricula were introduced from
2014/2015 and include introductory programming experiences in primary schools
(Duncan, Bell, and Tanimoto 2014). A key driver for updating the school program has
been articulated by Rushkoff (2010) who was teaching children how to use software to
write and not to write programs with the aim that they would become not only users of

digital technologies but efficient problem solvers in general.

Computing At School (CAS) is a UK based initiative that involves development of a
community of individuals who are enthusiastic about giving children a solid education in
computing. It focuses on a professional procedure in which members join as colleagues
in a shared endeavour (http://www.computingatschool.org.uk). Its membership is
broad and includes teachers, parents, examiners, university faculty, professional
societies and industry (Crick and Sentance 2011; Bradshaw and Woollard 2012). The
aim of CAS is to share good practice between members in order to promote ways of
teaching computing and support educators in providing the new UK curriculum with its

focus on programming.

The drive to improve digital skills in children is gradually being adopted by other
countries. In 2015, Microsoft conducted a study among 250 Singapore students to look
at interest in coding. Results showed that the majority surveyed (76 percent) viewed

coding as very important in their education and consequently future careers. The
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positive comments towards coding was equally shared by males (79 percent) and

females (74 percent) even though elsewhere coding is often dominated by males.

Singapore has now started the implementation of CT awareness among school children
(https://www.techinasia.com/jules-school-of-fish-preschool-computational-thinking).

The Singapore-based company Jules has constructed a curriculum that is intended to
promote and teach computational thinking to preschool children. They believe that
these students would learn more easily about digital literacy given their young age.
Jules founder Jonathan Chan stated that CT is a beneficial and important skill that
allows children to become successful problem-solvers in the 21st-century digital
economy. The lessons are taught to preschoolers through tablets, feature interactive
teacher characters, games, activities, and videos. In March 2017, the Government of
Singapore revealed a $3 million programme to distribute 100,000 pocket-size, codeable
gadgets to school-going children and adults over the following two years to teach basic
coding (http://www.straitstimes.com/singapore/education/pre-schoolers-get-early-

start-in-coding-game).

Malaysia has begun working hard to implement a CT curriculum throughout schools at
all levels from primary to secondary in order to be in line with its nearest neighbor
Singapore. Normally schools and other institutions in Malaysia which teach
programming do so using classroom-based teaching practices. However most recently
the use of Virtual Learning Environments (VLE) has been used in Malaysia (Chean, Ho,
and Chai 2018). The challenge is for Malaysian educators to design and prepare learning
content that enables students to learn at their own pace and skill levels (Chean et al.,
2018). It has been demonstrated that novice student learners who solely rely on
learning content face a number of difficulties in learning a programming language for
problem solving. One of the difficulties that often arises for them is that the problems
and their solutions are complex. Use of software to visualize the process was found to
be a clearer and more effective way of transferring knowledge. Motivation to use it,

however, was not found to be good.
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The concept of using programming as a tool to develop computational thinking skills, as
explained in this study, owes its basis, in part to the holding effort of Denning (2009),
Jenkins (2002), McCracken et al. (2001) and Pdlya (1985). It is this augmentation to

learning with tools and technologies which is discussed in the next section.

2.3 TOOLS AND TECHNOLOGIES FOR TEACHING PROGRAMMING AND CT

Numerous studies have argued that students view computer programming as a purely
technical activity rather than a set of combined problem-solving skills (Kazimoglu et al.
2012). Learning CT is often thought of as a “barrier” for learning technology (B. D. Barr,
Harrison, and Conery 2011) by those who do not perceive themselves as able to be
programmers. Novice programmers may not actually think of the process of
interpretation or compilation but to understand how the language is understood by the

computer can be at a level of abstraction that is also beyond the novice (Guzdial 2003).

Despite pre-service teachers’ views that computer technology can provide useful tools
for personal and professional use (Levin et al., 2000) a number of factors have been
identified to explain why teachers feel unprepared to use technology in their
classrooms including insufficient access to technology, lack of time and lack of skills

(Tondeur et al. 2012).

“It has been said that a person does not really understand something until after
teaching it to someone else. Actually a person does not really understand something

until after teaching it to a computer, i.e. expressing it as an algorithm” (Knuth, 1996).

However technological advancement is providing more pressure on pre-service
teachers to improve their teaching expertise in this area (Boulton and Hramiak 2013)
and the number of online resources are growing (see, for example, The Barefoot
Computing Project (http://barefootcas.org.uk, 2015)). It has already been established
that it is important to educate teachers with an adequate knowledge of CT and how to
incorporate it into their teaching (Yadav et al. 2014) and research argues that the

possession of CT skills is fundamental to this. Use of technology to teach programming
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has met with limited success, however, (Takemura 2007) despite the different
approaches that have been taken. The following section provides a review of tools and
approaches that have been used to teach programming and CT and discusses the merits

and disadvantages of each.

2.3.1 Graphical User Interfaces for Programming

One train of thought in teaching programming is to encourage the user to think about
and plan the execution of their program without having to worry about syntax; in other
words, to begin to think computationally (Sherrell 2010). Graphical User Interface-
based programming tools like storytelling Alice (Daily, Leonard, and Jorg 2014) and
Scratch (Sdez-Lépez, Roman-Gonzélez, and Vazquez-Cano 2016) are tools designed to
teach programming in this way. These tools have been popular in schools (Maloney,
Resnick, and Rusk 2010) but their effectiveness still depends on the learner and their

background.

2.3.1.1 Storytelling Alice

Storytelling Alice (SA) is aimed at teaching fundamental programming skills such as
variables, looping and conditionals. It was originally designed to engage middle school
girls aged 12 years and above and develop their digital fluency and CT skills (Daily,
Leonard, and Jorg 2014) (see Figure 2.1). Learners construct programs by dragging and
dropping code elements, thus removing the possibilities of making syntax errors, whilst
the animations allow them to see semantic errors as they occur. Researchers also use
Alice as a tool to support the development of algorithmic thinking, problem solving, and
event processing (Utting, Cooper, and Kolling 2010; Daily, Leonard, and Jorg 2014). A
study conducted by Kelleher et al (2007) used storytelling Alice programming to create
a solid gateway to a programming experience that could attract girls into programming
(Kelleher, Pausch, and Kiesler 2007). However, they also found that there is a risk that
Storytelling Alice may not work as well for boys as girls. The effectiveness of Storytelling
Alice has, however, been found to depend on the learner’s background in computing.
Users with some experience of programming have shown signs of engagement with the

tool (Linda et al. 2009) but those with no computing background have been observed to
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find the tool difficult to use (Utting, Cooper, and Kolling 2010). Werner, Campe, and
Denner (2012) have subsequently emphasised that students can easily learn complex
computer science concepts such as abstraction, modelling, control structures and event

handlers while using Alice.
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Figure 2.1: Storytelling Alice Interface.

(source:www.alice.org/index.php)

2.3.1.2 Scratch

Scratch is a free programming environment which enables young learners to create
interactive stories for themselves and then share them with other online users
(Brennan & Resnick, 2012 ; Lye & Koh, 2014) (see Figure 2.2). Scratch has been popular
with young people and has been used by those new to programming with good results
(Grover & Pea, 2013 ; D. Wang et al., 2014). Learners can build their programs using the

graphical blocks provided and create simulations, animations and even games.

Scratch is aimed specifically at young learners and provides a valuable resource in
schools (M. Resnick et al. 2009; Brennan and Resnick 2013). Its effectiveness like
Storytelling Alice, however, depends on the learner and their learning style. If a learner

cannot see the value in what they are learning then motivating them to use the tool can
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become a problem (Chang et al. 2012; Y. Lee and Lee 2014). Additionally, Scratch and
Storytelling Alice are aimed at teaching children to program and less suitable for
engaging adults. In summary, the results of the study found that it is necessary to
evaluate their problem solving and logical thinking skills through Scratch and the
students had also displayed their creativity through the process. In another study
conducted by Sofian Azmi, head of sector, innovation, information and communication
technology at the Education Ministry of Malaysia, a Microsoft survey involving 1,850
students from Asia showed a growing interest in coding among students — 88% of
students in Malaysia wanted to know more about coding and 68% wished it would be
offered as a core subject in schools (BERNAMA, 2015). As a result of this initiative
teachers will undergo a three month online course to teach coding in Scratch because

the government will not incur costly licensing fees as it is free.

Figure 2.2: Scratch Interface

(source: scratch.mit.edu)
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2.3.1.3 Text-based Programming Language - Python

Functions in Alice are supported through the underlying Python language. In Alice,
functions are primarily used in the implementation of recursion/looping, and in the
implementation of interactions via events (Pausch & Dann, 2000). Python is a freely
available open source high level computer programming language, developed at the
end of the 80’s in the Netherlands, by Guido Van Rossun, and was published for the first
time in 1991. Python has some characteristics that make it a good language for learning
programming: its syntax is clear and objective and its dynamic typing makes variables
automatically determined at execution time (Begosso 2012). Python is also used to
introduce coding concepts with older students. Research conducted in Finland by
Begosso (2012), emphasized the use of Python to introduce programming concepts and
the results were very motivating: high school students reported feelings of success
when writing and reusing structured programs they worked with. The language was
adopted to strengthen object oriented concepts. But the students were all from a
computer science course, in this study Python was not considered suitable because the
level of language used is high for the non- computing background users (Aiken et al.,

2013).

Aiken et al. (2013) used VPython (http://vpython.org/) a high-level programming
environment for a 9" grade conceptual physics course in the USA. Computational
assighnments followed in-class experiments and problem solving sessions. After
instruction, roughly a third of the students were able to successfully complete an
individual assessment in which they constructed a model of a new physical system. In
addition, the SECANT (Science Education in Computational Thinking) project
(http://secant.cs.purdue.edu/) (Ahamed et al.,, 2010) conducted at Purdue University
used Python focusing on computational methods and visualizations. This project
collaborated with two high school physics teachers to incorporate selected material of
the 23 Matter & Interaction Curriculum with computational thinking principles into high

school physics.

StarLogo the Next Generation (Klopfer & Yoon, 2000; Muratet et al., 2009) is an

environment which uses similar principles to Scratch in that learners can place graphical
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blocks together to create programs. Students are motivated to use the system by the
opportunity to design and build computer games. Users can visually learn programming
through StarLogo (Busaki, lijima, and Konno 2014). The use of 3D graphics and agent-
based programming allows them to create simulations and observe complex systems.
The tool also allows them to develop CT skills such as algorithmic thinking,
generalisation and evaluation since they have to select and put together blocks
providing functionalities which build on other functionalities. However, there are some
restrictions to the use of Starlogo because programmers must understand the unique
languages of the systems as well as structures and the concept of agents (Busaki, lijima,

and Konno 2014).

Encouraging engagement with an environment is key to its success (Maloney, Resnick,
and Rusk 2010; Brennan and Resnick 2013) and games are one such approach to
achieving this with users with different ability levels. Games that are designed to teach
are discussed in the next section. Further tools which use agent-based programming

and robots are discussed in Section 2.3.3.

2.3.2 Serious Games

Serious games are games in which “a mental contest, played with a computer in
accordance with specific rules that uses entertainment to further government or
corporate training, education, health, public policy and strategic communication
objectives.” (Zyda 2005). They have been used with varying degrees of success in
teaching environments and much research has gone into the effectiveness of these
games for learning. In order to be effective the game must firstly encode the learning
outcome in the game mechanic (Habgood 2010) and secondly, there needs to be the
motivation to learn through games (Vs, Building, and Hamzah 2011). The development

of games therefore takes time, attention to detail, and can be costly (Bond 2010).

The National Science Foundation is an organisation which has funded projects in areas
such as the Innovative Technology Experience for Students and Teachers (ITEST),
Academics and Young Scientists (AYS) and Research and Evaluation on Education in

Science and Engineering (REESE)(l. Lee et al. 2011). As part of this, research has been
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carried out into the design of games to teach programming and associated skills

(Kazimoglu et al. 2012).

iGame is an after-school program funded under this initiative with the aim to engage
students in CT. In this program students used Storytelling Alice to design and build their
own games (. Lee et al. 2011). As discussed above, Storytelling Alice allows the
relatively easy creation of 3D animations and therefore allows students to develop and
test complex abstractions quickly and precisely (Kelleher, Pausch, and Kiesler 2007).
Students used the tool not only to design and build games but also to define their own
methods to create new behaviours within the game using existing behaviours built into
Storytelling Alice. This process involved students creating their own abstractions. They
were then able to analyse whether or not their abstraction was correct and efficient by
observing whether the game was played by others in the way it was intended. The code

could then be edited to adapt the game or correct any semantic errors.

Students also play-tested their peers’ games and analysed them with respect to
playability, engagement and fun as well as being able to test the quality of abstractions
created. However, whilst the purpose was to build an understanding of CT it was
observed that most game programmers did not use the environment as intended. The
intention was that they would scale up their abstractions and use programming
constructs to allow these abstractions to be used in different situations, but instead
students were observed to just repeat commands that they understood, thus

demonstrating a lack of CT skills.

Prog&Play (Muratet et al. 2012) is aimed at first year undergraduates learning the
basics of programming. The tool is designed to encourage students to formulate
strategies for a real-time strategy game and evaluate the effectiveness of those
strategies on the game outcome. Students write programs (instructions) to manipulate
game units according to their strategy. The tool is designed to teach CT skills and the
use of game design is considered as a motivating factor for students. The tool has
undergone several iterations, a later one of which was designed to enable teachers to
build the game themselves for their courses. Teachers’ initial reports indicated that

they were encouraged to continue using the tool. There was a lack of evidence,
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however, of teachers using the tool with the strict intention of learning programming or

CT skills themselves.

A study in Malaysia examined the game-based approach technique used to motivate
students to learn object-oriented programming (Wong, Yatim, and Tan 2016). Odyssey
of Phoenix is a computer game that allows players to learn object-oriented
programming concepts and paradigms in an easy and motivated environment. The
limitation of this game is that the Odyssey of Phoenix is a stand-alone game in which
each player plays and learns in their own time. The game helps users to understand the
concept of object-oriented programming. The gaming part aims to increase and nurture
the users’ curiosity in learning the knowledge. The study took place in one of the
private colleges in Kuala Lumpur Malaysia. A group of 35 students in the first year of
Bachelor of Game Development were offered to test the game. The results from the
test showed the overall average of students who strongly agreed with the Odyssey of
Phoenix being effective was 30% and those who agreed 55%. Even though the results
showed positive output of the study, however not all game genres are suitable to be
developed as learning and teaching tools (Rajaravivarma 2005; Muratet et al. 2012) and
the Odyssey game was limited to teaching the object-oriented programming subject

only and not to other programming subjects.

2.3.3 Robotics and Agents

Programming robots can be an effective way of learning CT skills (Kazimoglu et al. 2012;
Catlin and Woollard 2014) because behaviours need to be programmed and the
programmer needs to understand logic, reason and plan those behaviours. Numerous
tools and simulations have been built over the years which use Atrtificial Intelligence
(Al)-based robots to explore environments or play games and for response planning
which uses CT skills (Catlin and Woollard 2014). Thus this section examines how

Robotics has been used to teach CT skills and programming.

Logo (Pea 1983; Kahn 1996; Mayer 2004) was a simple, very early scripting language,
the purpose of which was to teach programming concepts. It is perhaps more well-
known for the application known as Turtle Graphics (Mayer 2004) which first used Logo

to instruct a “turtle” to draw lines on a computer screen display. Logo has been used in
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schools to teach pupils to break down desired behaviours into individual instructions
(decomposition) which can then be input (algorithmic thinking) and evaluated against
what was planned (evaluation). Many subsequent versions of Turtle Graphics have been
developed (C. Jenkins 2015), including more sophisticated implementations using
tangible objects on a table top which are used to program the turtle (see for example

TurTan, discussed in Section 2.3.4 (Gallardo et al., 2008)).

Wumpus World (Stansfield, Carr, & Coldstein, 1976; Sardina & Vassos,2005) is a game
which involves an agent exploring a virtual world grid in order to collect gold bars
without being caught by the “wumpus”. The original world used a text-based
representation and the agents moved about the world and responded to various
“precepts” or stimuli in the virtual environment. The game therefore involved logic and
reasoning and players could program agent behaviours using Al scripting or programing
languages. It proved a popular game and versions of Wumpus World, with increased
sophistication, have been implemented in various languages over the years since its

initial creation in the early 1970s (Stansfield, Carr, and Coldstein 1976).

WISE (Wireless Intelligent Simulation Environment) (Cook et al. 2004) is one such
implementation that builds on Wumpus World by modelling a real physical
environment through which physical robots explore and respond to real stimuli. WISE
was designed to teach and strengthen understanding in Computer Science areas such as
Al and wireless mobile networking through simulation. The tool was not designed
specifically to teach programming, but to be used in laboratory exercises where

students extended or tested simulations.

Wumpus World, WISE and similar agent-based games strengthen CT skills through the
need to reason, evaluate and plan behaviours (Sardina and Vassos 2005). However, the
need to program behaviours can prove challenging for those who don’t have a
programming background. For example players with a Social Science background were
observed to struggle with understanding scripting and programming the behaviours for

WISE (Sardina and Vassos 2005) resulting in a reduced ability to learn CT skills.

Robocode (Muratet et al. 2009) is a programming game through which players program

the Al of a robot which is used to play battle tanks. It has been used to teach
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programming (Java, in particular) to students at schools and universities but again is not
suitable for novices who have no background in programming at all. As with other
agent-based games, it does, however, strengthen skills in algorithmic thinking and

problem solving through the need to plan tactics and behaviours of the robots.

Middle and high school students aged sixteen years old or younger in Colorado, USA,
took part in the iRobot project (in which programs comprise of chains of wooden blocks
shaped like jigsaw puzzle pieces) in order to learn to program robot behaviour. The
students had to consider real world input (sensors) and output (actuators) and design
how the robots interacted within the physical environment. They then evaluated the
robot’s behaviour to determine whether their implementation was correct (. Lee et al.

2011).

In Malaysia, teaching CT is still a relatively new development, formally introduced at the
time of writing, in 2017, despite the fact that learning CT through robotics has been
practiced at selected schools prior to this. These selected schools (Sekolah Bestari) have
been using robotics to teach students since 2003. However, cost has played a large part
in the success of this and has meant that implementing more widespread teaching of CT
has been impaired. Teachers or schools that have adequate facilities (e.g. computer
labs) are normally in urban areas or have been selected as high-performing schools and
have been given the provisions to teach CT using the latest technology (Abas, 2016;
Azlee, 2016). There are certain initiatives for teaching CT such as PERMATA pintar
Negara, a holiday club subsidised by the Government of Malaysia, which provides an
enrichment program for young, gifted children to learn science and technology using
robotics (Ramli, Yunus, and Ishak 2010). During the experiment, students use LEGO®
Mindstorms NXT bricks to enhance their creativity and to learn engineering skills and
computer programming (see Figure 2.3). LEGO® Mindstorms NXT has been used
successfully to motivate and teach robotics and programming, whilst being inexpensive
(Ramli, Yunus, and Ishak 2010). The approach is still in its early stages and is being

explored further (Mariappan, Sing, and Nadarajan 2015).
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Figure 2.3: Lego© NXT Programming.

A study conducted in a school in Johor, Malaysia involved groups of students engaging
in educational digital game activities using robologic (K. Tommy, 2014). In this study the
content was related to programming and appropriate to the respondents’ backgrounds.
The students were all upper secondary school. The results from the experiment showed
that more than 85% of agreed that learning using digital games was fun and interesting
(L. Lehat et al., 2015). Moreover, 75% of the respondents strongly agreed that that
digital game helped them to think critically. From the test, 87.5% said the "Robologic
Games" made the problem solving process more interesting and 89.5% found it

challenged their understanding of the subject.

As has been discussed, robots have been programmed by writing code but other
methods have been developed which take tangible objects and combine them using a
similar idea to Scratch. This again, abstracts from the complexities of programming
syntax whilst enabling users to learn CT skills. Tangible programming has been used to
control robots (D. Wang, Wang, and Liu 2014; Kazimoglu et al. 2012) but also to teach

programming and CT skills in general. This is discussed in the next section.

2.3.4 Tangible Programming

It has already been established that one approach to teaching programming to novices

is to abstract from the syntax and allow the learner to use higher order thinking skills
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(CT skills) to formulate and put together a sequence of objects representing
functionality. Section 2.3.1 discussed this in particular and presented GUI-based tools

such as Scratch and Storytelling Alice which use this principle.

Tangible programming makes use of this approach but uses real physical objects rather
than GUI-based objects so that learners can physically grasp those objects and place
them together to create a meaningful program (Horn et al. 2009). Tangible objects
therefore involve electronic components including sensors, actuators and processors.
The idea is that the objects represent some meaning or function (in this case
programming constructs) and there can be interaction between the objects if they are
placed together or in particular places resulting in some behaviour or output. The
advantage of tangible objects is that they can appeal to the way young children learn

due to the fact that they use active manipulation of real objects (Tarkan et al. 2010).

Electronic Blocks (Wyeth and Wyeth 2001) are Lego Duplo Primo™ blocks that have
been designed to allow young children (aged 3-8) to use their existing skills of
construction with the aim of teaching programming skills. The blocks have been
adapted by incorporating electronics inside them so that each block provides a
particular functionality. This might be an action, such as lighting up or emitting a sound,
sensing the environment, such as detecting sound or touch, or providing some logic to
adapt the behaviours of other blocks. Children can combine blocks and the output of
one block feeds into the input of another block. This enables the children to plan
outcomes, in a similar vein to designing a program, and experience interesting but
sometimes unexpected results. Initial results indicated that the blocks were popular
with both children and teachers alike and children were observed to create stacks of
blocks to perform certain functions and to “debug” those stacks when not working.
They also reused working combinations of blocks in a way akin to code reuse. There
were a few children who did not understand the functionalities of the blocks and others
understood how to use the simple logic blocks but not how these might be built upon

further to extend to more complex scenarios.

TurTan (Gallardo et al., 2008) is based on Logo and involves manipulating tangible

objects on a table top interface to perform Turtle Graphics. Tangible objects represent
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programming instructions and the aim is to enable learners to use these to create and
build functionality and therefore learn programming concepts (see Figure 2.4). Whilst
the expense is still an issue, table top computing offers strong affordances for
collaboration (Gallardo, Julia, and Jorda 2008) and so can enable scaffolding which

promotes learning.

Figure 2.4: Tur Tan Interface Design

(Source from (Gallardo, Julia, and Jorda 2008))

Plenty of tools have been built which have the potential to develop programming and
CT skills in children, see also, for example, Tern (Horn & Jacob 2007; Horn et al. 2009)
Toque (Tarkan et al. 2010) and T-Maze (D. Wang, Wang, and Liu 2014). However
research is limited in terms of assessing the effectiveness of these tools for nurturing CT
skills (Grover and Pea 2013). A disadvantage of tangible tools is the expense due to the
electronic circuitry involved, which means they are not easily available for children in
developing countries. Table top interfaces are particularly expensive and unwieldy and
so even less suitable, although, as mentioned, the collaboration they afford is valuable
in the learning process (Gallardo, Julia, and Jorda 2008; Ahn et al. 2014). Tools which
encourage collaboration through conventional desktop interfaces are cheaper and are

discussed in Section 2.3.5.

2.3.5 Collaborative Learning Approaches
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Collaboration between peers has been widely acknowledged as a powerful teaching aid
as it encourages peers to explain concepts to each other and therefore for scaffolding

to take place (Vizcaino et al., 2000; Meluso et al., 2012).

One such system that takes the collaborative approach is Cleogo (Cockburn and Bryant
1998; Muratet et al. 2009) through which several learners can collaborate in the
development of programs to solve problems. Learners can take different approaches to
do so according to their preference and skill level and the use of 3 different
programming paradigms are provided, between which they can mix and match. For
example, learners can program a turtle by entering text-based (Logo) commands,
clicking icons or dragging and dropping the turtle and they can collaborate and work
together on this, with different learners adding behaviours using different programming
paradigms. Actions initiated by a learner in any one programming paradigm, are
displayed simultaneously to learners using the other two paradigms. Therefore a
learner who uses direct manipulation is able to see the corresponding text-based
commands that would cause the same effect. The tool therefore engages learners with
others in their group and their collaboration provides the opportunity for them to
explain to and learn from each other. The interface, seen in Figure 2.5, is very bright
and stimulating as it is intended to appeal to younger learners and not pre-service

teachers.
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Figure 2.5: Cleogo Screen Layout

(source: Cockburn & Bryant 1998)

Col-E was developed to teach the early stages of programming to novices (Phuong et
al., 2009) with the aim of engaging online peers with others who may be more
knowledgeable, but also motivating them to overcome their programming difficulties. It
aims to do this using a voting mechanism and the award of points for contributing.
After preliminary sessions using the tool, the points awarded by learners to their peers
and the grades awarded for their programming by the teacher were used to group
students who then continued to use the tool in their new groupings. This enabled

learners to be matched with others who could complement their learning.

Teachers also benefited from this approach since, whilst the learners were scaffolding
each other, teachers could concentrate on supervising more complex learning. The aim
was to help tackle demotivation of students that can occur in a learning environment

with an already stretched teacher.

What the tool did not target specifically was the teaching of CT skills in a way which

encouraged higher order thinking. Students used the tool to learn to program but this
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did not mean they were able to transfer their understanding to tackling other problems.
In other words, it could not be assumed that they learned to generalise using the tool.
Additionally, there were limitations to the study since the tool was evaluated in a
learning environment where several members of staff (Teaching Assistants) were
present and so pupils were already well supported. The authors acknowledged that this
environment did not provide the programming conditions that would be experienced in

a more typical situation and that the tool needed to be evaluated further.

HabiPro (Vizcaino et al. 2000) was an adaptive collaborative system which was designed
to teach good programming practices, but not specifically to teach programming. It did
this by developing skills needed to become a good programmer, namely observation,
reflection and structure; in other words skills which can align to CT. The tool presented
exercises to learners but adapted what it did according to the behaviours of the
learners. It built up a model of the group which characterised it in terms of abilities,
preferences for types of exercise and mistakes made, as well as motivation (determined
by the type of help selected by the group) and participation. Different versions of the
system were developed with different floor control mechanisms (no floor control
through to turn taking and requesting the floor). A disadvantage of not having floor
control was observed in that some students wrote answers to the problems in the chat
window without a discussion with other group members, thus removing some of the
mechanisms which could enable knowledge construction. Another issue was group size;
it was found that if a group had more than 3 members then communication and

negotiation between the members became difficult and collaboration decreased.

This section has presented a number of different types of tools which have been
designed to teach programming and CT skills. Whilst the tools have provided different
benefits to learners, such as interesting and engaging interfaces, collaboration and
game-play, a significant limitation is that most of the research into these has
concentrated on teaching children and not adults such as pre-service teachers.
Additionally, there is no strong evidence as to the effectiveness of these tools or
approaches. Measuring their effectiveness requires the ability to measure and assess CT

skills which can be difficult in studies involving few participants or children. The next
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section moves on to a body of research which has looked at how to assess CT skills and

how to measure them quantitatively.

2.4 ASSESSING COMPUTATIONAL THINKING

It has been shown that the ability to program (not necessarily code) relies on CT skills
but in order to effectively teach programming and CT skills there needs to be a reliable
way to test for the presence of these skills. Researchers have recognised the lack of
assessment mechanisms that have been developed for this (Werner et al., 2012; Zhong
et al., 2015) although over recent years some efforts have been directed at developing
assessment approaches and these are presented here. Approaches have taken the form
of games and stories, assigning specific tasks designed to use CT skills without needing
to program, coding behaviours and video analysis of young children partaking in
problem solving. Numerous authors emphasise that knowing how to assess a persons
grasp of CT concepts and practices is essential for full and effective integration of CT in
education (e.g. Grover et al., 2014). Assessment is a crucial aspect of CT in education
that is still underdeveloped (Bocconi et al. 2016). Kolodner (2011) believes that CT is a
set of skills that transfers across disciplinary domains (NRC 2011, p. 54). He added that
“the CT community needs to identify exactly what is meant by CT to decide what
learners should learn and to assess and evaluate what learners know, what they can do
and their attitudes and capabilities with respect to CT” (NCR, 2011, pg. 61 - 62).
Kolodner (2011, as cited in NRC, 2011) identified three reasons for assessing
computational thinking: first is to judge the curriculum and related materials and
pedagogy, second is to judge the progress of individuals, for example, for giving grades,
and third is to manage instructor training and support. The following sections look at

how CT can be assessed in various ways.

2.4.1 Project Portfolio

Frequent use of computational constructs is favoured, but their effects on final
artefacts and the relation between final artefacts and pre-defined learning goals are

rarely considered (Basu, Kinnebrew, & Biswas, 2014). Use of a Project Portfolio is one of
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the methods used in assessing the development of computational thinking in young
people who are engaging in design activities with Scratch. Brennan and Resnick (2012)
said that this approach involved using a “scrape tool” which is used as an analysis tool.
Scrape tool is normally used by Scratchers to learn new blocks, the layout of the
scenario is appealing and beneficial for the learner especially for the useful assessment.
This method is totally product-oriented, and shows nothing about the process of
developing projects, and nothing about the particular computational thinking practices

that might have been employed.

2.4.2 Artefact Based

Secondly, Brennan and Resnick (2012) mentioned that another method of assessing CT
was by “analysing the artefacts” for example games or models that are developed by
students as indications of their CT capabilities (Bocconi et al. 2016). For instance, the
students were asked to modify the code of a program so that the objectives will be
achieved. Then, they need to troubleshoot the program. They suggest that such a
debugging skill could be an efficient way to assess the effectiveness of the learners

problem solving in programming skills.

Besides that, authors like Yadav et al. (2015) reported that they made use of “multiple-
choice assessments and attendant rubrics” to assess the CT skills of middle school
students. Recently a study from the UK Computing At School (CAS) initiative has started
a project called “Quantum” on assessing computing in primary and secondary schools
by providing a free access online assessment tool that helps teachers to check their

students' understanding and support their progress (Bocconi et al. 2016).

2.4.3 Design Scenarios

“Design Scenarios” are another method proposed by Brennan and Resnick (2012) which
they used exclusively in classroom settings. There are three main strong points for this
method. First, the scenarios can explore different ways of understanding about

knowing, such as critiquing, extending, debugging, and remixing, as well as the concepts
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and practices. Second, the design scenarios are planned to be used at three waypoints
over time, a method that focuses on a developmental approach. Finally, the scenarios
highlight “process-in-action”, rather than “process-via-memory”. However the
limitations of design scenarios are that they are time consuming, particularly in the case
of the debugging and extension activities. Their conclusion of the three methods of
assessment (project portfolio analysis, artefact-based and design scenarios) was that
none of the three approaches were particularly effective for understanding changes in

computational thinking perspectives (Brennan and Resnick 2012).

2.4.4 The Fairy Assessment

The Fairy Assessment (Werner, Denner, Campe, & Kawamoto, 2012), is a Storytelling
Alice program which was designed to assess the ability to think algorithmically and to
effectively use abstraction and modelling. An interesting contribution regarding the
measurement and the assessment of computational thinking was their attempt to
measure the understanding and use of different computational concepts that students
utilize to solve problems. Students were set tasks within the flow of a story which
required them to use drag and drop techniques to alter behaviours of the story
characters. These tasks were designed to fit the CT skills being assessed and the
solutions produced were analysed and assigned points according to the level of
understanding and the ability to abstract that was evident. The main limitations to this
study were that paired programming was used and so assessment of the students in
pairs meant that the validity of data from these measurements was affected by the
influence of one student on the other and vice versa. It was therefore difficult to

ascertain the extent to which the assessment really measured aspects of CT.

2.4.5 Progression of Early Computational Thinking (PECT)

The PECT model is a framework for assessing CT skills in primary school pupils (Grades 1
to 6) (Seiter and Foreman 2013). The paper tried to give answer to the acknowledged
lack of effective methods for assessing CT skills in children of this age and a lack of data

concerning how CT skills develop in young people. The PECT model is comprised of
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three fundamental components of decreasing abstraction, firstly, computational
thinking concepts, secondly, design pattern variables and finally, evidence variables
which together provide a practical framework by which CT in the primary grades can be
observed and analysed (Seiter and Foreman 2013; Weese 2016). The model believes
that every student has an underlying proficiency in CT that reveals itself in the student’s
talent to design and execute programs to complete specific tasks (Seiter and Foreman

2013).

Seiter and Foreman (2013) tested this approach by creating the PECT model for
evaluating Scratch programs. PECT would seem to be an “artefact” based approach.
The CT concepts analysed by Seiter and Foreman are a subset of the computational

thinking concepts proposed by the CSTA (2012).

In a study by Brennan and Resnick (2012a) results from interviews with the Scratch
contributors revealed that the existence of a block (Scratch programming language is
via visual block-based (VBBL) artefacts) in a project is not verification of learning.
Learning progressions have been proposed by Franklin et al. (2016) that illustrate a path
that students go through in understanding a particular topic. They added that the
programming in VBBLs may need different ideas and skills thus the process of learning
becomes more complicated than the linear learning progression model for instance in a
text based learning language. In fact, other scholars have made the argument that
learning progression models, in general, are too simple to capture the learning process.
PECT has been applied for CT assessment and, according to Weese (2016), gives a

practical definition and view of CT.

In another study Duncan, Bell and Tanimoto (2014) found that in a Scratch module
being studied grade 1 students were able to work with patterns, which in a Scratch
program is called Animate Look (changing the look on sprite) and Animate Motion
(changing location with possible synchronization). However, repetition skills (collide,
user interaction and score) could only be learned by students in grade 4 and above. The
conclusion for their experiment was that certain patterns are best suited for certain

grades.
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2.4.6 Work with First Year CS Students in South Africa

Gouws et al. (2013) used questions taken from the South African Computer Olympiad
“Talent Search” papers (http://www.olympiad.org.za/talent-search/) to test the
aptitudes of first year Computer Science students. The questions used were designed
not to rely on knowledge of any programming language or paradigm and so could be
used for students who may have CT skills without yet knowing how to program.
Students completed the questions using pen and paper and, by looking at specific
answers to problems and their workings the researchers were able to infer the

techniques used by the students and the thought processes involved.

Based on the questions used and on a survey of CT definitions in the literature, the
authors proposed six classifications of CT skills, namely Processes and Transformations;
Models and Abstractions; Patterns and Algorithms; Tools and Resources; Inference and
Logic and Evaluations and Improvements. They then scored the students according to
these CT skills and examined correlations between this and the students’ class tests
results. It was found that high scores in the CT test correlated to high marks in the class
tests but the results of dependency tests varied. The authors acknowledged that this
research was at an early stage and proposed that the work should be conducted across

different institutions and through more longitudinal studies.

2.4.7 Video game creation

(Koh et al.,, 2010) identified several computational thinking patterns that young
students abstract and develop during the creation of video-games in a controlled
environment; they created an automated tool that analysed the games programmed
and represented graphically how far each game had involved the different patterns

when compared with a model.
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2.4.8 Peer Video

Portelance & Ave (2015) used peer video interviewing of young children to assess their
learning of CT skills. Having been taught foundational CT skills using ScratchJr pupils
were able to use what they had learned to create animations, stories and games. They
then interviewed each other about what they had created and recorded these using
iPads. The resulting videos enabled the researchers to gauge the CT skills that were
present through the explanations given by the pupils. This technique was deemed to be
particularly appropriate for capturing thought processes and assessing these in young

children but the study was only exploratory and further work is needed.

2.4.9 CTSiM

Another approach of assessing computational thinking is CT-based science learning that
is through using a CTSiM — a Computational Thinking based science learning
environment (Basu et al. 2014). In this environment, students first construct a
conceptual model and then design a corresponding computational model for a given
science phenomenon. The authors designed an independent system of pre-post
assessments for science and Computational Thinking and developed vector- distance,
effectiveness, and consistency measures to characterize student models. Using these
assessments, they showed that students gained significantly on both science and
Computational Thinking content in Kinematics and Ecology subjects. A study conducted
using CTSiM skills involving a learning by modeling approach (Wilensky, Brady, & Horn,
2014; Sengupta et al, 2013). CTSiM is proposed as an open-ended learning environment
(OELE). OELEs have the potential to provide meaningful learning opportunities to
students. While working with an OELE, students usually construct solutions to authentic
problems (Ningyu ZHANG and Institute 2017). In CTSiM, students use block-structured
constructs to model scientific scenarios using an agent- based framework (Wilensky, et
al., 2014). The advantages and feasibility of integrating CTSiM in everyday STEM
(Science, Technology, Engineering and Mathematics) learning contexts even for
teachers with little experience with computer- based learning environments (Ningyu
ZHANG and Institute 2017). Finally, the teacher herself gained programming experience

with the system. The study helped teachers become more comfortable with
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programming. Moreover, CTSiM is effective in helping middle students learn and
improve their understanding of CT concepts and skills. In addition, CTSiM fitted well
into the science classroom and helped students learn their science content better (Basu

et al., 2016).

2.4.10 Dr. Scratch

Dr. Scratch is a tool that had been created to support an educator's evaluation of
student programming and assess the development of CT (Bocconi et al. 2016). It
executes automatic testing of Scratch programs by perceiving the presence/absence of
conditional statements of students' tasks. The CT Score assigned by Dr. Scratch is based
on the capability expressed by the developer of using the seven concepts: abstraction
and problem decomposition, logical thinking, synchronization, parallelism, algorithmic
notions of flow control, user interactivity and data representation. Moreover, the tool
provides feedback to learners and assigns a CT score to the analysed projects. The
feedback report provided by Dr. Scratch was especially useful for secondary students
with an initial medium (developing) CT score (Moreno et.al., 2015). The CT score range
awarded was from 0 to 21 points, if the CT level is low it is assumed that the user is a
novice programmer and, consequently, the tool will only show basic information of the
most important improvements to perform in the code. As the score increases, Dr.
Scratch will show more information of the analysed projects. Thus, advanced users
receive a feedback report with all available information both in terms of CT skills and
bad programming habits. A limitation of this assessment method is that it is a web
application and thus requires internet access for it work (http://drscratch.org/). The
research group behind Dr. Scratch has developed a computational thinking test
(Roman- Gonzdlez, 2015a, 2015b) and has showed its strength with respect to other
traditional software quality and complexity metrics (Moreno-Ledn, Robles, & Roman-

Gonzalez, 2016).
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2.4.11 Motion Charts

For it to be possible to assess the use of Computational Thinking by students and judge
the validity of the assessments it is, first of all, important that the students engage in
the use of computational tools. The various methods of assessment are designed to
ensure CT is happening in school STEM classrooms (Weintrop et al. 2014). Each
assessment will therefore comprise of interactive tools that focus on the practice of
scientific and mathematical analysis. The computational tools used in the assessments
must enable students to analyse data with dynamic visualization and explore concepts
with computational models. The idea of Motion Charts is designed to measure
students’ mastery of skills such as manipulating, analysing and visualizing data from the
data skills category in the STEM taxonomy. Weintrop et al. (2014) state that the
assessment has students investigate a dataset containing life expectancy, average
income and population for six countries over the span of 60 years. Using Google Motion
Chart, students can see the data in three different formats (bar chart, line chart and
bubble chart) and make a selection of data to render and execute the chart for the

results.

2.4.12 Climate Change Model

In this assessment method, an agent-based model enables students to explore the
fundamental processes behind climate change (Weintrop et al. 2014). The model
measures students’ system thinking and modelling and simulation skills. The model is
powered by NetLogo and allows users to configure the inputs that define features of
the model (such as cloud coverage and the amount of CO, in the atmosphere). In
addition, the model calculates the position and behaviour of each element and students
have the ability to experiment with different settings to determine the cause of climate
change. The students need to run several trials and clarify the results. Moreover, they
must assess the overall validity of the model and identify assumptions built into the
model and simplifications it makes. These assessment sets have students use
computational tools that let them explore and engage with the concepts in a dynamic
way. This method gives a more reliable form of assessment of CT skills as it positions

the use of these skills within a computational context which the students can directly
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practice. Weintrop et al. (2014) stated that this assessment method supports and

measures the computational ideas and practices that are central to CT.

2.4.13 Principled Assessment of Computational Thinking (PACT)

The intention of the design of PACT is to design, develop and validate CT assessment
(Gouws L. et al., 2013). In their study the authors use their own CT test to assess the
correlations between computational thinking and critical thinking. This testing is aimed
at both computer science majors and non-majors, with early results indicating little
correlation between the critical thinking and computational thinking scores (Gouws L.
et al.,, 2013). PACT is a proposed research grant that collaborates with Exploring
Computer Science (ECS) developers and teachers to design, develop and validate
assessment of CT for ECS validation. Applying the ECS curriculum for researching
assessments of CT will deliver direct value for ECS teachers and students. In addition, it
can transform computing in high school (https://pact.sri.com). PACT offer CS teachers
with accessible resources for assessing their students’ CT knowledge and skills. The
PACT project represents an important part of efforts to fill the computer science
pipeline with a more diverse population of students. High-quality assessment tools and
resources will lower barriers for adopting and using the ECS curriculum, as well as other
CS curricula, and readiness to engage in further learning. The PACT project offers both
new and experienced CS teachers with adaptable resources for assessing their students'

knowledge and skills in computational thinking (http://pact.sri.com).

2.4.14 Creation of a Framework of Specially designed Tasks

Another approach taken has been the creation of a framework of specially designed
tasks (Zhong et al. 2015). Work in this area is still in its infancy and there is no evidence
that particular techniques are more appropriate for assessing CT skills than others.
Additionally, as has been discussed in 2.4.5, techniques need to be designed that are

appropriate for the type and age range of learner being assessed.
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The next section moves on to examine the area of motivation and the role this plays in

effective learning.

2.5 MOTIVATION

We have seen in Section 2.3 that, whilst there is a range of tools available to teach
programming, many of them are either designed for children or require some basic
knowledge upon which to build. For adults who are new to the domain, teaching
programming can be challenging due to having to build CT and programming skills with
a teaching method or tool which is age appropriate, and due to the fact that often there
is a fear of computing and programming seen in these learners (Radosevi¢, et al., 2009;

Lin, 2012; Tondeur et al., 2012).

The importance of programming knowledge has rapidly increased in education in recent
years (CAS website; June 2016). The term “digital native” was coined by Prensky in 2001
to refer to young people who were born in the digital era and who he therefore
considered to be naturally technologically competent (Prensky, 2001). Whilst there is
some dispute in the literature over this black and white division of abilities (Ng 2012),
use of technology and coding is becoming increasingly considered as an essential skill in
the digital age (B. D. Barr, Harrison, and Conery 2011). However, contrary to the idea of
all children being digital natives, some do not adapt to the thinking style needed to be
able to program. For example some have difficulties in visualizing the concepts behind
programming, while others can build a picture of what a program is doing just by
looking at the code (Williams & Kessler, 2000; Resnick,2007; Portelance &Ave,2015). A
consequence of this, which adds to the challenges for teachers, is that students develop

different learning rates.

Teaching a practical discipline like programming requires the teacher to persuade
students to agree to practice by engaging in writing programs (T. Jenkins 2001a). It has
been acknowledged that, in particular, it is not easy to motivate non-technical students
to learn programming because programming is not a primary interest of theirs
(Takemura et al., 2007). Indeed, teaching computer programming to non-computing or

social arts users has been found challenging for both teachers and students alike (Li,
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Xiao, & You, 2010; Raadt, 2008; Rudder et al., 2007). Boulton (2008) stated that “there
needs to be an awareness that younger students of full-time compulsory school age do
need training in using e-learning materials and developing independent learning skills”.
Such training, however, needs to motivate learners and for adults many tools designed
to teach programming may not motivate in the same way that they do for children. The
next section examines motivation in more detail and discusses types of motivation and

how to engender it in teaching environments.

2.5.1 Motivation to learn

Learning must not only be the process of knowledge transfer from the expert to the
novice, but it must also include the construction of knowledge by the learner when
cooperating within their environment. People have diverse ways of learning. Some
learners can adapt better when the knowledge is received visually, verbally or through
another sense (Najjar 1996) and this has consequences for the instructional methods

used which need to be varied for different learners.

In 1990, Franzoni et al. published a paper in which they described numerous studies on
the efficacy of combining multimedia with learning styles in education systems
(Franzoni et al., 1990). Interactivity, control of learning pace and novelty are all
alternative ways to create better learning environments and computer-based

multimedia can be used to improve the level and rate of learning (Najjar 1996).

If the educational standpoint defines what current learning is needed, then the
psychological perspective can contribute some understanding on the motivational
factors for successful learning. Motivation to learn depends on the learner’s capability,
the nature of the skill to be learned and the learner’s perception of the value and
difficulty of learning the skill (Frith 1997). Psychological factors also include the
emotional experiences while learning and much of the psychological theory seeks to
better understand human thoughts and behaviours to provide a better understanding

on how students learn (Poulou 2005).

Motivation is important for students’ success (Frith 1997), but it is an abstract concept

that is hard to measure. Whilst a person’s behaviour can allow others to infer their
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motivation it is never possible to be certain (Jenkins 2001b). Motivation has different
characteristics depending on the type and these types sit on a continuum along which
some researchers believe is motivation to perform specific tasks (R. Ryan and Deci

2000). The following section examines these types of motivation.

2.5.2 Types of Motivation

People may be motivated through their underlying attitudes and the goals that they
have. In other words, according to Ryan and Deci, it concerns the “why” of actions (R.
Ryan and Deci 2000) and the “why” is significant in terms of the type of motivation that
results. The type of motivation that is present in learners has significant implications for

their education (R. Ryan and Deci 2000).

The key to inspiring students through truly motivational instruction is to maximize the
positive effects of each of the motivational factors. This can be described more in terms
of the types of motivation and what influences them:

e Extrinsic — This derives from the desire to perform an action in order to attain
some expected reward or avoid some negative outcome (T. Jenkins 2001a)
2001a). Students can perform extrinsically motivated actions with resentment,
resistance and disinterest (if the result of not doing so will result in a negative
consequence) or with an attitude of willingness that reflects an inner acceptance
of the value or utility of a task (R. Ryan and Deci 2000). An extrinsically
motivated student may for instance do very little for which there is little
perceived reward. In students a primary motivator can be the career and
associated rewards that will follow from the successful completion of the course

(T. Jenkins 2001b).

e Intrinsic — This derives from an interest in the task or subject (T. Jenkins 2001a).
Students with intrinsic motivation would be anticipated to read about the
subject, perform more using their own initiative and from their own views on
the material they were taught. Intrinsic motivation is therefore a better driver
for learning and creativity and is especially important in education (R. Ryan and

Deci 2000).
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Knowing the difference between intrinsic and extrinsic motivation and what engenders
them is an important concern for educators as they cannot just depend on their
students having intrinsic motivation to learn. It is not uncommon for students to be
given tasks that they do not inherently enjoy or find interesting and so teachers may
need to find ways of extrinsically motivating students instead. It is essential, therefore,
that teachers use more active approaches to extrinsically motivate their students and
giving them choice can enhance this (R. Ryan and Deci 2000). However, as mentioned in
Section 2.3, teachers need to have the knowledge to prepare their teaching material
using tools and approaches that they feel comfortable with. The issue is therefore not
just about motivating students to learn, but motivating teachers to learn to use

technology to enhance their teaching methods and this is discussed in the next section.

2.5.3 Motivating In-Service Teachers and Pre-Service Teachers

As discussed, one principle of motivation is to be more dynamic or adaptive in the way
that content is presented to learners in order to stimulate curiosity (Frith 1997). This is
the most effective approach to teaching students in that students are more likely to be
rapidly familiarised with the content, and the provision of examples and then learning
exercises enforces this. In order to maintain or raise students’ motivation it is also
important to allow students to enjoy seeing the final product (Takemura 2007). One
train of thought is that use of computer games in learning environments is intrinsically
motivating (Prensky 2001). However, as seen in Section 2.3.2, the effectiveness of
games for teaching is dependent on game design and this is far from straightforward.
Empowering teachers to design and create their own teaching material enables content
to be created in a way that suits teachers and learners. Lin (2012) emphasizes that
educators can become creative courseware designers and certain environments have

been used by educators to do just this.

Adobe Flash and Action script is a programming environment that allows users to,
relatively easily construct interactive animations (Routledge 2007) which embed
elements such as graphics, audio and video (Miao & Zhong, 2011; Lamb & Johnson,

2006; Sorapure, 2006; Holzinger & Ebner, 2003;). It is frequently used in educational
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software (Miao and Zhong 2011) to produce dynamic learning materials that appeals to

learners of all ages (Grover and Pea 2013).

Technology in education can afford different teaching approaches. However, if in-
service teachers and pre-service teachers enjoy taking these approaches and enjoy
using technology in support of this then teaching will be made easier. It has been
established that to use technology in teaching ideally requires pre-service teachers to
not only learn how to use the technology but to enjoy doing so (Boulton & Hramiak,
2013) and, in turn, motivating pre-service teachers, and particularly those from a non-
technical domain is important. The other challenge is convincing students that they are
capable of programming to solve problems (Martins et al. 2010). If a programming
environment motivates users then they are more likely to keep working (D. Wang,
Wang, and Liu 2014) but only if they perceive that ultimately they have the capability to

overcome the task they have been given.

Section 2.6 moves on to examine the global growth of digital technology and the
consequences this will have on the provision of teachers who are able to teach

computing, programming and CT.

2.6 GLOBAL RECOGNITION OF COMPUTATIONAL THINKING

Developing digital economies throughout the world have prompted a growing
awareness of the need to improve computing skills and consequently address how
these are taught. In September 2014 the UK announced the need to improve the
education of computing and stated that computing would be a statutory subject for all
children from age 5 to 16 (Department for Education 2013). Since then a number of
countries have shared this view, including several from Europe, Japan, USA and

Malaysia, and are taking actions to address this.

2.6.1 Digital Economy Initiatives

The focus on growing digital economies has resulted in the formation of a number of

groups worldwide to develop and share best practice in support of these economies.
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D5 is one such group which considers itself to be a group of digitally advanced countries
and is comprised of Estonia, Israel, New Zealand, South Korea and the United Kingdom.
The group has put forward 9 principles of digital development, one of which is “Teach
children to code” in order to build “the next generation of skills” (Mitchell B. 2015).
London hosted the first meeting of D5 during which they looked at ways to support
computer coding in schools. The meeting acknowledged that coding is only part of a
bigger picture and that teaching CT is of paramount importance (Mitchell, 2015). D5 is
helping various organisations to work at an international level, including Computing At

School (CAS) in the UK.

CAS was established in 2008 (Crick and Sentance 2011), and is a school-led, foundation
with around 22,000 members as of March 2016
(http://www.computingatschool.org.uk) and is one of the driving forces behind the new
computing curriculum in England (http://govenmenttechnology.blog.gov.uk). CAS
provides a forum for collaboration between school teachers, academics, corporations
such as Microsoft and the Department for Education, enabling the sharing of good
practice and techniques for teaching programming. Local CAS communities meet
regularly to allow networking among teachers and promote awareness of computing to
those both with and without a computing background (Crick and Sentance 2011,
Bradshaw and Woollard 2012). Specifically, CAS aims to promote the establishment of
computing in UK schools and to increase knowledge and confidence among teachers to

teach it (CAS, 2015).

Singapore established the Infocomm Development Authority of Singapore (IDA) to
“drive initiatives for teaching coding and computational thinking from an early age” (J.
Tan 2015). CT is considered a fundamental skill for future workforces in Singapore
(http://www.ida.gov.s; 2016) and there is a growing interest among students in coding
and an appreciation of its value to future careers, irrespective of the area of
specialisation or gender (Tan, 2015). Despite this, among the Asia-Pacific countries
Singapore was found to have one of the lowest percentages of students who consider
themselves to have had the opportunity to learn coding at school
(http://todayonline.com/Singapore, 2015) highlighting the necessity for improving the

provision of programming education in this country.
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In the USA, efforts to promote the importance of computing and CT education include
degree programs at Carnegie Mellon University which integrate CT with a variety of
disciplines. Jeannette Wing is the Director of the Centre for Computational Thinking,
established at Carnegie Mellon University to explore and promote CT and its value for

different domains.

Implementing CT in school education is not without its challenges because this has to
begin with the provision of opportunities for teachers to learn CT and an overhaul of
the school curriculum. Compounding this is the lack of knowledge of how to recognise
the presence of CT in young people (Grover and Pea 2013), as discussed in Section 2.3

above.

Malaysia has faced similar problems and, realising this, implemented an Information
Communication Technology Learning (ICTL) program in secondary schools from March
2002 and in primary schools from April 2005 (Curriculum Development Division, 2005)
which was later extended to most schools in 2007 (Osman et al., 2012). Teaching ICT
was introduced in schools with the expectation that this would enhance creativity and
innovation in education but a lack of external teaching material meant students and
teachers had difficulties with this subject (Hassan and Noor Asmalinda Masrom 2010).
Additionally, the uptake was poor due to lack of budget and thus equipment. The
teaching of ICT therefore tended to focus on the fundamentals of computers and
computing, with programming more commonly being elective, and even then only in
certain schools (Ministry of Education Malaysia, 2016). The situation prompted serious
consideration given the global move towards digital technology and CT (Yadav et al.
2014; Grover & Pea 2013b; Henderson et al. 2007). Schemes such as the joint public-
private-academia initiative mydigitalmaker, intended to encourage Malaysian youth to
move from being digital users to digital producers, have been created (Azlee 2016; Lin
2012) and the Ministry of Education (MOE) has taken steps to widen the usage of ICT
among pupils by providing schools with ICT infrastructures (preschool to post-

secondary education, 2013).

In July 2016 the Ministry of Education (MOE) in Malaysia updated the syllabus taught in

primary schools to include coding, following a proposal by the Malaysia Digital Economy
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Corporation (MDEC) (Azlee 2016). The CEO of MDEC acknowledged the importance of
coding as a “driver towards higher thinking skills”, as have some other researchers
(Mahmood Y, 2016) and it was intended that new syllabuses would be in place from
January 2017 (Azlee, 2016). MDEC supports The Beaver Computational Thinking
Malaysia initiative (http://beaver.my) which encourages students to get involved with
logical problem solving. This is part of a wider initiative, the Bebras (meaning “beaver”)
effort, which was organised in Lithuania in 2004. Bebras’ aims to align with CAS and
IDA; to stimulate interest in Computing and CT in teachers, students and the general
public. In Malaysia, the first Beaver competition was held in 2015 and the objectives are
(source: http://beaver.my) to cultivate students' creativity, information culture,
algorithmic and computational thinking. Second, to facilitate a deeper understanding of
information technology. Third, to encourage students' use of information technologies
in their learning activities more enthusiastically. Fourth, to engage children in
information technologies, computers and their application from the very beginning at
school. Fifth, to reveal to students the advantage of information technologies,
computers and their application from the very beginning at school. Finally, to help
students take advantage of information technologies that are helpful in learning various

subjects.

In Malaysia, however, despite Beaver promoting CT awareness, the limitations are still
present. Whilst it has been acknowledged that coding and CT should be taught in
schools, there has been a lack of technology and teachers themselves have shown
concern that they lack the skills to teach programming (Azlee 2016). Early studies have
also observed primary school teachers struggling to integrate technology in meaningful
ways (Hassan and Noor Asmalinda Masrom 2010; Osman et al. 2012). In a study in
2010 the MOE found that around 80% of teachers spent less than one hour per week
using ICT and only a third of students thought their teachers regularly used such
technology. Additionally, a 2012 UNESCO review found instruction using ICT tools to be
limited mainly to word processing applications (Malaysia MOE, 2012). Whilst ICT has a
significant potential to promote and accelerate Higher Order Thinking Skills (HOTS)
(Malaysia MOE, 2012), use of ICT in the classroom has not been common practice. This

highlights that the work developed in this thesis has come at a timely juncture where it
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is seen that ways of encouraging teachers to learn to think computationally so that they
can teach children programming are needed. Overall, there is a need for the Malaysian
education system to realign its curriculum with its assessment system in order to
ensure effective implementation and assessment of HOTS (Tan & Halili, 2015; Malaysia
MOE, 2012) and a need for teachers to be able to teach these skills. In July 29, 2017,
Deputy Education Minister Datuk Chong Sin Woon stated in BERNAMA (BERNAMA,
2017) that the special training is conducted with the assistance from 100 lecturers from
teacher training institutes, ministry officers who are British Computer Society-certified
master trainers, and also 90 lecturers from Institut Aminuddin Baki (IAB). The objective
of the this is to teach CT among teachers. He added that CT and computer science
would not be standalone subjects in primary schools but would be integrated into core
subjects. Moreover, with the help of MDEC, the syllabus was benchmarked against
courses offered by Britain’s Computing at School as well as the United States’ Computer
Science Teachers Association. MDEC vice-president Ms. Sumitra Nair stated that
students will learn Computer Science in secondary school, later gradually being
introduced to coding languages, including Scratch, Java and Python. Chong stated that
eventually the programme would be developed after a comprehensive survey of
stakeholders, including parents and teachers so that it would succeed very shortly

afterwards.

The next section goes into more detail regarding efforts taken by the MOE to enhance

Continuing Professional Development (CPD) of its teachers.

2.6.2 Continuing Professional Development (CPD) in the Malaysian Education System

In order to answer RQ 6 — positively — it will be necessary for the right environment to
at least have begun to exist in Malaysia. The Malaysian Ministry of Education (MOE)
recognises the importance of Continuous Professional Development and over the past
few years has promoted the CPD of teachers through the introduction of the School
Implementation Specialist Coaches (SISTCT) scheme (Malaysia MOE, 2012), which
aimed to provide training “on the ground” for teachers. The scheme, which is not ICT
specific, involves subject professionals, who are teachers, in a knowledge-sharing

exercise whereby expertise and experiences are shared with teachers in other schools.

56



Additionally, the Performance Development Program — High Performing Schools (HPS),
another initiative, aims to improve student performance in under-performing schools.
Since 2013, the MOE improved CPD further with a scheme to provide teachers with
greater support through an individualised CPD programme in which they engage with
an assigned supervisor. This programme, run by the Teacher Education Division,
includes training relevant and common to all teachers as well as an elective component
that can be tailored to the specific teaching domain and individual developmental
needs. The programme is run at schools and uses a network of peers to teach and

circulate best practices.

CPD is not limited to teaching-only roles. A new Principal Career Package has recently
been rolled out by Institut Aminuddin Baki (IAB) to enhance the performance of school
leaders (principals, assistant principals, subject leaders and department heads)
(Malaysia Education Blueprint, 2013-2015). The intention of this is to give greater
support to heads of schools to help them achieve their full potential, but then to hold
them more accountable for delivering higher student outcomes. This includes those
about to be appointed as principals, and the package includes a new “on-boarding
programme” of mentorship whereby the soon-to-be principal is mentored for one
month before the outgoing principal leaves. Once they have formally started their new
role the new principal is also given a period of coaching from an experienced principal
or district School Improvement Partner (SIPartner+) (Malaysia Education Blueprint

2013-2025).

Such coaching and mentoring continues beyond a new principal’s first year to enable
them to continually develop in their profession. The aim is that school leaders will be
prepared for, and have the flexibility to, make decisions regarding school improvement
planning, curriculum planning and also administrative leadership matters such as

allocation of school funds.

A new common civil service track (Malaysia Education Blueprint 2013) gives school

principals the flexibility of working at primary or secondary schools.

Principals are now assessed annually using a new evaluation instrument. This is

designed to evaluate their leadership abilities as well as their effectiveness in improving
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student outcomes. If a principal performs to a high level then they will progress faster
and be given more career opportunities. Such high-performing principals will also be
given new, revised incentives to move to rural or underperforming schools. Principals
who do not meet the minimum standard will receive extra coaching support and those
who consistently underperform will be redeployed back to a teaching position in

another school.

As with teachers, therefore, the aim is for school leaders to mentor and train one

another, leading to the dissemination of best practices.

The MOE acknowledges the need for effective teaching of HOTS in the classroom.
However, ICT usage in schools, in terms of both quality and quantity, has been
continuously below its expectations. A recent initiative has involved the development of
CPD centres and, in 2017, MDEC established myDigitalMaker CPD centres, specifically
for teaching Computer Science to teachers, at six universities in Malaysia. These centres
(at USM, UiTM, UTM, UNIMAS & UMS) are located regionally in order that teachers can
easily access CPD in preparation for teaching the new ICT curriculum. MDEC has been
working specifically with faculties of Computer Science, Education and Engineering to

establish these centres with more planned in the near future.

It is clear that the Malaysian government is making strong moves towards improving ICT
resources and knowledge, but this is at a very early stage and, at the time of writing,
the CPD centres have only very recently been put in place. The MOE has spent more
than 6 billion Malaysian Ringgit (MYR) on technology over the past decade in education
initiatives such as smart schools (Umar and Hassan 2015) and it has recognised that
teaching expertise needs to be in line with these developments in order to meet the

ambitious goals that Malaysia has set itself. However, there is a lot still to be done.

2.7 CONCLUSION

The fundamental problem being addressed in this PhD is that, in Malaysia, teaching
provision of coding and CT in schools needs to increase and improve to allow the
country to stay a part of the growing global digital economies. It is also becoming more

widely recognised that CT skills are valuable throughout life and in different disciplines.
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Enhanced teaching provision will require pre-service teachers themselves to have
access to an education in programming and CT before they can go on and teach it.
However they also need to be motivated to learn CT which requires overcoming fears
and prejudices. This PhD investigates how that could be achieved and the feasibility of
that achievement given the current situation in the Malaysian education sector. The
next chapter details the methods used in this study before moving on to Chapter 4

which presents Study 1, the initial phase of work towards this goal.
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CHAPTER 3

RESEARCH METHODOLOGY

3.1 INTRODUCTION

Chapter 1 introduced 6 research questions each seeking to address the goal of
investigating the feasibility of improving the ability of Malaysian primary teachers
(principally) to be able to think computationally and thus be more able to teach their
students to think computationally and thus to be enable them to learn to code.
Chapter 2 reviewed a number of tools that have primarily been used to teach
programming and CT skills to children or young people (pre-service and in-service
teachers) but there was a lack of tools or methods that had been used to teach primary
school students to program (Seiter and Foreman 2013). The same is to an extent true
of teaching non-computing background teachers to be able to teach CT or to be able
use this to teach coding in primary schools. Most of the techniques described in
chapter 2 were seen to be focused on motivating children to learn. There was a focus
on what makes good motivators for children. This included using game design and
graphical interface based (drag and drop) languages like Scratch. Teachers on the
whole are less likely to be motivated by this and more likely to be motivated to learn to

use a tool that they could use to develop their own teaching artefacts.

It was thus decided to tackle the research questions by undertaking three further
phases of research study. The first of these was to undertake a more formal data
gathering exercise on the students at UPSI before and after taking the standard Flash
Action Scripting class. This would provide data for RQ 1 to RQ x. The second phase was
designed to begin answering RQ y — z. The hoped for outcome from this phase was the
information needed to develop a standalone software that would embed training in CT
skills and assessment of whether they had been achieved. This is in line with RQy. The
rest of this chapter is devoted to describing the research methods that were used for

the study and why they are appropriate.
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3.2 OUTLINE OF WORK

The progression of the three phases and the methods used in each are shown in Figure

3.1 below.
Study 1 Study 2 Study 3
(Chapter 4) (Chapter 5) (Chapter 6)

Respondents: 50  Pre-service Respondents: PGCE students and Respondents: PGCE students
teachers from UPSI Malaysia

yel other Malaysian students (Malaysian students engaging
Method: Open-ended engaging in further study at in  further  study at
Questionnaires; Survey of teacher . o . .
training provision in 27 Malaysian Nottingham University in UK. Nottingham University in UK).
Universities. Eight (8) from the PGCE course

Method: Open-ended

Length: 6 months and three (3) undertaking other

. Questionnaires; Pilot study;
postgraduate teaching courses.
Prototyping. Observation.
Method: Open-ended
Length: 6 months
Questionnaires; one-on-one
tutorial session. Pre and Post-
Interview  (13-15  minutes);

Observations: 6 months

Figure 3.1: Outline of Research Studly.

The methods used are now described in more detail in Section 3.3 along with a
discussion of the rationale behind each method. The tree different phases were
designed to refine the approach generated from the literature review, compare and

contrast how the approach can be applied and finally contribute to theory and practice.

33 METHODS

Prior to any research directly involving users, a survey of in-service teacher-training

provision at Malaysian universities needed to be performed to identify where gaps
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might exist. This survey involved Internet-based research into courses that were
provided for pre-service teachers, and any relevance of that content to learning

programming and CT skills.

A User Centred Design (UCD) (Maguire 2001; Willis and Willis 2016) approach was taken
throughout the rest of the studies. Willis & Willis (2016) added that "user-centred
design is often promoted as 'socially responsible' because it focuses on how people
actually interact with a specific product". This was not only important because the tool
was being designed for users, but also because the tool had to be usable and
appropriate for pre-service teachers to use to develop their own teaching content for
other learners. Additionally, the tool and experiments needed to be designed in a way

that allowed for the presence of Computational Thinking to be observed and recorded.

A number of methods were used to conduct these UCD studies including questionnaires
(pre- and post-), observations, interviews and prototyping. These are described in more

detail in the following sections.

3.3.1 AQuestionnaires

Questionnaires are particularly beneficial for fact-finding (Bell 2005) but also allow
researchers to measure responses from a large cohort in a short period of time with
minimal cost (Atkinson, 2008). They can also be a valuable tool in the assessment of
changes that might have occurred through participation in the studies. In particular,
attitudes and motivation needed to be assessed before the start of the Initial phase
experiment and then again at the end. The purpose behind using this method was to be
able to present subjects with identical questions and the same approach to asking those
guestions, so that differences in the answers can be used to infer whether an effect has
taken place from their participation in the experiment. Questionnaires lend themselves
to this because it is easy to keep consistency between what is asked in the pre- and
post- conditions and this gives confidence that confounding variables have not been
introduced unwittingly (Kathy Charmaz 2014; Yin 2009). The disadvantage of

guestionnaires, however, is that it is not subsequently easy to get participants to
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expand on answers that prove interesting to the researcher. Open-ended questions can
be included to get more qualitative data but their usefulness depends on the
participants’ willingness to write longer answers and to explain them clearly
(Papastergiou 2009). Open-ended questions should be used carefully said (Smyth et al.
2009). Basically coders code the open responses on the core of a predefined
categorisation scheme (Zill 2016). Open-ended questions may request textual
information (for example “Can you tell me what you associate with the term
‘programming’?”) or numerical information (for example, “How many minutes per week
do you do some programming?”). Because numerical information differs from textual
information, the present involvement focuses only on aspects of the collection and
analysis of textual responses to open-ended questions (Zill 2016). Open-ended
guestions can be used both to gather information and to motivate respondents (Zill,
2016). They are used for information-gathering purposes in the following situations
such as firstly, knowledge measurement - Zill (2016) stated that open-ended
guestions are more appropriate than closed-ended questions for measuring knowledge,
because they not only minimise the possibility that respondents will try to guess the
right answer but also often produce more reliable and valid information. However,
when respondents cannot immediately recall the correct answer, open-ended
questions also elicit more “don’t know” responses or refusals than closed questions do
(Krosnick and Presser 2010). Secondly, unknown range of possible answers - The use of
open-ended questions is recommended if it is not yet possible to clearly restrict the
subject of inquiry, or if one expects new topics to occur. Thirdly, extremely avoid from
long lists of response options - a further field of application for open-ended questions is
when the number of possible answers is so long that the question cannot be asked with
predefined response categories (Zull 2016). An example of this is the motivation to
learn question. Although researchers know what motivates them, respondents cannot,
of course, be presented with a list of several hundred response options. Fourthly,
avoidance of directive questions - open-ended questions can be used to avoid
navigating respondents in a particular direction. Response categories comprised a
selection of the best-known bands and reflected only the researcher’s own ideas (Zull
2016). The selection would navigate respondents in a certain direction and there the

categories would be a danger to be picked because that were only choices given.
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Finally, cognitive pretesting - open-ended questions are normally used to check
whether the meaning of a question was understood as intended (Lenzner, Neuert, and

Otto 2016).

Moreover, using open-ended questions for information-gathering purposes, should also
be used to motivate respondents by giving them an opportunity —in between the many
closed-ended questions with predefined response categories — to express their opinions
freely and in their own words (Lenzner, Neuert, and Otto 2016). In order to give
respondents an opportunity to express criticism or make comments, the following
open-ended question is often asked on the last page of the questionnaire: “Could you

please give any of your opinions about today’s survey?”.

Answering open-ended questions gives a greater burden on the respondent than does
choosing a response category in closed-ended questions (Lenzner, Neuert, and Otto
2016). The answer must be expressed in the respondent’s own words. They should able
to express their responses freely. Numerous researchers have studied which
respondents are even capable of answering open-ended questions. A major function in
answering open-ended questions is played by respondents’ level of interest in the topic

of the questions (Groves, Presser, & Dipko, 2004; Holland & Christian, 2009).

In the case of open-ended questions asked during face-to-face interviews, an important
role is played by the interviewer. By giving extra information and asking follow-up
qguestions, interviewers can help respondents and motivate them to provide better and
more comprehensive answers (Smyth et al. 2009). However, interviewers are also
responsible for recording the responses — that is, they must enter the respondents’

expressions into the questionnaire (as completely and faithfully as possible).

The details about coding can be found at the following section 3.4.

3.3.2 Observations

Study 2 of this research involved user observation. Observations form a vital
component of many user studies because they enable the recording of qualitative
information about behaviours, approaches, feelings and dialogue which is not

necessarily possible using other methods (Cohen et. al, 2007). Observations can be
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conducted on users in their natural working environment (“in the wild”) or in an
environment set up by the researcher. Data can be recorded through note taking,

video, audio or other means, such as recording actions through software.

In these phases participants were required to use a tool as part of the experiment and it
was imperative for the researcher to be able to gain a thorough understanding of the
users’ interactions with the tool and to appreciate the difficulties that may have been
present. Such interactions and difficulties could only be understood fully by observing
real time use of the tool. Additionally, the rich data set which observations can produce
is recorded within the context of the task being performed and the environment within
which it is being performed, thus enabling the researcher to consider not only the
progress of the user in completing the task but also the influences of other factors and
experimental conditions. Observations therefore result in a large quantity of qualitative

data which then has to be analysed for trends and interesting or unusual behaviours.

Participant observations are a good method to use when the researcher needs to ask
more about a subject’s actions or to ask them to explain their thinking. Observation
(Kawulich 2005) is therefore used for gaining greater understanding of phenomena
from the point of view of participants, and can be used in diverse areas like sociology
and education (Kawulich 2005; DeWalt & DeWalt, 2011). The disadvantage is that the
presence of the researcher or the fact that subjects are aware they are being observed
can influence their behaviours and hence the data recorded (K Charmaz 1990; Kathy

Charmaz 2014).

In this study observations were recorded using Camtasia Studio, a screen capture
program, which is a low-cost approach that allows recording and replay of experimental
sessions and the interactions that take place within these (Arnold et al., 2008). Camtasia
Studio software suite includes a screen recorder (Camtasia Recorder) and a video
production tool (Camtasia Producer) (Arnold et al.). Audio can be recorded separately
or at the same time as the screen activity. Camtasia was used as a way of capturing
activity in a less obtrusive way than the researcher making constant notes. Ethics
approval was given for both studies and this is discussed in detail in section 3.6. The

same data analysis methods were applied to analyse the data to keep consistency.
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Data from the sessions were collected using audio recordings and screen capture.
Camtasia software was used to record the audio and screen activity (such as mouse
clicks). After completion of the tasks, respondents were interviewed to explore
ambiguous actions and to solicit additional feedback (Novotny E., 2004). The software is
as simple to use as a tape recorder. Firstly, participant sat in front the computer and
display Camtasia Studio. Participant were explained on how to handle a task for
example he/she need to work alone without any guides from a tutor. All the activities
on the screen will be recorded (screen and audio recordings) - a region of the screen, a
particular window or the entire screen. All screen activity will be recorded until the stop
button being pressed. These videos could record research consultations or reference
encounters and send the files to the users for later review. These videos could also be
used for assessment purposes along the journey of the studies. All-in-all, Camtasia
Studio is an easy, inexpensive tool that anyone can use to create streaming media
without the stress or cost of a big-time video shoot (Charnigo 2009). Moreover, this
software works best when users wish to demonstrate how something works rather than

to explain (using text) how something works (Charnigo 2009).

Researcher will code the videos for the types of interactions participants had with the
software. The unit of analysis was the participant act at a computer station (Davis et al.
2015). Camtasia Studio 8 used to capture and to record the programming writing steps
and also any tasks that the respondents works on the screen. After completing the

tasks, participant discussed few questions in an exit interview as shown in Appendix G.

3.3.3 Interviews

Interviews are another approach to gathering qualitative data about users’ thoughts
and feelings but they allow a deeper understanding of these than can be captured
through observation (Patton, 2005). They allow the researcher to ask questions around
a topic guide and expand upon answers of interest. In other words, there is no fixed set
of questions that have to be adhered to. Interviews were conducted pre- and post-
experiment in Studies 2 and 3 and this method was chosen over the use of
guestionnaires. Research suggests that the way questions are asked can influence what

participants reveal (Charmaz, 2006) and it was felt that the researcher could put
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participants at ease through creating more of an informal feel and speaking to them in
Malay, their native language. Merriam (2009) supports this view that the method of
interview can help researchers gather specific kinds of information and explore
participants' thoughts more fully. Additionally, whilst questionnaires can be used to ask
about areas of interest, interviews enable more qualitative data to be gathered and this

was considered important when examining the use of software by novice programmers.

The flexibility of interviews also allows the researcher to follow up on observation or
guestionnaire findings (Cohen, Manion, & Morrison, 2007; Heck, 2006). There is enough
control to allow for comparability of results while permitting respondent freedom and

interviewer queries.

However, unlike questionnaires, interviews are much more time consuming and
therefore costly because they require the researcher to be present while the questions

are being answered but the intended sample size was not unrealistic for this.

3.3.4 Prototyping

Prototyping is an important component in User Centred Design as it allows rapid
iterations of versions of the system or tool being prototyped. The advantage of
prototyping is that it is quick and easy and changes can be quickly made to the design
following user feedback. This also means that cost is kept to a minimum in terms of
time and people working on the project. Designers can prototype using different
fidelities with different tools and this allows the gradual increase in realism and of
working features that can be presented to the user once initial designs have been

agreed.

Prototyping was done using the Flash Action Scripting environment as it is designed to
allow the quick and easy production of multimedia material. It was therefore
considered an environment appropriate for pre-service teachers and in-service teachers
and which could be used to observe CT (Angeli et al. 2016) skills in use as well as enable
the production of course material. Prototyping was prior to Study 3 where it was used

to find out whether participants could demonstrate CT skills.
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The tool was piloted with HCI experts (Computer Science post-graduate students with
the experience in Human Computer Interaction, system development and multimedia)
over a period of 5 weeks. The experts were given a system prototype to use for about
twenty to sixty minutes each time. They then completed questionnaires as shown in
appendix C. Once the tool had reached a stable version it was deemed to be ready for
use in Study 3. The main objective of the piloting of the tool was the validation of the
language used in the interface, testing of the functionality of the tool and examining

the overall design of the tool and the scenarios that it would present to users.

Prototypes had been used as a way to try out ideas for the design of programming
tools. A prototype is “the first form of anything from which all later forms develop,
sometimes with improvements” (Long Dictionary, 1983). High fidelity (HiFi) prototype
had been used Please refer to the Appendix J). Fidelity is how truthful or close a copy of
something is to be original. (Longman Dictionary, 1983). In this case the ‘original’ is an
imaginated artefact (a programming tool). A prototype that has high fidelity can be very
close to the final artefact. Prototype can be varying in depth, they can model a few
aspects in depth, in a fully developed way. Hifi prototype are created using the medium
of the final artefact. Computer-based HiFi prototype was also used extensively in this
study. The advantage with HiFi prototype is that they can provide a user experience
that is more or less identical to the experience of using the final version of the artefact.
The prototype that looks finished can also be drawback; users may be reluctant to
suggest alterations to something that appears to be finished. Furthermore, it might be
easier to imagine alternative designs if the prototype looks unfinished (Kindborg, 2003).

This prototype was used in the HiFi sessions in the studies reported in chapter 6.

The prototype is a design experiment that was done after the Study 1 and Study 2 but
prior to Study 3. The purpose of this prototype was to get feedback from the users in
terms of the interface design, usability and the functionality. Another purpose of having
prototyping was to look at how Flash Action Script programming can be easily

understood by a non-computing background users and adopt CT skills.

The prototype was designed in Flash Action Script software. The development of the

prototype did progress relatively smoothly. Prototyping was conducted at the same
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venue that was at Technology Research Lab at Jubilee Campus with two experts. They
were two individual sessions took place at the computer science lab with the duration

between thirty to sixty minutes

After all the data had been analysed (the respondents will suggests some
improvements should be made in certain sections), the result from it will be reviewed
and all the positive feedback and suggestions will be amended from the original
version. Therefore, the improved version of tool will be produced and the real
experiment (Study 3) will take place based on the time scheduled. The details on

prototyping can be viewed at chapter 6.x.x

3.3.5 Pilot Study

The Implementation of pilot studies are a crucial element of a good study design (van
Teijlingen and Hundley 2001). It will aid the research in shaping if there are mistakes or
any other weaknesses within the interview design and enable him or her to do some
revisions earlier to the implementation of the study (Turner, 2010; Kvale, 2007). A pilot
test should be conducted with participants that have similar interests as those that will
participate in the implemented study. The pilot test will also assist the researchers with
the improvement of research questions (Turner 2010). Pilot studies fulfill a range of
important functions and can provide valuable insights for other researchers (van
Teijlingen and Hundley 2001). However, a pilot study can be the pre-testing of a
particular research method (Baker 1994: 182-3; Turner 2010).

One of the advantages of conducting a pilot study is that it might notify researcher
about where the main research project could fail, where research protocols may not be
followed, or whether proposed methods or instruments are inappropriate or too
complicated (van Teijlingen and Hundley 2001). As stated by De Vaus (1993: 54) “Do not
take the risk. Pilot test first.” These are important reasons for undertaking a pilot study,
but there are more reasons behind it, for example convincing funding bodies that the
research proposal for the main study is worth funding. Therefore for this study,
researchers will start with “qualitative data collection and analysis on a relatively topic”
(Tashakkori & Teddlie 1998: 47). Pilot studies may also try to identify potential practical

problems in following the research procedure (van Teijlingen and Hundley 2001). This is
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particularly important because pilot studies can be “time-consuming, frustrating, and
fraught with unanticipated problems, but it is better to deal with them before investing

a great deal of time, money, and effort in the full study” (Mason and Zuercher, 1998).

Before a Study 3 begins, a pilot study took place. The process took place about four to
six weeks. This study was conducted with five (5) respondents from the University of
Nottingham. Three of them were from PGCE trainees programs here whilst the
remaining two were from postgraduate students (existing teachers) from Malaysia who
further their studies at School of Education University of Nottingham. The details about

this piloting process will be explained in section 6.3.

3.4 QUALITATIVE ANALYSIS

3.4.1 Content Analysis

Content Analysis as a technique, has been extensively practised to analyse transcripts
from Computer Mediated Communication (CMC), to Computer Supported Collaborative
Learning (CSCL) research (De Wever et al., 2006; Laat et al., Newman, Webb, &
Cochrane, 1995; Rodriguez, 2014; Schrire, 2006). Meyer (2004) stated that it is hard to
justify the quality of an interaction by only showing the number of participants’
contributions to a discussion. The main purpose of content analysis is to give a deeper
understanding of situations that may not be immediately obvious by reading the

transcript (De Wever et al., 2006).

In section 3.3, justification was developed as to why and how the mixed methods (both
qualitative and quantitative methods) approach was adopted in order to test the
research questions at different stages. In this section the various data analysis

techniques used in order to obtain the results for this research are justified.

Thematic Coding Analysis (Braun and Clarke 2006) was used to analyze the observation
and interview data in each phase of this study. Charmaz (2009) suggests that there are

at least two primary phases of coding in grounded theory: the preliminary phase where
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data is scrutinized by segment; and the second focused or selective phase where large

amounts of data are organised by the most frequently occurring codes.

3.4.2 Thematic Analysis

The technique of inductive thematic analysis was applied to compose new themes from
data collected from the observations and interviews (Braun & Clarke 2006). The process
involves 6 phases of thematic analysis including firstly familiarisation with the data
before generating initial codes and examining the data for themes based on these.
Themes (Braun and Clarke 2006; Murphy et al. 2004) need to be reviewed in order to
ensure that the codes and themes link together reliably, and thus relationships
between themes are examined with the potential to integrate themes or create sub-

themes.

Using these methods allows quantitative values to be extracted from qualitative data to

enable further analysis and to give a clearer picture of the results from the experiments.

Inductive thematic analysis (Thomas 2003; Fereday and Muir-Cochrane 2006; Styles and
There 2012) was chosen because no existing coding scheme or model was found that
could be used appropriately. It therefore required an exploratory process to define the
categories and themes which emerged from the data. This is revisited in Section 3.5

which discusses measures taken to ensure the reliability and validity of the data.

35 RELIABILITY AND VALIDITY OF DATA

Ensuring the validity of data is dependent on a number of considerations which range
from the sampling method used to enlist participants in the study to using the correct

approach in collecting and analysing the data.

Data collection requires appropriate methods that will allow researchers to answer
research questions and therefore the data collection instrument must measure what it
is designed to measure, with the conclusions following on precisely from this (Bell,
2005). Risks to the reliability and validity of data collection instruments comprise
dishonesty, human error, bias, lack of nuance, and the inclusion of a limited number of

respondents (Boeije 2002). Additionally, the interviewee and/or the interviewer may
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not reveal all that they know in relation to the questions. The most correct way to
increase validity is to control for bias in the design and content of the questions and the
attitudes and behaviors of the interviewer (Cohen, Manion, and Morrison 2007). Using
a mixed methods approach is additionally important to allow triangulation of data and

thus enhance validity and reliability (G. W. Ryan and Bernard 2003; Kolb 2012)

This study used purposeful sampling (Kathy Charmaz 2014) due to the fact that a very
specific niche of the population was to be studied. Cohen, Manion and Morrison (2007)
stated "There is little benefit in seeking random sample when most of the random
sample may be largely ignorant of particular issues and unable to comment on matters
of interest to the researcher, in which case a purposive sample is important" (2007,
p.115). Participants were recruited through educational organisations with which the
researcher had links so that it could be ensured that participants met a strict set of
criteria, i.e. they were Malaysian pre-service teachers. Whilst this sampling technique
limits the number of participants that take part, the data gathered are from relevant,
information-rich sources and it also enables the most effective use of limited resources

in terms of number of researchers and time available.

The participants in this research were teachers or pre-service teachers and they were all
from a non-technical or non-computing background. However, they were all aware of
the need to start to teach Computer Science (Secondary level) and/or Computational
Thinking (CT) (Primary and Secondary level) due to changes being introduced by the
Malaysian Ministry of Education (Azlee 2016; Singh 2016). The requirement to teach
coding, programming, computational thinking and related topics is an ongoing process
currently in Malaysia (Azlee 2016) and participants were required to learn to teach

these in the near future.

No absolute guarantee can be given as to the reliability of the data gathering and
analysis, and therefore the validity of the data, but efforts can be taken to reduce the
likelihood of spurious effects on the data. Such efforts include a scientifically rigorous
design of the experiments (Morse et al. 2002) using data gathering approaches which
are appropriate for the type of experiment and the type of data to be gathered. Section

3.3 has already outlined the methods used and reasons for this. Each experiment and
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the data gathering technique used was piloted to determine where there were any

problems, and those problems corrected before re-piloting.

In thematic analysis the identification of themes from data can be subjective and so
care needs to be taken that the analysis isn’t influenced by the researcher. Coding was
done by more than one person so that the codes that resulted were free from bias
before themes were generated (Braun and Clarke 2006; G. W. Ryan and Bernard 2003).
Any statistical analysis performed should be appropriate to the type of data and the
number of participants. In this research a limited number of participants were studied
and so only basic statistics were appropriate for the analysis as more complicated
techniques would not have produced any meaningful interpretations and may have

been misleading.

Finally, the methods used need to be written up clearly and precisely, thus allowing
others to criticise the approaches and determine whether the researcher’s inferences

are appropriate and correct.

3.6 ETHICAL CONSIDERATIONS

As with any study involving users, there were a number of ethical considerations which
had to be addressed. These included not only how the data were collected, stored and
analyzed but also that participants gave their permission for this and were correctly
informed of how their data would be collected and what would be done with it. As
such, all studies involved participants being given information and consent forms (see
Appendix IV) and being reassured that they could withdraw from the study at any time
and that their data would then be destroyed. Measures had to be put in place to
accurately and appropriately record the data and store it securely. Reassurances
(Cohen, Manion, and Morrison 2007) had to be made that data would be stored
securely and for a limited time period only and that participants would remain
anonymous. Confidentiality was ensured and participants were given the researcher’s
contact details should they have any questions. The designs of the experiments were
submitted to the School of Computer Science Ethics Committee, University of

Nottingham and approval was obtained before any data were collected.
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As the participants were not considered vulnerable (i.e. no pupils would be involved in
the studies) and there was considered to be minimal risk to those taking part, it was not

necessary for additional safeguards to be put in place such as security checks.

3.7 CONCLUSION

This PhD involved studying users in three experimental phases or studies, through
which it was intended to gain an understanding of the role of CT skills in learning to
program. A UCD approach was taken using a number of research methods which have
been outlined in this chapter with justifications for their selection. The three studies in
this PhD are described in more detail in the following chapters, each of which gives a
detailed description of the experimental procedures used in a study and presents and
discusses the results. Study 1 is described in Chapter 4. Chapter 5 reports on Study 2

before leading on to Study 3 which is reported in Chapter 6.

74



CHAPTER 4

STUDY 1

4.1 INTRODUCTION

As was stated in chapter 1 the initial motivator for this research was lecturing
experience in a teacher training university in Malaysia. The context of this, as
brought out in Chapter 2, was the increasing international interest in making sure a
greater supply of coders is produced. At the time the research study started
Malaysia had not recognised that this was a crucial and growing need. This situation
has changed dramatically over the time of the research and awareness of the need
to prepare particularly primary school teachers has grown. This has been highlighted
in chapters 1 and 2. It was thus valuable first of all to see what efforts are being
made to introduce teaching of how to program to pre-service teachers. The first part
of this chapter presents the results of an internet based search of primary (or
elementary) school teacher training provision in Malaysia to find out how much is
being done to introduce teaching of computer programming within the sector. The
second part of the chapter details a more formal evaluation of the attitudes of pre-
service teachers in Sultan Idris Education University (UPSI) towards learning to

program and of their reaction to the current teaching they were getting.

4.2 PROGRAMMING TEACHING PROVISION IN MALAYSIA TEACHER TRAINING
COURSES

This section presents the results of a review of teacher training provision in Malaysia
aimed at identifying whether any components were provided specifically for
teaching programming or CT skills. It was anticipated that this would give an
overview of the level of importance of such provision placed by the Malaysian

government.
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Twenty-seven Malaysian universities were surveyed online and, whilst most of these
had some form of ICT training, none were found to be providing specific

programming or CT skill training.

Since provision of programming training was found to be so scarce in Malaysian
universities the same provision, that of teaching programming or CT skills, at
Malaysian primary and secondary schools was reviewed. It was found that, prior to
August 2016, teaching programming skills had not been on the curriculum (source:
Statistic division Malaysia of Higher Education, 2015), and only very recently,
subsequent to this PhD study, has the Malaysian Prime Minister announced that
coding should be taught at primary schools from 2017 (Abas, 2016). Leading up to
this, only ICT skills such as use of Microsoft Office were taught (Umar & Hassan,

2015).

It is clear that, in order for programming to be on the curriculum at schools in
Malaysia, there has to be some provision for those in a teaching role to gain skills in
programming, and this provision would be most suited to university study. UPSI was
found to provide a technology module that involves teaching the use of Flash Action
Scripting but it did not support this with deliberate teaching or assessing of
computational thinking (CT) skills. The students were expected to learn the subject
by themselves or explore the software in order to learn the subject. Thus, students
developed negative feelings towards the course as can be seen later on in this

chapter.

It is worth noting that at the time of writing, in Malaysia the situation has now
improved with two of the largest universities (The National University of Malaysia
and University of Science Malaysia) offering teaching masters’ courses with majors in
ICT and three others now offering an ICT element in a more general teaching
masters. All 27 of the specifically teacher training institutions now offer ICT as at
least an elective in their teaching degree programmes with the Education Institute of

Penang now offering a major in ICT.

However, the situation is still one of needing more provision for teaching

programming. Part of tackling this problem is not just teaching the subject but also
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enabling students to overcome any doubts and insecurities regarding learning to
program. In order to do this, it was necessary to identify any negative feelings that
students might have. The next section describes an initial experiment conducted
with pre-service teachers in order to determine their levels of motivation to learn to

program.

4.3 ATTITUDES TOWARDS PROGRAMMING IN UPSI TEACHER TRAINING
STUDENTS

In order to answer the first two objectives of Research Question 1 (RQ1) a study was
carried out with pre-service teachers to judge their motivation and attitudes towards
the idea of learning programming skills and the potential approaches to this learning.
Students completely new to programming took part in an experiment where they
attended a tutorial which taught Flash Action Scripting. Questionnaires were used to
gauge their attitudes to programming before and after the tutorial. This is detailed in

the following sections.

4.3.1 Participants

Fifty pre-service teachers aged from 21 to 26 years old from 6 different majors in
UPSI, Malaysia, took part in this experiment. Participants were selected as those who
intended to begin a career in teaching after graduation, and so would have a greater
possibility of teaching computing or related subjects. This was determined so that
the sample would be made up of those who had no IT background but who had
chosen to enrol in a Multimedia Project Management course out of interest.
Students were taken from this course who had a range of backgrounds in the social
arts and humanities fields. Non-computing students were chosen because there is a
literature on the underrepresentation of non-computing students in learning
computing and the likely reasons for these students being generally willing to learn
how to program provided they are given appropriate teaching methods (Suliman,

Hawari, and Othman 2011; Wong, Yatim, and Tan 2016).
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4.3.2 Method

Students attended a face-to-face tutorial (a lecture followed by a laboratory session)
lead by a lecturer which aimed to introduce them to Flash Action Scripting. Two
sessions with 25 students and 1 teacher were conducted in a computer laboratory.
The teaching approach taken was that of student-centred learning (Levin, Buell, and
Levin 2000). Some students had started to explore the topic on their own but all of

them needed direct teaching from the lecturer in order to begin to learn to program.

A questionnaire was designed for use before and after the students had taken partin
the tutorial in order to determine their attitudes to and level of motivation for
learning to program. It was intended that this would give an idea as to whether the
tutorial they engaged in had changed their views of programming, either for better
or worse. The questionnaire can be seen in Appendix Il. The questions asked about
the students’ background experience in use of computers and centred on the
students’ attitudes to learning a technical subject and Flash Action Scripting in
particular. The questionnaire contained open-ended questions which allowed the
students to provide free responses relating to their expectations and experiences. It
should be reiterated that at the time of the surveys the Malaysian education system
had no formal requirement to teach programming at any level, something which has

changed more recently.

Before the experiment the questionnaire was piloted with 5 students who had a
similar background to the target audience. The aim of this was to check that the
qguestions would be understood by the target audience and that the answers would
give indication of the types of response that would be expected in the full
experiment. It was then possible to discuss their responses with the pilot group and
make changes to the questionnaire to deal with any issues. The questionnaire in
Appendix X to is the final one after changes. The changes were only in requiring the
clarification of some terms where too great an understanding of subject specific
language had been assumed. The survey and tutorial were taken by the 2013/2014

class at UPSI Malaysia in the second semester.
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4.3.3 Thematic Coding

Following the study, the open-ended answers from the questionnaire were collated
and a thematic analysis (Fereday and Muir-Cochrane 2006) was conducted. This type

of analysis involved coding the data which allowed themes to be identified from this.

As an elective these students might have been more inclined to be positive towards
technology, however, a lot of negative attitudes and fear were evident before the

teaching. This is discussed later on in this chapter.

Figure 4.1 below shows the initial thematic map that was derived from the
guestionnaire results. These were condensed further to identify positive and

negative attitudes as shown in Figure 4.2.
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Figure 4.1: Initial thematic map, showing five codes (analysis as presented in Braun &

Wilkinson, 2003).

80



Keenness and
Approach

positive negative

comments comments
too bored
o
Enc,a ing Hardto learn
confusing scripts
Enjoy learning Keepmcn.-ln:,
frustration
|nterest|n=, software
|mprcwe confident level
fear of technology

Figure 4.2: Thematic map, showing one theme and a few codes (analysis as

presented in Braun & Wilkinson, 2003) towards respondents’ attitude to using Flash.

As can been seen in Figure 4.2, codes were assigned for both positive and negative

responses. There were 5 positive codes (engagement, enjoyment, motivation,

interest and confidence) and 6 negative codes (lack of motivation, boredom,

confusion, fear, difficulty and frustration) extracted from the data when looking at

the attitudes towards learning how to program and how the students started to

develop computational thinking (CT) skills. Additionally, 3 codes relating to their

professional development goals emerged. All these codes were based on statements

made by the participants and a description of the codes along with some

corresponding statements are shown in Tables 4.3, 4.4 and 4.5 below.

An example of the inductive coding (Thomas 2003; Fereday and Muir-Cochrane

2006) of data can be seen in the following segment of data from respondent TT2:

“Programming is too boring. | am sure | will not able to do it.” This response

was considered to contain two different meaning units and therefore was counted as
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two different categories. The first text segment: "Programming is too boring." was

coded as boredom. The second text segment: "/ am sure | will not able to do it.” was

coded as difficult. Thus 2 codes were extracted from these statements.

Table 4-1: Example of Positive Themes in Coding Enthusiasm and Attitude. The
example for each quote was selected from respondents’ feedback. (data extracted

with codes applied from Clarke, Burns & Burgoyne, 2005)

Open Code Properties Example Quotes

Engagement Expressions concerning | “I feel comfortable and keen to use this
successfully completing | software now because...”
the tasks given

Enjoyment Willingness and ability | “I enjoy exploring the software..."
to focus on tasks given

Motivation Feeling positive/ | “Although | am not that good at using the
competent in using | computer, especially programming, |
Flash and eager to learn | think the proper teaching technique will
more definitely motivate me to learn

computing ...”

Interest Learning to program is | “It’s really good to be able to use this so
exciting and interesting | that we can produce something at the
and encourages more | end of this semester.”
exploration

Confidence Feeling they | “I can now understand the concept of

understand the concept

computing and comfortably handle the
tool...”
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Table 4-2: Examples of Negative Themes in Coding Enthusiasm and Attitude. The
example for each quote was selected from respondents’ feedback. (Data extracted
with codes applied from Clarke, Burns & Burgoyne, 2005)

\ Open Code Properties \ Example Quotes
Lack of | Less interest in learning how to | “Although | know how to use
Motivation program. multimedia to create picture
books, classroom decorations, or
work sheets sometimes | feel lost
if | get stuck at some points.”
Respondent TT2
Boredom General negative attitudes such | “Programming is too boring. | am
feeling programming is boring and | sure | will not able to do it”
not engaging with the subject. Respondent ET3
Confusion Confusion about how programming | “The script looked confusing
works or how to use Flash Action | because | don’t understand what
Scripts to create programs, including | and how those statements work.”
understanding of the syntax and the | Respondent TT1
importance of layer function.
Fear Respondent expresses nervousness | “/ am afraid of technology”
or fear in exploring programming | Respondent ET1
codes, syntax or other aspects of the
technology.
Difficulty Phrases related to struggling with | “I need to learn more especially
the practice of producing code. the scripting...” Respondent TT8
Frustration Feelings expressed about the impact | “/ don’t think | can proceed with

and progress of their learning.

this because | did not perform
very well in ICT in the previous
semester.” Respondent TT5
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Table 4-3: Examples of Codes Related to Professional Enhancement. Each example
quote was selected from respondents’ feedback. (Data extracted with codes applied
from Clarke, Burns & Burgoyne, 2005).

Open Code Properties \ Example Quotes
Creative Designer Animation in learning “I am sure students will be more impressed
with the subject...”

Interactivity is the best | “Students enjoy learning by doing.”
way of teaching

Professional Cooperation  between | “...we can work together in producing
Development in-service teachers and | something really good ...”
pre-service teachers

Feeling able to conduct | “I will definitely use computer lab maybe for
a class using a computer | the final project...”

lab
Instructional Flash could enhance | “I believe that it will help me to increase my
Productivity helpful instruction productivity in producing teaching module

forinstance... ”

Flash will help them to | “I know that it is not easy to learn new
integrate new teaching | technical stuff like programming but with the
methods right way of teaching or technique, it will not
cause any difficulties”

Following coding, the frequency of each code was recorded and these are shown in

Tables 4.6 and 4.7 below.

4.3.4 Results

Observation during the lesson showed varying levels of interest in the subject
material as witnessed by their comments. It was also noted that the knowledge and

skills in multimedia varied from student to student.

It was important to gain a picture of the attitudes of the respondents towards Flash
Action Scripting and whether programming competence was considered by them as
important for their future jobs. Therefore, each participant’s viewpoints were
examined qualitatively and are presented here. The quantitative data from the

coding process is presented later in Tables 4.4 and 4.5.
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4.3.4.1 Findings

There were positive and negative feedback received from the respondents in this
phase of analysis. The following statements show the detail on the positive

comments:

J Engagement - All of the respondents stated that using Flash Action Script
could help capture attention from their students. Participants felt that the graphics,
audio and video elements and the ability to provide animation and interactivity was

useful (Kalganova 2001b; Routledge 2007).

° Enjoyment - All of the respondents believed that the use of suitable software
such as Flash for developing teaching material would help them to enjoy learning
the subject (Routledge 2007; Fitriza 2012). They agreed that if the subject was

made more enjoyable in this way it would help concentration.

J Motivation — All respondents agreed that Flash Action Scripts held their
attention and had the potential to motivate them in their learning (Kalganova 2001b;

Fitriza 2012; Lin 2012).

J Interest — The students found the Flash Action Script software entertaining
and they commented that it would be a positive instrument for teaching
programming at beginner-level like them. They expressed strong opinions that the
interactivity brought the learning material alive and that all pre-service teachers
should learn how to use Flash Action Script. Most of the them (fifty respondents)
claimed that they are quite interested in learning new technologies and are willing to

take the challenges (Lin 2012).

J Confidence — Most of the participants, however, were positive about the use
of flash action scripting regardless of the learner’s background. However, two of the
respondents disagreed that Flash Action Script should be learnt by students with a
non-computing background (Lin 2012; Tsukamoto 2012) because they themselves
considered it difficult to learn. From their point of view Flash Action Script is aimed

at users with an ICT background.
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° Creative Designer — The majority of the respondents agreed that the
elements used in the software could be useful for trainee or in-service teachers to be
more creative in their teaching or learning (L. Wang, Ertmer, and Newby 2004; Lin
2012). They felt that the animated characters could be designed easily without
having to produce difficult code and so these could help them to produce exciting

material for their learners.

° Professional Development - Respondents believed that an appropriate
method of teaching Flash Action Script could help to enhance their future teaching
careers. For instance they felt that teachers would feel more self-assured in their
teaching (Lin 2012; Routledge 2007; Garofalo and Summers 2004; Duncan, Bell, and
Atlas 2017) as they could make their material more interesting and this would give

them a tool and confidence to get better results and hence progress professionally.

° Instructional Productivity - Respondents commented that using Flash Action
Scripting would enhance their instructional productivity. They felt that if a module
could be developed using this tool then their teaching of programming could be
augmented with this as well as using more traditional teaching approaches, which
would benefit their students (Garcia et al. 2007a; Routledge 2007; Lin 2012; Fitriza
2012; Matthews 2014). Additionally, they felt that using this tool could enhance their

own productivity when producing the teaching and learning material.

Besides the positive feedback received from the respondents, there were also some

negative comments. Examples as follows:

e Boredom — Due to the difficulties in understanding the concept of programming,
some respondents expressed their feelings of boredom in trying to learn
programming. The feelings was so bored and hard (K. Koh, Repenning, and
Nickerson 2013; Routledge 2007) moreover, respondents’ feelings can be looked

through their face expression during the session.

e Lack of Motivation — All of the respondents mentioned that they did not
understand the basic concept of programming at the early stage of learning.
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They just know about Flash on the day of testing phase. The feel so down and
demotivation about learning how to program (Tsukamoto 2012; Martins,

Mendes, and Figueiredo 2010; T. Jenkins 2002).

Confusion — Some of the instructions given to them were so confusing especially
when starting to works on more than one scene. Furthermore, some scripts were
so hard to understand and make them confused on the lesson they had learnt

(Sang et al. 2010). For example at the section on adding navigation scripting.

Fear - The fear expression (Radosevi¢, Orehovacki, and Lovrenci¢ 2009; Balan and
Kalavally 2012; Lin 2012; T. Jenkins 2002) had been expressed by the
respondents due to the use of the software and computer itself. They were so
afraid to even touch the keyboard and explore the software itself. However the
fear feelings was decreased dramatically from twenty-seven number of

frequency to zero number after the Study 1 had been completed.

Frustration — Respondent felt less confident once they did not get what they
expected from the task given (Kalelioglu, Gilbahar, and Dogan 2017) or from
what they had learnt. Eight of them felt upset when the lesson learnt did not met
their target for instance they did not perform well even for the basic
understanding on the programming concept. However, after the study 1

completed, only one of them still had that frustration feeling.

Difficulty — As a first time person facing with the programming environment,
coding looked so hard and difficult to learn (Matthews 2014; Lister and Leaney
2003; T. Jenkins 2002; Kalelioglu, Gilbahar, and Dogan 2017). Without proper
method of teaching, programming could become very difficult for the students to
learn programming. All of them said that programming was so hard and difficult
subject to be leant however, after they had learnt the task at Study 1, their
perception on the difficulties in programming reduced to only 3 person were still

said that programming is very hard to learn.
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4.3.4.2 Analysis

Tables 4.4 and 4.5 below present the frequencies with which the extracted codes
appeared in the data, before and after the tutorial, based on the responses from the
pre- and post-questionnaires. Table 4.4 specifically presents the positive and
negative codes discussed earlier and Table 4.5 presents the frequencies of codes
related to professional enhancement. Differences in code frequencies that were
considered particularly notable are highlighted in the text immediately following the

tables.

Table 4-4: Attitudes and Emotions Before and After the Module.

Frequency Responses of Attitude Codes in Study 1

Before taking the Action After taking the Action

Scripting Module Scripting Module

Cod F F
Normalised

Summary of Positive Codes

Interest 50 1 58 1.16
Engagement 39 0.78 53 1.06
Motivation 42 0.84 81 1.62
Confident 8 0.16 42 0.84
Enjoyment 23 0.46 41 0.82
Summary of Negative Codes

Boredom 14 0.28 2 0.04
Lack of

Motivation 21 0.42 2 0.04
Confusion 59 1.18 23 0.46
Fear 27 0.54 0 0
Frustration 9 0.18 1 0.02
Difficult 58 1.16 10 0.2

Of greatest note in this comparison is the large reduction in fear — from 27 responses
(over half the respondents) before the tutorial reducing to zero such responses
afterwards. Also of particular note is the corresponding increase in confidence of the
respondents after the tutorial — 8 comments were noted prior to the tutorial and this

number rose to 42 afterwards. There was also a general reduction in frequency of all
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the negative responses after the lesson — an average of nearly 4 per respondent

before the tutorial reduced to less than one per respondent afterwards.

Table 4-5: Responses Relating to Professional Skills.

Relating to Frequency Frequency

(Before) (After)

Animation in learning 20 32

Creative Designer Interactivity is the best way of 29 43
teaching

Teachers will feel empowered 12 27

Professional Development | Feeling able to conduct a class 15 32

using a computer lab

Flash could enhance helpful 14 36
instruction

Instructi | Productivit

nstructional Froductivity Flash will help them to integrate 21 42

new teaching methods

It is clear from Table 4.5 above that the tutorial on programming in Flash Action
Script increased participants’ positive opinions of the tool’s potential benefits to
their future teaching careers. The frequency change in the creative designer codes
illustrates that the facility for developing animation and creating interactivity notably
impressed the students with an approximately 50% increase in the codes from
before the tutorial to afterwards. Additionally, empowerment increased by more
than double, as did instructional productivity. From this data it was evident that Flash

Action Scripting could provide intrinsic value to their future lessons.

4.3 CONCLUSION

The respondents involved in this exercise had all chosen an elective that led to them

to taking the lessons in Flash Action Scripting. It was assumed that this indicated that
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they had an inclination to think the subject valuable, though they may have taken it
for other reasons. However, the responses regarding professional enhancement
possibilities tend to reinforce this view. The lesson they were exposed to was of a
conventional nature (lecture followed by lab class) and no special attention was paid
by the teacher to the area of Computational Thinking. Whilst the importance of
developing CT skills when learning to program is widely acknowledged, as reported
in Chapter 2, no effort was made to specifically correct any non-computational
thinking during the programming lab. This phase was purely to determine whether

Flash Action Scripting could engage and motivate students to learn to program.

It can be seen that the lessons were generally effective in improving student
attitudes towards their ability to learn to program and in reducing the fear levels of
the students. There was a reasonable understanding of the value of learning this
subject to their professional skills and RQ1 asked whether understanding such will
increase the participants’ engagement with learning a programming language and
thus help them to acquire CT skills. Study 1 has demonstrated that using Flash Action
Scripting can enhance enthusiasm and engagement in learners, even those from a
non-technical background. Of all the positive codes identified, all of them showed an
increased frequency after exposure to the tutorial and all the negative codes showed
a reduction in frequency. Participants’ comments provided some useful illustrations
of their views that Flash Action Scripting was a tool that could really help them learn
to program as well as allow them to generate interactive multimedia for their own
future programming lessons. Additionally, considerable benefit was seen in terms of
professional development. Flash Action Scripting was considered a tool that could
help them feel more empowered and make a positive difference to their teaching in
terms of enabling them to use different teaching methods and the participants
considered this as being potentially important for the progression of their teaching

careers.
Study 1 tested the three objectives related to RQ1.

e To more formally identify attitudes to programming among teachers

and trainees in particular.
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It has shown that originally they had high levels of fear/anxiety
e To identify the challenges for them in learning to teach programming.
Which were identified as related to their anxiety etc.
e To determine to what extent they already think computationally and
identify ways in which this might be helping or preventing them

meeting the challenges of learning to program.

This final objective was less well addressed. Clearly their attitudes improved as they
found they could make use of Flash Action Scripting. However, more detailed
analysis of their behaviour in learning was needed to understand how this was
preventing them meeting the challenges of learning to program. The changes in
attitude were indicators that Flash Action Scripting would be a useful motivator for
them to learn how to program and consequently to see if they can develop
computational thinking. This therefore began to respond to the second research

question:
RQ 2 Can those without a CT background learn to think computationally?
With the objective of trying:

e To understand how teachers might be motivated to learn to think

computationally.

The next chapter moves on to further address the third objective from RQ1 as well
as give further answers to RQ2 and begin to address RQ3. It presents Study 2 which
further considers Flash Action Scripting as a motivator for this group and whether
the presence or absence of Computational Thinking (CT) skills can be identified in

learners and whether incorrect thinking with respect to CT can be corrected.
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CHAPTER 5

STUDY 2

5.1 INTRODUCTION

The previous chapter provided some practical evidence in response to the first two
objectives of RQ 1 and began to provide answers to RQ2 as it concluded that Flash
Action Scripting would be an acceptable motivator for getting teachers to engage
with understanding Computational Thinking (CT) as well as how to program.
Respondents in the experiment had expressed positive motivation towards learning
it. This chapter looks at the second study which was designed to address the third
objective of RQ1:

e To determine to what extent they (teachers and trainee teachers)
already think computationally and identify ways in which this might
be helping or preventing them meeting the challenges of learning to

program.
Also it seeks to look at the objective of RQ3:

e To work out how to detect use or lack thereof of the five CT domains:
abstraction, algorithmic thinking, decomposition, generalization and

analysis.

This is addressed in this chapter by describing Study 2 in which one on one lessons in
Flash Action Scripting were given to a small group of learners with the same general
background as in the first study. In this case because the lessons were presented on
a one to one basis between the learner and the researcher it was possible for the
actions of the learners to be observed and recorded as they were taught and

completed exercises in using Flash Action Scripting to perform a set of tasks.

Flash Action Scripting is considered to be a language that is really helpful for

beginners (Sands, Moukhine, and Blank 2008; Fitriza 2012; Crawford and Boese
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2006). As was shown in Chapter 4 the attitude towards Action Scripting was
generally positive — after having studied the subject. However, there was little
understanding of Computational Thinking (CT) and the associated skills. This also
showed up when they were observed in their lab classes after the lessons (though
this data was not gathered formally). Based on these findings it was clear it could be
possible that use of an appropriate standalone software to learn Flash Action
Scripting could enhance computational thinking of those without a computing

background (RQ2).

In order to achieve this aim it was first necessary to study in more detail the
attitudes and behaviors of students trying to learn action scripting; in particular
motivation to learn to think computationally and the presence or absence of CT
skills. Identification of attitudes would allow requirements for a standalone tool (see
Chapter 6) to be gathered and gaining an understanding of incorrect CT would

enable a process for correcting these errors to be identified and taught (RQ3).

In a number of studies described in chapter 2 (refs) the method of measurement of

the presence of CT was the ability to produce the desired artifact.

5.2 METHOD

5.2.1 Participants

Given that the goal of this research was to support Malaysian trainee teachers to
develop CT skills, it was important to select a group of test subjects who fitted well
with the target audience. The study was undertaken in the UK but participants were

recruited as Malaysians studying teaching related degrees in the UK.

The University Of Nottingham School Of Education runs Post-Graduate Certificate in
Education (PGCE) courses in education and admits a number of students each year
from Malaysia. It also runs PhD and Doctor of Education (EdD) courses for
professional teachers and a number of Malaysian students take these courses. It was
thus decided to recruit a group of pre-service teachers from the PGCE course as well

as a group of in-service teachers from the doctoral courses. The major difference
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between the two groups was their age and experience. In addition at least one of the
doctoral students was not intending to return to teaching on completion of their

studies but rather to a management role.

Eight pre-service teachers and three in-service teachers took part in the experiment.
It should be noted that the small number of in-service teachers makes any findings
relating to differences somewhat speculative. The main objectives of this phase were
for participants to prepare a fundamental lesson task for their learners using Flash

Action Script (see Appendix 1C) and to observe their behaviours whilst they did so.

5.2.2 Experimental Design

Each individual participant was given a short course of one-to-one lessons on the use
of Flash Action Scripting (see Appendix 1B), with each task designed to introduce one
stage of Action Scripting. The first lesson introduced the controls of the interface.
Clear understanding of these controls and the role they play is necessary for the
correct building of scripts. However an additional goal was for users to be able to
generalize this knowledge for use with other software in the future. As was seen in

Chapter 2, the ability to generalize is a core component of CT (Dorling M. 2014).

The tasks involved participants following instructions given by a tutor in order to
complete a defined task. Initially the tasks were very explanatory, with later tasks
being more hands-off by the tutor. The tasks were printed on paper (see Appendix
D) and the expected output (artefact to be constructed) from the completed task
was also shown to the participant before they began the task (see Appendix B). The
purpose of this was to allow the participant to have a clear understanding of what to

do and to enhance their motivation to do so (Tsukamoto 2012; Lin 2012).

Participants were given questionnaires before and after the tasks. The purpose of
these questionnaires (please refer to Appendix L and Appendix M) was to identify
their level of motivation to learn to program. Additionally the post-exercise
qguestionnaire asked about their experience of using Flash Action Scripting and
whether they believed that its use would be of value to their teaching (Chang et al.

2012; Sang et al. 2010; Umar and Hassan 2015).
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Participants’ working task were analyzed by the researcher during the session. The
Camtasia studio software was also used to capture the activities (individual actions)
to allow them to be replayed after the exercise so that the researcher could check
the observations taken live. Camtasia Studio was used to capture screen shots and
function as voice recorder as well (Charnigo 2009). It was not used for any other
function. The participants were also interviewed (please refer to Appendix M for the
interview questions) at the end of one of the sessions. The same ethics process was

carried out as in Study 1.

The next section describes the tasks given in more detail in order to illustrate both
the intended progression of learning and how the tasks were designed to investigate

CT thinking.

5.2.3 Tasks Design

A series of tasks were given with each task being based around a learning outcome.
(That is the participant should have been able to complete a similar task for
themselves by the end of the session.) Each task involved the participant producing a
set of simple artifacts or animation demonstrations, building in complexity with each
task (see Appendix B for examples what was being asked in the tasks). For particular
artifacts it was acknowledged that not many of the teachers would specifically want

to produce this particular artifact but all of them could see the value in doing so.

An example of the initial steps taken to develop a task are listed below and shown in
Appendix D. The example of output that should be produced based on the following

criteria can be seen in Figure 5.1.

e Produce a simple scene for the artefact.

e Add controls and add actions.

e Introduce more complex actions.

e Extend the process to produce a final complete product.

The purpose of such steps was to allow the extent of the capability of Action
Scripting to be explored, but also to allow a number of CT skills to be explored
(Dorling M. 2014):
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e The task must be broken down into a suitable set of sub tasks
(Decomposition).

e Action generalization can be seen as activities have many similarities
(Generalisation).

e Algorithms are seen being developed in the Action Script codes (Algorithmic
Thinking).

e These can then be extended as the complexity of the task increases
(Abstraction).

e Debugging was discussed by asking respondents to solve the problem thus
errors were detected and solved (Analysis).

Text

Graphic

Navigation link
added as an
extension task

Figure 5.1: Fundamental Step for Creating Text, Graphic and Navigation Link.

When programming in Flash Action Scripting one of the main components of the

interface is the popup window which shows the scripts produced by the system (see
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Figure 5.2: The Action Script Screen Showing a Movie Clip Action for Animation

Figure 5.2) and errors in syntax (Figure 5.3). In Figure 5.3 it can be seen that hints are

displayed to allow the programmer to identify the location of syntax errors.

COMPILER ERRORS l

Location | Description
Scene 1, Layer 'Layer 1', Frame 1, Line 1 1067: Implicit coercion of a value of type String to an unrelated type Number.

<]
@ 1Error(s) !\ 0Warning(s)

Figure 5.3: The Compiler Error Log Screen

Participants were exposed to the code at an early stage in order to reduce the “fear”
they might feel at the idea of coding. Flash Action Scripting is considered to be a
language that is really helpful for beginners (Sands, Moukhine, and Blank 2008;
Fitriza 2012; Crawford and Boese 2006). One of the best ways to learn how to write

Action Scripts is to read the code of an existing Flash project and then reproduce and
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perhaps alter this code in one’s own project (Sorapure 2006), thus learning by doing.
Through the process of learning how to write programs it was envisaged that CT
skills could be detected. Scripts such as the animation example in Figure 5.2 were
used early on in the tasks in order to engage the user with something interesting to

view and learn from.

The incorporation of animation (Diwakar et al., 2011; Sorapure, 2006) allows more
complex activities to be coded but without requiring complex knowledge of coding.
Use of animation and visuals can greatly aid the teaching of new concepts in
programming (Routledge 2007) and Flash additionally provides a frame-based
structure which makes it easier for inexperienced programmers to create ergonomic
content (Reimers and Stewart 2007). The developed animations can be integrated
into the code produced and can be used to create learning material for use by the

teachers themselves when teaching others.

Figure 5.1 above shows one of the intermediate levels of tasks that participants were
required to complete. Prior to this the activity was to add a script and pictures.
Subsequent to this the activity was to add a navigation link to the graphic. Thus the
task was decomposed for the user into sub tasks. As was discussed in Chapter 2,
decomposition is one of the CT skills that helps programmers to simplify complex
problems in order to solve them (Dorling M. 2014). It is a way of thinking about
artifacts in terms of their component parts which can then be comprehended,
answered, developed and evaluated separately. One of the aims of each lesson was

to support the learning of this CT skill (LA Gouws et al. 2013; Grover & Pea 2013a).
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Figure 5.4: Complex Syntax for the Lesson Module.

Figures 5.4 and 5.5 display more complicated coding that participants were exposed
to later on in the task. As users progressed through the task it was intended that
their algorithmic thinking would be developed and thus lead to persistence of this in
thinking (Hu 2011). It was also intended that participants would develop stronger
logic whilst learning to debug their code (analysis — CT domain) which in turn would
boost their thinking skills (Van Dyne and Braun 2014; Brusilovsky and Calabrese
1997).
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5.3 RESULTS

In this section the results of the pre- and post- questionnaires are presented
followed by a discussion of the observation data and interviews. The activity in Study
2 involved 8 Pre-Service Teachers (identified as TT1 to TT8) and 3 In-Service Teachers

(identified as ET1 to ET3).

5.3.1 Questionnaires

The questionnaire data were analysed and coded using thematic code analysis
(Fereday and Muir-Cochrane 2006; Braun and Clarke 2006). Examples of participant
statements before and after taking part in this activity are seen in Table 5.1 (Pre
activity) and 5.2 (Post activity) along with their codes. The same codes as used in
Study 1 were used in this stage so that differences in attitudes of the participants

could be detected.
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Table 5-1: Example Positive and Negative Responses from Participants before the
Activity. The example for each quote was selected from respondents’ feedback.

Positive Quotes
"I think this software really helps me in understanding

the concept now..." (ET1)

Code

Confident, Affordance

"...by learning this software we can produce a good

teaching module for our students..." (TT5)

Motivation, Affordance

"I am confident now to start developing the advance

stage of Flash Action Script..." (TT4)

Confident

"l want to learn this programming more and more so
that | will come out with my own teaching modules

soon!" (TT1)

Motivation, Affordance, Interest

"I knew that Flash can do interesting stuff..." (TT6)

Interest

"I am looking forward to learn and try something new

today..." (TT1)

Motivation, Enjoyment

“I am ready to learn new lesson today!” (TT8)
Negative Quotes
“I am not that confident because | am sure it will be

very tough..." (ET3)

Motivation, Engagement
Code

Fear, Difficult

"I’'m sure it will be harder and so sorry if | can’t finish

the tasks for today..." (ET2)

Difficult, Frustration

"Are you sure today’s lesson is not difficult for me?"

(TT5)

Difficult

"More complex programming? | am not sure whether |

candoit” (TT8)

Lack of Motivation
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Table 5-2: Example Positive and Negative Responses from Participants after the

Activity.

Positive Quotes

"| feel more confident now..." (ET1)

Code

Confidence

"Great lesson learnt today!” (ET2)

Enjoyment, Motivation

"I really enjoy the lesson, even though it is quite

complicated and hard but..." (TT8)

Enjoyment, Engagement,

Motivation

"l can say | am in love with Flash Action Script!" (TT2)

Motivation, Enjoyment

"l can now be a developer at my school..." (TT3)

Affordance, Motivation

"I am speechless because | wasn’t thinking | can

program at last...” ( TT2)

Motivation, Affordance

“...exciting software...” (TT6)

Negative Quotes

“Sometimes the scripts still confuse me..." (ET2)

Interest, Engagement, Enjoyment

Code

Confusion, Frustration

"I have mixed up with some scripts... sometimes | feel

so hard to follow...." (TT7)

Frustration, Difficult, Confusion

III

am not sure whether | can work on this

independently after this session...”(TT6)

Lack of motivation

“I am afraid that when | move too much using mouse,
the system will hang or something like that because...”

(ET1)

Fear, lack of motivation

“I don’t really like to do programming... quite hard for

me as a business background teacher...” (ET3)

Lack of motivation, frustration

Some of the quotes recorded were given more than one code, as appropriate. The

qguotes shown came from trainee and experienced teachers alike. In the tables

respondent ET1 means in-service teacher 1 and respondent TT8 means pre-service

teacher 8.

The results in the tables below (Tables 5.3-5.5) give a comparison between the

frequencies of codes in Study 1 and in Study 2. It can be seen that there was more

interest and confidence overall in Study 2 (Tables 5.4 and 5.5) than there was for the
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participants in Study 1 (Table 5.3). As was seen in Study 1, negative attitudes and

responses were once again reduced during Study 2 (from an average of about 7 per

participant to fewer than two per participant after the activity). Positive comments

uniformly increased.

Table 5-3: Frequency of Appearance of Code Phrases in Use by the Pre-Service

Teachers and the In-Service Teachers before and after Taking Part in the Activity in

Study 1.
Codes Frequency Normalised ‘ Frequency Normalised
(before) (before) (after) (after)
STUDY 1

Summary of positive codes
Interest 50 4.55 58 5.28
Engagement 39 3.55 53 4.82
Motivation 42 3.82 81 7.36
Confident 8 0.73 42 3.82
Enjoyment 23 2.09 41 3.73
Affordance 20 1.82 28 2.55

Summary of negative codes
Boredom 14 1.27 2 0.18
Lack of 21 1.90 2 0.18
Motivation
Confusion 59 5.36 23 2.09
Fear 27 2.45 0 0
Frustration 9 0.82 1 0.09
Difficult 58 5.27 10 0.91
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Table 5-4: Frequency of Appearance of Code Phrases in Use by the Pre-Service
Teachers (TT) and the In-Service Teachers (ET) before Taking Part in the Activity in
Study 2.

Normalised Normalised
Frequency
Frequency Frequency Total
Frequencies

Frequency
Normalised

(Pre-service Teachers) (In-service Teachers)
(TT) (ET)

Summary of positive codes

Interest 52 6.5 22 7.3 77 7.0
Engagement 38 4.8 23 7.7 61 5.5
Motivation 62 7.8 14 4.7 76 6.9
Confident 29 3.6 15 5.0 44 4.0
Enjoyment 37 4.6 21 7.0 58 5.3
Affordance 31 3.9 18 6.0 49 4.5

Summary of negative codes

Boredom 0 0.0 2 0.7 2 0.2
Lack of

Motivation 0 0.0 2 0.7 2 0.2
Confusion 19 2.4 9 3.0 28 2.5
Fear 17 2.1 3 1.0 20 1.5
Frustration 0 0.0 1 0.3 1 0.1
Difficult 29 3.6 19 6.3 48 44
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Table 5-5: Frequency of Appearance of Code Phrases in use by the Pre-Service
Teachers (TT) and the In-service Teachers (ET) after taking part in the Activity Study
2.

Normalised Normalised
Frequency Frequency
Frequency Frequency Total

. Normalised
. . Frequencies
(Pre-service Teachers) (In-service Teachers)

(TT) (ET)

Summary of positive Codes

Interest 59 7.4 24 8.0 83 7.5
Engagement 45 5.6 32 10.7 77 7.0
Motivation 54 6.8 27 9.0 81 7.4
Confident 52 6.5 27 9.0 79 7.2
Enjoyment 52 6.5 29 9.7 81 7.4
Affordance 47 5.9 28 9.3 75 6.8

Summary of negative Codes

Boredom 0 0.0 0 0.0 0 0.0
k:;'t(ivaﬁo:f 0 0.0 0 0.0 0 0.0
Confusion 8 1.0 4 1.3 12 11
Fear 4 0.5 2 0.7 5 0.3
Frustration 0 0.0 0 0.0 0 0.0
Difficult 5 0.6 2 0.7 7 0.6

Comparing Tables 5.4 and 5.5 directly, it can be seen that the frequencies of all of
the positive codes in Study 2 increased after the activity and the frequencies of all of
the negative codes decreased. The only exception to this was that motivation
appeared to have reduced slightly in the pre-service teachers after the activity. This
may be worth noting, but may have just been anomalous because the overall
frequencies had risen slightly for motivation and the frequency for lack of motivation
in the trainee teachers stayed at 0 before and after the activity. However, of
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particular note is the increase in overall frequency, after the activity, of confidence
(44 to 79), enjoyment (58 to 81) and affordance (49 to 75). Levels of confidence in
programming had increased dramatically, with the frequency almost doubling, and

levels of enjoyment and affordance had also increased markedly.

Looking at the negative codes in Tables 5.4 and 5.5 it can be seen that all non-zero
overall frequencies had reduced after the activity, with confusion and difficult being
dramatically lower. Frequencies of confusion dropped to less than half (28 to 12);
frequency of fear dropped to half (4 to 2) and frequencies of difficult dropped to
approximately one seventh (48 to 7). These reductions were considerable and
demonstrated that use of Flash Action Script used in this way had a dramatic effect
on both pre-service and in-service teachers. Examples of two of the comments
related to the codes confusion and difficult are shown below with a short discussion

of the implications.

Example of Confusion code extracted:

"I am really confuse with the syntax for instance, framel. | am not really understand

what is that mean by frame number 1." - Respondent TT3

The above quote clearly illustrates that Respondent TT3 was having difficulties
understanding certain concepts and syntax. Such difficulties are known to cause
students to give up trying to solve a problem (Sdez-Lopez, Roman-Gonzalez, and
Vazquez-Cano 2016) and capturing feedback like this is necessary to identify their

difficulties and propose solutions (see Study 3).

In this circumstance the respondent was observed to copy and paste code from one
part to another to try and solve the problem they were facing, but this approach was
unsuccessful because they did not understand how the copied code would not apply
to the current problem, meaning that they were generalizing incorrectly. This is

discussed further in section 5.3.3 below.
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Example of difficult code extracted:

"Personally, | feel very hard to follow the session because | cannot grasp everything
within time period. If extra time will be given to understand and learn Flash, | think it

should be better" - Respondent ET3

Although intrinsic motivation of a student has been identified as a critical success
factor, careful design of instruction can help boost motivation amongst students
(Balan and Kalavally 2012). This respondent clearly felt overwhelmed by what they
were required to do given the time available, thus undermining their motivation. The
guote shows that the respondent found it not only difficult but was also fearful of

not being able to complete the task.

The questionnaire data showed that using Flash Action Script clearly increased
confidence, enjoyment and affordance and reduced the difficulty and confusion
participants experienced with programming. However, the study allowed further
analysis of behavior in order to determine whether participants were using CT
correctly (or incorrectly) and when. This was important in order to identify where
participants might have been going wrong and how to try and remedy this. The
study, therefore, were used to gain further understanding of what motivated
participants and how, and also allowed the researcher to examine the presence or

absence of correct CT.

All participants (both pre-service and in-service teachers) were novices to
programming and many had very little experience of using computers. Several of the
participants appeared unsure and nervous at the beginning of the session. One
participant even expressed shock when asked to participate, one initially declined to
participate but then later agreed. However, once the sessions had started several
participants moved from appearing anxious to asking lots of questions and then
appearing to understand and enjoy the activity. As each session progressed the
researcher observed large changes in many of the participants’ attitudes, with many
expressing interest in how Flash Action Script could be used for their own lesson

development.
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A few participants appeared confused at the beginning and sat doing nothing.
However most of these soon began to grasp some of the concepts and began to

realize that the software was not as “scary” as they had first thought.

5.3.1.1 Motivation to learn programming

As was mentioned in the previous section intrinsic motivation to learn a subject will
be affected not only by a participant’s enjoyment and interest in that subject but

also by how difficult they find that subject (Seligman and Csikszentmihalyi 2000).

Figure 5.6: Learning About Animation through Flash Action
Scripting.

During the observations several respondents appeared nervous of trying the
technology but nearly all of them seemed ultimately to overcome this to some
extent and progress to creating simple animations. Figure 5.6 shows one of the ways

of producing an animation by adding a path for the animation object to follow.

Participants clearly used their creativity and understanding of programming concepts
to design a module and expand the related screens. They were observed to engage

with the activity and persist when difficulties arose which gives evidence of
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sustained motivation to learn how to program. This approach of “not giving up”
meant that participants were constantly evaluating and re-evaluating the situation,

constructing ideas as they learnt (Holzinger and Ebner 2003b; Ainsworth 2006).

5.3.1.2 Detecting incorrect thinking

Correct use of CT involves a programmer breaking down a problem into smaller
problems (decomposition) and understanding how to solve those problems
algorithmically (algorithmic thinking). Programmers also need to be able to abstract
from one problem to another; in other words to understand how one problem might
stem from another; also programmers should know how to debug a problem and
solve it (analysis) and to generalize so that they can apply a previous solution

correctly to another problem.

In this study it became apparent that CT was not being used by many of the subjects.
One set of behaviours that was frequently observed in the lessons was that of
copying and pasting code rather than understanding the given algorithm and
adapting it to the new problem (see Figure 5.7). This clearly showed that wrong —

non-Computational Thinking had taken place.
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Figure 5.7: Screen Captures on Wrong Thinking in Producing Scripts.

Figure 5.7 gives an example piece of code produced by a participant who had copied
and pasted from a previous section of code when trying to solve a problem. The
correct version of the script should specify 'gotoAndPlay ("Addmathscenel”,1) 'and
not "framel". However the respondent copied the syntax from the example given
demonstrating that they did not understand the function of the script or the concept
of parameters in coding. Errors like these were able to be spotted where the output
captured using the Camtasia software was analysed (the details about how it works
had been explained at chapter 3.3.2.) The majority of the respondents showed this

lack of algorithmic thinking and incorrect generalisation.

One advantage of using Flash Action Scripts is that any errors that occur are
highlighted by Flash itself, at the place where the error occurs (see Figure 5.8). This is
in contrast to other programming languages such as Java Script (Routledge et al.
2007; Sorapure, 2006). Whilst such error flagging seems a simple idea, it is important
for a learner because the ease of tracing the errors can have a significant effect on

the motivation or demotivation to continue with the task at hand.
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Figure 5.8: Error Screen captured due to Copy and Paste Attitude.

5.3.1.3 Adoption of CT skills

An important consideration for the observation sessions was also to examine not
only whether and how incorrect CT was occurring but also whether and when
correct CT was used. Some participants did demonstrate use of CT after an initial
period of learning. At the beginning several participants clearly did not understand
some important concepts such as parameters and the passing of variables, but by
the end had grasped these concepts and were using them, demonstrating the

beginnings of algorithmic thinking.

Another example is shown in Figure 5.9. Here the level of confidence of one of the
respondents in the subject had increased as shown by his initiative to create
additional buttons (‘Economics’' button) to explore more features later in the
experiment. This positive signal was really encouraging and engaging. By looking at
the layers created by respondent ET2 in Figure 5.9, it shows that the algorithmic
thinking he had acquired was developing as was his understanding of abstraction. He
organised his work systematically and effectively by putting different objects that
appear on stage at different layers (Routledge, Aminaei, and Benachour 2007). These
tasks were extremely important when it came to the revision or correction phases.

The amendments would easily be done if the layers had been properly structured.
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Figure 5.10: Good Understanding of the Concept of Abstraction (Respondent TT2).

Figure 5.10 shows another example demonstrating that some respondents started to
understand the concept of abstraction. In this lesson the participant had grasped
how the layers were organized and how screens would act and navigation links that
could be integrated in the lesson module. Even though at this stage of study the five
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domains in CT were not being fully seen, some of it already could already be seen by

the end of the session.

5.3.2 Interviews

Once the data were collected and the interviews had been transcribed, it was coded
to identify key themes. To avoid bias, the codes and themes were not only analysed
by a researcher alone, but also from two other trusted persons in order to get the
valid and reliable data (Fereday and Muir-Cochrane 2006; Strauss and Corbin 1994).
The persons were selected not from the same area of study and they did not know
about the respondents’ background and also any details about the study. Therefore,
the analysis and results are reliable for this study (G. W. Ryan and Bernard 2003).
After that, then the final results will eventually gathered to get the vigorous data The
analysis of the data focused on the key aims of the research that is in gaining an
understanding of incorrect CT would enable a process for correcting these errors to
be identified and taught. As discussed earlier, the data were coded to identify the
key aspects which were then grouped to form themes. Voogt (2016) argues, there is
a need to make room in teacher education programs for computer science

specialists who can teach at least basic notions of CT.

Following each session the participant was interviewed about their experience of
using the software. Several of the participants expressed enthusiasm for the
software and acknowledged the benefits of using Flash Action Script in designing and
developing their lesson material. They also stated that they were looking forward to
the next session. Four of the participants (with backgrounds in mathematics,
accountancy, economics and management and business, respectively) explicitly
stated that they felt Flash would make their learning material more interesting for
their students. They expressed that use of the software would provide more variety
in teaching style for their students and would be more stimulating (Lin 2012).
Another participant described its use as “value added” for their teaching. However
two participants stated that time restrictions would prevent them from using or
learning the software. They stated that it would add a burden, even though they

could see the benefits of making interesting learning material, especially for teaching
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“dry” subjects. Three participants commented on the benefits of learning Flash
Action Scripting for their teaching careers and two subsequently asked the

researcher for a copy of the software.

5.4 DISCUSSION

Overall, the results of this phase were very encouraging. Participants demonstrated
incorrect use of, or lack of CT skills, but also the development of CT skills, by using
Flash Action Scripting to create the desired animations. Most participants appeared
nervous to start with (Martins, Mendes, and Figueiredo 2010; T. Jenkins and Davy
2002) but several were able to overcome this and openly appeared to enjoy the
process. The software engaged participants and levels of motivation to try and
program were improved after the participants had used it for a while. Based on the
tasks and the responses of participants RQ2 can be confirmed; Flash Action Scripting
can enable those without a computing background to develop CT skills. Identification
of where participants were going wrong and using incorrect Computational Thinking
was possible and this was most apparent by their copying and pasting behavior (E.
M. Saari 2014) showing that before training they were not thinking algorithmically or
generalize to other problems. A process for correcting these errors had begun to be
identified and taught in answer to RQ3 as participants were able to learn from their
incorrect CT and correct their mistakes because they understood why they were

mistakes.

Based on the experiments in this study the requirements for the stand alone tool
could be defined. Thus the next stage of this work was to develop and build that
tool which could be used standalone to teach programming and CT. The tool would
use Flash Action Scripting as this had been confirmed to stimulate interest, engage
and motivate users to work through the problems set (Garcia et al. 2007b; Lin 2012;
Fitriza 2012). The ease of creating animations without requiring complex coding
(Heins and Himes 2002; Crawford and Boese 2006) has been seen to encourage
participants to persevere as they were rewarded with interesting and fun content

once they succeeded.
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There are other tools available which provide a simple interface, as seen in Chapter
2, for example Scratch (Utting, Cooper, and Koélling 2010; Brennan and Resnick 2013;
B. Y. Resnick, Brennan, and Kafai 2009; Franklin et al. 2016) or Alice (Utting, Cooper,
and Kolling 2010; Kelleher, Cosgrove, and Culyba 2002; Linda et al. 2009; Kelleher,
Pausch, and Kiesler 2007; Wong, Yatim, and Tan 2016). However researchers have
found that regardless of the lower barriers presented by these simplified visual
environments some respondents still become unable to proceed further when asked
to move on to more demanding problems (Csizmadia et al. 2015). Additionally, it was
seen in Chapter 2 that environments such as these are considered suitable for
children, but less so for adult learners (Cooper, Dann, and Pausch 2000; Daily,

Leonard, and Jorg 2014; M. Resnick et al. 2009).

Other systems exist that use tools to create visual content which might be more
suitable for adults. Examples of this include those which allow the integration of
multimedia content in learning material (Lyons, Reysen, and Pierce 2012; Ronchetti
2010). However this study is concerned with teaching and developing skills rather
than simply dealing with teaching principles and theories. This research is aimed at
adapting Computational Thinking (CT) skills (Yadav, Hong, and Stephenson 2016) and
not just learning how to create content by integrating multimedia elements. Instead
the aim of creating that content is to harness an individual’s intrinsic motivation to
be able to develop their own learning material, which they themselves can benefit
from using in their lessons (L. Wang, Ertmer, and Newby 2004; Lin 2012).
Additionally the resultant development of CT skills and ability to program can also be
of benefit to their teaching career, and this intrinsic motivation was apparent in

several of the participants.

5.5 CONCLUSION

This stage of the research was principally carried out to answer the objective of RQ2:
Can those without a CT background learn to think computationally?

It identified where Computational Thinking was lacking in the pre-service and in-

service teachers who took part in the process. A lot of knowledge had been gained in

115



Study 1 about the presence of wrong thinking and the reluctance to take part in
learning Action Scripting and programming. Study 2 allowed this to be properly
tested in a more controlled environment and opportunities for developing CT to be
identified as well as places where CT was lacking. The main problem was again seen
to be the sidestepping of the actual processes of CT with a tendency instead to
attempt to copy and paste rather than to work out how to abstract the core of an
algorithm and then generalize it. The opportunity to see algorithms developed was
clearly useful in stimulating thinking amongst participants although one of the in-
service teachers did drop out of the process. His reasons for this were apparent in
that, as stated earlier on in this chapter, he was planning on no longer teaching. As a
result the activity failed to motivate him. Of the others the majority had gained a lot
of confidence and gradually could be seen to be using aspects of CT as they clearly
decomposed the more difficult tasks allowing them to then generalize these and
apply them later. As a result comments relating to difficulty fell dramatically, as seen

in section 5.3.1.

The next chapter describes Study 3 which was carried out to address the research

guestions:

RQ 4 Can pre-service teachers who have adopted CT demonstrate this by applying it

to undertaking “programming” tasks?

And

RQ 5 Does the use of a suitable tool in learning create users who will be motivated to

go on programming?
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CHAPTER 6

STUDY 3

6.1 INTRODUCTION

The previous chapter described Study 2 which involved teaching respondents to
learn to program Flash Action Scripts through a one-to-one lesson set, combined
with completing a set of tasks. The purpose of this phase had been to identify the
design concepts for standalone software that would provide a self-learning tool to
teach the programming of Flash Action Scripting. Study 2 identified ways in which a
failure to use Computational Thinking (CT) had hampered the participants’ learning.
As the lessons were taught and problems encountered in doing the task the
researcher observed the process and recorded what errors took place and the result
produced. It was thus possible to design the standalone system to guide the
participants to go through the process on their own. This chapter describes the
system design and implementation and testing. One of the major objectives was to
see whether participants could use the skills they had learned and apply them in
using a different piece of animation software without having to be taught to use this
specific software. This would be a strong indicator of their having learned to think
correctly. The study therefore continued to include a stage where participants were
invited to use a separate software tool for a similar objective — producing an artefact

for a lesson.

In the study subjects were given incomplete code and were required to complete the
program using their own creativity and thoughts. The ultimate goal for the study was
to encourage learners to write pseudo code to solve problems then translate those
pseudo codes into Action Script programming. Indirectly, the results would indicate
whether the computational thinking skills were being applied or not. In addition, this
study was conducted to provide a better understanding of CT for educators to
support those who want to integrate CT into their own classroom content, teaching

practice, and learning.
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This chapter is structured as follows. Section 6.2 describes the design of the
automated Flash Action script tool, including the design of lessons within it and how
these were tailored to teach individual CT skills. Section 6.3 describes the methods
used for studying the use and effectiveness of the tool. The results are split into two
sections. Section 6.4 presents the results of the process of learning that the
participants went through whilst using the tool. These results include observation
and interview data. Section 6.5 presents the results for the final intended outcomes
of the tool. In other words, it discusses whether the tool was ultimately successful in
enabling participants to learn CT skills and whether they were able to move on to a
new and different tool and transfer their learned skills to design new material with

this tool. Section 6.6 draws conclusions from the work in this chapter.

6.2 TOOL DESIGN

The teaching tool for this study was developed using Adobe Flash Action Script
software. In Chapter 2 the suitability of various tools was discussed and several
researchers have argued that Flash Action Script software is particularly suited to
novice programmers. Additionally, there is evidence of the suitability of Flash for
instructors who wish to develop course material (Chang et al. 2012). In Study 2
evidence was presented that the pre-service and in-service teachers responded well
to the use of Action Scripting. In this section the design of the standalone tool is
described and following sections describe the experiments conducted to evaluate
the effectiveness of the tool in terms of its ability to allow learners to learn CT on

their own.

6.2.1 Architecture of the teaching tool

During Study 2 (Chapter 5) points at which the participants made errors were
identified in order to come out with a precise teaching artifact and hence to
motivate those existing respondents and future learners to learn to program. The
tool was designed so that a user would pass through different stages, as shown in

Figure 6.1 below:
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Introducing the tool -

function of the most

common tools used
in the software

Leading learners
through corrective
lessons based on

Identifying the
function of the basic
elements -
commonly used in
the development

Using the data from

the initial result to

spot if any mistakes
had been made

Guiding the
respondent through
some staged exercise

Querying
respondents on their
performance

their performance

Repeating previous
stages with
increasing
complexity

Figure 6.1: Design and Basic Flow Using the Tool.

Each block in Figure 6.1 above corresponds to a coded element in the tool. It takes
the user through from launching the tool and the Flash Action Scripting software.
Each step in the teaching has an associated exercise to be completed in Action
scripts. Some templates are originally provided and these must be extended to
complete the artifact that the students are designing. They are required to think
through the sequence that their artifact will go through and produce a storyboard of
the flow of activities — thus engaging them in algorithm building through an
appropriate form of pseudo coding for this activity. This also allows them to break
the task down into a set of steps thus decomposing the tasks. From these steps
generalization can be developed once the original codes have been written. These all

relate to aspects of Computational Thinking (CT) as described in Chapters 2 and 3.

6.2.2 Prototyping of the Tool

Before Study 3 began prototyping took place over a period of approximately five
weeks. The prototype was tested on experts in designing multimedia user systems
(Computer Science PhD students). They worked with the prototype for up to an hour

after which they completed a questionnaire as shown in appendix C. Once a stable
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version of the software had been designed the actual study began. The main
objective of the prototype testing was the validation of the language and
functionality of the system along with the design approach, more than evaluating

the tool itself.

6.2.3 Design Tool

In this section the design of a lesson is described in order to illustrate the use of the
tool. Camtasia Studio was used to capture the screenshots that are shown in the
figures below. When the tool is opened, the home screen is displayed, as shown

Figure 6.2.

Adobe Flash Player 11

File View Control Help

Flash Action Script
Part |

part 1: Introduction

Ready to
START?

Figure 6.2: The Home Screen.

The design of the home screen is based around the theory of engaging students in

CT, as argued by Mark Dorling, the CPD coordinator of Computing At School (CAS)
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(Dorling, 2015). Dorling described the difference between the traditional curriculum

and the curriculum when teaching CT, as discussed in Chapter xxxxx

The aim, therefore, of each lesson is to tackle the "Why” questions first followed by,
“How” and “What” and to complete this by switching to the exercise to be followed
by the participant. This is an introduction to thinking in the right order — starting
with why the artifact is being made followed by how it will be done and then what

will be done.

While working with the automated tool the aim was that the respondents would try
to develop their own artifact using guidelines provided in the tool. Every lesson
scene introduced programming functions and users were given hints and solutions

for the relevant topics.

At the end of each lesson step there was a related exercise for the participant. On
completing the exercise they were required to compare their product with the

model given by the tool. An example of this is given below in Figure 6.4.

121



Adobe Flash Player 11

File View Control Help

Is this how your software look like?

Py
The TIMELINE organizes and controls

document’s content over time i layers and

frames. !

LAYER: multiple filmstrips stacked on top of | *
one another, each containing a different

image that appears on the stage.
The TOP layer will be more VISIBLE. Please
try on the layers arrangement.

Click on the coloured bar to proceed with the next sections.

Chint> O

Figure 6.3: Enquiry Screen from Training Tool. The Place Where the Participant
Clicked Revealed Any Problems They Had.

6.2.3.1 Design for Developing Computational Thinking Skills

Different aspects of the tool were designed specifically to relate to the development

of particular CT skills. The following description and figures show how the

corresponding screens aimed to adapt CT skills and section 6.5 shows some

examples of screens that were developed by the respondents when using the tool.

Layer screen (abstraction) (Figure 6.5) — At this stage, respondents would learn
how to organize layers and the importance of labeling and controlling layers.
Encouraging use of a systematic format at this stage was aimed to get
participants into good habits for when they got to the correction or amendment
stage of development. Each layer should represent each different object on each
screen (Routledge, Aminaei, and Benachour 2007). “Once you realize that
computing is all about constructing, manipulating, and reasoning about
abstractions, it becomes clear that an important prerequisite for writing (good)
computer programs is the ability to handle abstractions in a precise manner.”
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(Kramer 2007). Participants were encouraged, using this mechanism, to think
about an object’s role and then abstract from this to produce other objects

elsewhere with similar roles.

F Adobe Flash Player 11 |

File View Control Help

\

By default 'Layer 1" is the first layer's name in flash

Double click on the layer and rename it suitably

Figure 6.4: Layer screen - Adapting Abstraction Domain from CT Skill.

e Navigation screen (decomposition) (Figures 6.6 and 6.7) - At this screen,
respondents were asked to learn about how to break problems into sub-tasks (D.
Wang, Wang, and Liu 2014; Guzdial 2008; J. M. Wing 2006a). In this particular
lesson tool, they were required to design a few related scenes so that the
navigation buttons would be the main component that linked to each screen. An
example of the navigation link from one scene to another can be seen in Figure
6.7. Participants therefore were required to think about the overall problem and
break it down into smaller steps, due to the need to provide navigation between

these steps.
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Adobe Flash Player 11 lecsfl=) Q

File View Control Help

Example: Literacy for Kids

a « abble
o 0P

=)

Tutorial: How to Create a Button |

| — ‘ C for cat

File View Control Debug

oa
£

Numeracy

Figure 6.6: Navigation Screens.

Switch Case Statement (algorithmic thinking) (Figure 6.8) - As the lessons
progressed the activity being taught became more complex and introduced more
programming concepts. Figure 6.8 below shows the “switch case” statement.

This coding exercise would test the understanding of more complex coding based
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on the basic knowledge they gained earlier. Hence, algorithmic thinking is
encouraged at this stage of the task. Respondents were required to use their
algorithmic thinking skills to design the switch case statement based on the
module given as shown in Figure 6.8. The use of this construct forces the
participants to break down the problem to find a route through the problem and

to map it out in code.

I Adobe Flash Player 11

File View Control Help

Learn Action Script - Part |

Navigation Link

STOP the action

CASE statement

F Adobe Flash Player 11

File View Control Help

Action Script - Coding for Switch Case

In this easy lesson you will lear to use the switchicase
ActionScript conditional logic.

You'll learn:
@ How to pass a variable to a function
@ How to make Flash display text in a text field

@ What are the best practices when placing ActionScript
code into your movie

@ How to choose good Instance names and more.

@ The simple example below shows the switchicase
conditional statement at work

Example:

stop();
function write(ColorActivity:String):Void

Figure 6.7: Lesson Tool Switch-Case Screen
Algorithmic Thinking Skill

e More complex coding (generalisation) (Figure 6.9) — Once participants had
mastered the previous skills the automated tool provided them with more

complex problems and problems which brought all the ideas together.
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Participants then developed the ability to generalise from one problem to
another. Figure 6.9 shows an example of artefacts which required more

complex coding, as produced by one participant later on in the course.

E Adobe Flash Player 11

File View Control Help

Action Script - Coding for Switch Case

In this easy lesson you will learn to use the switch/case
ActionScript conditional logic.

convert the shape into Button
and add this action:

—) on(release)
5 {

_root.write("a");

. )
**The scripts will be applied to Green
and Yellow buttons as well.

g — m—
B for_ball | | Box

= ” = You have pressed the BLUE box @

. This is GREEN ball [ This is GREEN apple

@ <> .

Figure 6.8: A Respondent’s Skill in Developing a Complex Coding Page
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Figure 6.9: Analysis —debugging errors

Debugging problems (analysis) — is about finding out what is wrong in a program
and fixing it. Figure 6.10 above shows how a respondent (TT5) for instance, faced
a problem and tried to fix it. The software (Flash) itself gave hints to the user in
order to solve the problem(s). Getting users to take responsibility for thinking
through their algorithms and code, to identify and fix errors is an important part

of to think, and work, like a

learning programmer

(https://community.computingatschool.org.uk). = The  debugging process

encourages independence for the user.
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6.3 PILOT TEST

This study was conducted with five (5) respondents from the University of
Nottingham. Three of them were from PGCE trainees programs here whilst the
remaining two were from postgraduate students (existing teachers) from Malaysia
who further their studies at School of Education University of Nottingham. Firstly, a
respondent was told to develop a small task (Appendix Al). The session started with
the brief explanation about a task, then the respondents started to develop a task
using the tool. The respondents were informed of the need to run the tool and at the
same time start to develop their task without any guidance from the researcher.
When a respondent had completed the given tasks (which took between thirty to
forty-five minutes), they ran their code to see their final product. The tasks includes
creating texts, interactive buttons, colourful graphics and programming tasks using
simple codes. The following sections discuss the results gained from the pilot study

prior conducting Study 3.
6.3.1 Pilot Test Findings

Table 6-1: Positive Responses from Participants after the Pilot test (The example for
each quote was selected from respondents’ feedback.

Positive Quotes ‘ Code
"I think this software looks interesting for me as a | Interesting, motivation

first timer and | love atit..." (PT1)

"...It is very nice and | am sure student will like it | Motivation, interest

software but..." (PT2)

"I think | can do this later because | like it..." (PT3) Confident, interest ,motivation

"This tool look so engaging especially for students | Motivation, Affordance, Interest
who don’t like the specific subject like maths or

history.” (PT4)

"I don’t believe that | can do programming even | Affordance, motivation, interest

though not that much..." (PT5)

"I am looking forward produce something later..." | Motivation, Enjoyment, interest

(PT1)
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“It is so exciting to so this task. | am now feel
confident using this tool even though | don’t know
anything about programming before.” (PT4)

Negative Quotes ‘

“I feel quiet hard for certain parts ..." (PT3)

Motivation, Engagement

Code
Difficult

"I'm not really understand about the scripting at
first, but when looking at the other piece of paper,

slowly | learn and get them right..." (PT5)

Difficult, Lack of motivation

"Sometime | feel quiet confuse...?" (PT1)

Confusing

"Sometime | feel hard to do it because | am not good

in using software or learn programming...” (PT3)

Lack of Motivation, difficult
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Table 6-2: Code Frequencies After Completion of the Pilot Study.

Normalised Normalised
Frequency Frequency
Frequency Frequency Total

. Normalised
Frequencies

(Pre-service Teachers) (In-service Teachers)

Summary of Positive Codes

Interest 28 9.3 13 6.5 41 8.2
Engagement 21 7.0 16 8.0 37 74
Motivation 27 9.0 15 7.5 42 8.4
Confident 23 7.7 11 5.5 34 6.8
Enjoyment 24 8.0 16 8.0 40 8.0
Affordance 9 3.0 12 6.0 15 5.0

Summary of Negative Codes

Boredom 0 0.0 0 0.0 0 0.0
kjg't(iva tionOf 0 0.5 1 0.5 1 0.2
Confusion 2 1.0 3 1.0 5 1.0
Fear 0 0.0 0 0.0 0 0.0
Frustration 0 0.0 0 0.0 0 0.0
Difficult 1 3.0 2 1.0 3 0.6

Of utmost note in this comparison is the summary of positive and negative codes
received from the analysed data — from 5 respondents (3 of them were pre-service
teachers while the remaining 2 were in-service teachers) which summarize the
themes and codes from the respondents. Participants felt that the use of
multimedia elements such as colourful images, texts and interactive buttons were
interesting and would be fascinating to users (Kalganova 2001b; Routledge 2007). It
is clear from Table 6.2 above that the tool created in order to increase motivation to
learn programming by adopting CT had improved participants’ perceptions towards
programming that’s is quotes from Respondent PT4 from Table 6-1. - "This tool looks
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so engaging especially for students who don’t like the specific subject like maths or
history”. It supports the points (motivation, affordance and interest) that the use of
suitable software such as Flash for developing teaching material would aid them to

appreciate learning the subject (Routledge 2007; Fitriza 2012).

The respondents found the tool was so entertaining due to the design and approach
used to attract users. It looks so interesting thus the total number of frequency is the
second highest after motivation theme that is 41 as compared to 42 for motivation.
This tool was suggested to be applied to school so that the use of technology is

adopted in education (Lin 2012).

There were 40 frequencies for the code type Enjoyment - All of the respondents
believed that the use of this tool help them in learning the subject in a great and
lovely environment (Routledge 2007; Fitriza 2012). They agreed that if the subject
like mathematics and history would be practice in this interesting approach, it will

definitely give more concentration for the students.

Motivating code were counted as the highest frequencies of all the positive codes
that is 42 (and the normalised value is 8.2). All respondents really supports that the
use of a tool could attract the students to learn programming or any other subjects
as well. They (students) are not only to become a user, possibility to become a

developer as well (Lin 2012).

Even though there still had feedback on the difficulties in learning to program,
however, the confident level of the respondents still high that is 34 total frequencies
(23 from the pre-service teacher and 11 from in-service teachers). Moreover, all of
the 5 respondents from non-computing background users, they agreed that Flash
Action Script should be learnt by non-computing background users (Lin 2012;

Tsukamoto 2012).

Their effort and affordance towards a tool was positively accepted by the
respondents. When affordances are taken advantage of, the user knows what to do
just by looking: no picture, label, or instruction needed." (Norman 1988, p.9). The

tool and functionality of objects inside helps them a lot for instance the navigation
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link or clickable items were user friendly. From their point of view this tool was not

confusing in terms of terminology used and user-friendly (Lye and Koh 2014).

Looking at the negative codes in Tables 6-2 it can be seen that all non-zero overall
frequencies had filled up two columns that are “confusion” and “difficult”. The rest
of codes were coded as zero value on the “lack of motivation”, “fear” and
“frustration”. Frequencies of confusion and difficult were detected based on the
experience of the respondents as well. Looking at the number of frequency for both
codes, they were slightly higher frequency numbers came from in-service teachers
compared to the pre-service teachers. These values showed that the age and current
profession were the factors that determine these because pre-service teachers aged
from 21-24 and in-service teachers aged from 32-43 years old. The pilot test will
definitely help researcher to upgrade and improve the quality and feedback of the

respondents and to summarize the results gain at the end of the study 3.

Example of Confusion code extracted from one of the respondent:

"I am really confuse with the use of layer and frame name or frame number. Why |

really need to add new layer every time | start with new object." - Respondent PT3

The above quote obviously illustrates that Respondent PT3 was having difficulties
understanding certain concepts and syntax. Such difficulties are known to cause
students feel less motivation to continue their tasks (Sdez-Lépez, Roman-Gonzilez,
and Vazquez-Cano 2016). Pilot studied fulfil a range of important functions and can
provide valuable insights for other researchers (van Teijlingen and Hundley 2001).
Pilot study would also try to identify potential practical problems in research
procedure therefore for this pilot study, it really helps researcher to get the feedback
from respondents on the practical session and the result shown none of them
experienced any problem on the practical issue. Researcher described a pilot study
on teaching computational thinking by cultivating the capacity for problem-solving

skills of students using Flash Action Script software.
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6.4 EXPERIMENTAL METHOD

Eight pre-service and three in-service teachers respectively from the PGCE and
doctoral program at the University of Nottingham were enlisted. These were the
same participants as those used in Study 2. The post-trial evidence from Study 2 was
used as the pre-trial evidence for Study 3. Observations of participants using the

automated tool were conducted and these were followed up with interviews.

Each task lasted between 25 and 45 minutes, depending on the complexity of the
task. Each task involved the development of a complete program. Initially this
involved the drafting of a storyboard (5-10 minutes) before beginning to program.

Participants used the tool without any guidance.

Finally, after completing all lessons using the standalone Flash Action Script tool
participants were given the task of developing lesson material using a different tool
(Anime Studio). The aim of this was to see if they had developed correct CT skills,
including the ability to generalize their understanding to another programming tool.

During this session they were able to refer back to the automated tool for help.

The analysis of the information gathered took place manually from interview data
using thematic codes as explained in Chapter 4. The interview data was manually
recorded using Word List and Key Words in Context (KWIC) as supported by Ryan &
Bernard (2003). In order to appreciate what people are talking about, look
thoroughly at the words used. For instance in this study, in-service teachers and pre-
service teachers very often used “interesting”, “motivate”, “engage”, confident”,
“enjoy”, “afraid”, “demotivation”, “difficult”, “boring” and “confusing”. To generate
word lists the researcher first identified all the unique words in the texts and then
counted the number of times each occurred. The researcher also identified all the
unique words in the text and then counted the number of times each word occurred
(Braun and Clarke 2006). The more the same concept occurred in a text, the more

likely it was that it was a theme. Eventually general themes were found and analysis

continued to generate the basic theme.
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Codes discovered for Enthusiasm and Attention are displayed in Table 6.1. Codes
with example quotes for thinking skills are given in Table 6.2 and those relating to
professional practice consideration in Table 6.3. These thematic codes were once
again based on the combination of pre- and post-activity data and the quotes given

in the tables are for participants in Study 3 only.

These codes were considered particularly pertinent to the research because they
allowed the researcher to analyze the effectiveness of the tool in terms of engaging
participants as well as developing their CT skills. Additionally, motivation to use the
tool would be affected not only by a participant’s engagement and ability to
complete the task at hand but also by their perception of how learning these skills
would impact their professional practice and prospects for enhancing their teaching
careers. It was important that their intrinsic motivation was harnessed as much as
possible if the tool was to be successful as Lin (2012) stated in his article. In addition,
“Intrinsic motivation has emerged as an important phenomena for educators—a
natural wellspring of learning and achievement that can be systematically catalyzed
or undermined by parent and teacher practices” (Ryan & Stiller, 1991). Because
intrinsic motivation results in high-quality learning and creativity, it is especially
important to detail the factors and forces that engender this compared with those

that undermine it (R. Ryan and Deci 2000).

6.5 RESULTS — PROCESS OF LEARNING

In this section the results of Study 3 are presented, including examples of the tasks
completed by participants. The observation data is presented first followed by the

thematic analysis of the interview data.

Observations

Prior to using the standalone tool some participants were fearful of having to
develop their artefacts using the tool but without human intervention. However,
after beginning the work, participants appeared to relax. Each participant worked

through the lessons at their own pace and the lessons were tailored to their
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individual needs by the system. Examples of work produced by the participants are

shown in Figures 6.11 and 6.12 below.

% fwf =68 X

File View Control Debug File View Control Debug

NUMERACY CLUE

Summer 2015

Literacy Club

ABC 1233

Lets Have Fun Kids!

S eusame
NEXT class Teacher Ena

Figure 6.10: Different Screens Designed by Two Respondents.

File View Control Debug

Two apples

6 You have pressed a green apple

Figure 6.11: Participants Successfully Attempt to Use Switch Case Syntax.

Each participant could choose their own task and way of implementing the solution.

There were participants who did all the tasks based on what had been assigned

whilst one participant performed additional tasks. This participant wanted to explore

more technical material based on her understanding of Flash Action Scripts

demonstrating that she had begun to adapt her CT skills along the journey from

Study 2 to this current study.

However, at this stage of the experiment three out of the eleven respondents still

did not organize their layer formats correctly. They were observed to put all artefacts

together in a layer (text, graphic and animation) which demonstrated a lack of
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abstraction. Whilst this might not cause any problems for the immediate project
because the task that was assigned was a very small task, this would not be

appropriate for larger real-life projects that may be conducted in the future.

The tool did, however, appear to successfully allow participants to develop their CT
and go on and produce more complex material. One example of this comes from
respondent TT2 who was a Social Arts student with no background of computing or
indeed any technical skills. The participant clearly found the tool very engaging and
motivating. She showed great enthusiasm in learning how to program using the
standalone Flash Action Script tool. Once the tutor had given the lesson, taking
around 45 minutes, the participant went on and produced her own artefacts which
took an additional 30 minutes. Figures 6.13, 6.14 and 6.15 display some of the

screens produced by this participant independently.
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Figure 6.12: Additional Navigation Links Created by Respondent.
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Figure 6.13: Additional Commands Had Been Practiced.

Figure 6.14 shows that an additional command was used to add further actions for
the navigation buttons at the top of the screen. The participant added features
including 'On Mouse Up', 'On Mouse Over', 'On Mouse Down' and 'On Mouse Hit'.
These additional actions were explored by respondent TT2 because she wanted to
create something different stemming from what she had learnt before. This
demonstrated that the tool encouraged her to think more creatively and she was

eventually successful in running these actions.
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From this respondent's feedback, it was clear that, by giving the correct methods for
teaching, the motivation to learn programming can be improved (Kofoed and Reng
2010; Kalganova 2001a; Tsukamoto 2012) and CT skills can be adopted by someone
without a computing background (J. M. Wing 2008; QuickStart Computing 2014; V.
Barr and Stephenson 2011).

Interviews

The interviews provided a rich source of data (Turner 2010) and the coded data are
shown in Tables 6.1-6.3 below. Table 6.1 focusses on codes which fall within the
Enthusiasm and Attitude theme. These codes are important for representing
participants’ levels of engagement and motivation (Osman et al. 2012; Wong, Yatim,
and Tan 2016) to use the tool. Table 6.2 shows codes related to the CT skills used by
participants, and hence provides a measure of the level of development within this
theme. Table 6.3 examines professional development (Boulton 2017; Duncan, Bell,
and Atlas 2017; Yadav et al. 2014) which, as mentioned earlier, is important as a
motivating factor for the participants since their perception of how use of the tool

and learning the taught skills might impact their career is significant .
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Table 6-3: Enthusiasm and Attitude Codes from Study 3 Responses.

OPEN CODE

PROPERTIES

QUOTES

Successfully complete the
tasks given

“I think | have improved a lot in the
capacity of doing the tasks...” -TT4

Willing to focus on the
tasks given assuredly

“I feel that | can just concentrate
my work without any help or
interference from tutor anymore!” -
75

Feel competent in making
Flash to support the
subject taught

“Although | am not that good using
latest technology, | can achieve my
targets and produce many excellent
works ...” -TT5

Learning to program is
cool

“It’s really cool tool to be used later
by us.” TT8

Pleasure to learn
computing

“It is my pleasure to learn this
interesting tool...” TT1

Understand the concept

“I can now understand the concept
of computing and comfortable
handling the tool...” -TT3

ORGANIZA-
TION CODE
Engagement
()]
2
- -
c Interesting
[7]
E
- Motivation
c
m .
£ Confident
(%)
©
‘@
= "
g Enjoyment
Ll

Enjoy learning things in
flash

“l think learning programming
language is very useful and can give
positive output to the students too
besides teacher can enjoy create
their own teaching module...” -TT6

Love using tools

“l just love it!” -TT6

Believe the importance of
learning flash

“I can apply this tool to develop my
own teaching tool since finance
subject...” -TT6

Give full concentration

“I can concentrate now with the
given kind of online manual” TT8

The challenge of learning
Flash is exciting

“It is challenging but too exciting
using it! -TT1
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Table 6-2: Enthusiasm and Attitude Codes from Study 3 Responses (Continued).

ORGANIZA-
TION CODE

OPEN CODE

PROPERTIES

QUOTES

Appreciative

It  would help my
profession if there are
good facilities at school

“I wish that my school will provide
good facilities especially computer
lab with very supportive software or
latest technology” TT6

Valuable Lesson delivery is | “We learn to program not only for
enhanced our teaching but for our future life
learning process” TT6
Lesson learned improved | “We learn to program to make the
(for difficult subject) boring subject more fascinating and
engaging.” -TT6
Provision of a valuable | “This process helps students to add
.g learning experience experience of integration, which
£ can lead students to arranging and
g designing more suitable digital
< tools to assist...” -TT4
'g The relationship between | “..teach mathematics for example.
© theory and practice is | The graphics used will make it
§ strengthened (e.g. | easier...” -TT6
2 through animation to
_g learn numeracy or
] literacy)
w Challenging Learning and teaching | “..now | realize that to learn how to
programming is | program is very challenging
challenging however...”- TT3

Persistence

Able to work with
challenging tasks

“.before this | thought it is very
difficult and very hard to learn but
now | am quite confident ...” -TT1

Ability to handle
ambiguity

“I can produce some digital
products for classroom teaching” -
773

Ability to deal with open-
ended problems

“I understand clearly that they are
concerned about writing computer
programs. However, there is not
that too complicated programming
scripting as for now and normally
requires only one or two lines of
code to be written...” -TT1
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Table 6-4: Computational Thinking Domain Thematic Codes and Example Quotations.

ORGANIZA- OPEN CODE

TION CODE

PROPERTIES

QUOTES

Algorithmic Thinking

Effort to improve

“Therefore, an effort must be made
to promote new methods with Flash
or any other software for teaching
or learning.” -TT3

This process (develop
from beginning to the
end) forces the pre-service
teachers to think about
what they are doing in
Flash- teaching.

“..not only have to focus on
knowing the techniques, but we
also need to operate OR practically
handle the tool by ourselves.”-TT6

Enhance the diversity and
configurability of the tasks

“.I wish | could produce more
modules for my own teaching
soon,” -TT5

Decomposition

Breaking problems into
sub-tasks

“

.. very interesting that | can have
so many sub-scenes after | created a
main page...” -TT5

Abstraction

Organizing & manipulating
simple data

“Wow, can’t believe | can create
this like I did using Flash...” -TT6

To make systems easier to
think

“..this is where the importance of
naming the layer(s) accordingly so
that...” -TT2

Choosing a way to
represent artefacts to
allow them to be

“l feel confident now to make my
teaching varies besides using only
power point slides or board to

Computational Thinking Domains

previous problems that
have been solved.

manipulated in  useful | lecture” ET1
ways.

Generalisation Quickly  solving new | “this Anime software is almost
problems based on | similar to flash, | don’t feel any

difficulties in understanding the tool
so much” -TT1

“However, the current multimedia
software called ANIME has become
very easy to use. There is no need to
write a computer program.” -TT4

Reuse similar codes

“..this technique helps me a lot
especially to understand more the
concept of copy and paste.” -TT3

Transferring ideas and
solutions from one
problem area to another

“Through the process of practice
and manipulation we learn how to
apply all the skills and become more
familiar with using the software”-
TT2.
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Table 6.3: Computational Thinking Domain Thematic Codes and Example Quotations
(Continued).

ORGANIZA- OPEN CODE PROPERTIES QUOTES

TION CODE

Analysis Debug problems “I can spot where the problem
occur when the error appeared”

-T73

Solving skills “I learn techniques on how to
make my learning module more
effective way....”- ET1

“I know why | can’t navigate to
the other page... wrong format
II_ TT6

Computational Thinking
Domains
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Table 6-5: Professional Practice Domain Thematic Codes and Example Quotations.

ORGANIZA-
TION CODE

OPEN CODE

PROPERTIES

QUOTES

Professional Enhancement

Creative Designer

Innovation in teaching

“Innovations in teaching graphic in
technical or non-technical education
through interactive medium will attract
attention...” -TT5

Animation in learning

“I am sure students will be more
impressive with the subject...” -TT2

Interactivity is the best way of

“Students enjoy learning by doing.” -TT4

teaching

Stimulate students’ creative | “Student explore whatever they wish
thinking to...” TT3

Devise relevant assessment - | “This storyboard helps me to design my

sketching story board

work more effective rather than...”- TT2

Professional

Teachers will be more grateful and

“..in the initial stage we have to spend a

Enhancement happy lot of energy and time on the practical
aspects. Once we have mastered this
stage, we will have the freedom to do
other kinds of work.” -TT6

Conduct class using computer lab “..they will feel more confident and
comfortable using the facilities in the
lab.” -ET2

Better teacher “This tool really helps me to make my
teaching more fascinating.” -ET3

OPEN CODES PROPERTIES QUOTES
Instructional Flash could enhance helpful | “I believe that it will help my professional
Productivity instruction development in the future” -TT3

Flash can help familiarize different
teaching styles

“If teachers are not given an opportunity
to develop and enhance their abilities
using the latest technologies such as
interactive multimedia or web- based
resources, they may abandon their
mission to become an EDUCATOR or fail
to achieve their full potential as good
teachers.” —TT2

Flash helps to
teaching methods

integrate new

“..no more board and pen in teaching...”-
77

Pre-service teacher should include
instructional applications using
Flash

“I think the lesson will be more
interesting and interactive if | can apply
this kind of tool in my module” ET1
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6.6 RESULTS - FINAL OUTCOMES

The research questions (RQ4 and RQ5) provided the objective of seeing if use of the tool
resulted in the participants producing working code for their artefact. This objective was to
see if the tool would allow the users to produce a complex piece of software that would
require computational thinking to be able to successfully complete. The exercise would
require them to use abstraction, algorithm development, decomposition, generalisation and

analysis.

It was also implied for Study 3 that the respondents would improve their attitudes and these
were coded using the attitude thematic codes described in Table 6.1 above. Such attitudes
are important to maintain engagement and motivation to learn programming (Martins,
Mendes, and Figueiredo 2010; T. Jenkins and Davy 2002; Kofoed and Reng 2010). The most
encouraging part was that the respondents were not only become a user of technology but

they were the developer of it (Lin 2012; Singh 2016)

The final objective for testing the effectiveness of the tool was to see whether the
respondents would be able to take their knowledge from learning how to use the tool and
apply it to developing an animation artefact using a different animation software
(QuickStart Computing 2014; Dorling M. 2014). The respondents were asked to produce any
tasks they like by using Anime studio which was new to them (details will be explained in
6.5.3). Anime studio had been chosen in this study because the interface looked similar to
that of the Flash software and was expected to be something they should be able to use if

they could generalise the skills they had learned in the previous exercise.

6.6.1 Completing a complex artefact.

All eleven participants in this phase completed the tasks. The tool led them through the
learning stages and provided the correction needed to aid their design. Though some
worked slowly all completed the process. As they began working through the exercise they
ran the training software in parallel. When the stages of their programming were complete
they were able to compare the output they had achieved (functionally) with the desired
output. When this was not matching they were able to discover from the tool where their

thinking had been incorrect and run the appropriate sub topic. After this they were almost
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always able to produce the correct output directly but the process could be repeated until
success was achieved. All were seen to increase in their skill as the project and lessons
progressed. The final artefact created was far more complex than those completed in Study
2. The coding no longer contained major errors in thinking and planning. The appropriate
codes had been generalised so that code was only reused when it was clearly correct to do
so. For example, the more complex structures (like switch cases) had been used
appropriately. All components had been broken down in a suitable way. These non-
computer programming-trained participants were approaching the task using

Computational Thinking.

6.6.2 Changes in Attitudes.

The results of the coding of the questionnaire responses made by the participants are
collected in Table 6.4 for the attitudes before using the tool and Table 6.5 for after using the

tool.
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Table 6-6: Code Frequencies Before Completion of the Tool Based Training (Study 3).

Normalised Normalised
Frequency
Frequency Frequency Total
Frequencies

Frequency
Normalised

(Pre-service Teachers) (In-service Teachers)
(TT) (ET)

Summary of Positive Codes

Interest 59 7.4 24 8.0 83 7.5
Engagement 45 5.6 32 10.7 77 7.0
Motivation 54 6.8 27 9.0 81 7.4
Confident 52 6.5 27 9.0 79 7.2
Enjoyment 52 6.5 29 9.7 81 7.4
Affordance 47 5.9 28 9.3 75 6.8

Summary of Negative Codes

Boredom 0 0.0 0 0.0 0 0.0
tack =~ of 0 0.0 0 0.0 0 0.0
Motivation

Confusion 8 1.0 4 1.3 12 1.1
Fear 0 0.0 0 0.0 0 0.0
Frustration 0 0.0 0 0.0 0 0.0
Difficult 5 0.6 2 0.7 7 0.6
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Table 6-7: Code Frequencies After Completion of the Tool Based Training (Study 3).

Normalised Normalised
Frequency
Frequency Frequency Total
Frequencies

Frequency
Normalised

(Pre-service Teachers) (In-service Teachers)
(TT) (ET)

Summary of Positive Codes

Interest 65 8.1 32 10.7 97 8.8
Engagement 50 6.3 45 15.0 95 8.6
Motivation 58 7.3 38 12.7 96 8.7
Confident 69 8.6 36 12.0 105 9.5
Enjoyment 54 6.8 38 12.7 92 8.4
Affordance 38 4.8 25 8.3 63 5.7

Summary of Negative Codes

Boredom 0 0.0 0 0.0 0 0.0
kjg't‘ivationc’f 0 0.0 0 0.0 0 0.0
Confusion 0 0.0 2 0.7 2 0.2
Fear 0 0.0 0 0.0 0 0.0
Frustration 0 0.0 0 0.0 0 0.0
Difficult 0 0.0 2 0.7 2 0.2
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All participants in Study 3 had already had training in using Action Scripting so their
responses before using the tool were already better than they were when they had no
training. Use of the tool almost eliminated all negative comments (a total of 4 negative
comments after Study 3 or 0.4 comments per participant). Positive comments had almost all
risen but the most significant change is possibly the more than 30% increase in confidence

comments.

Thus from the subjective individual responses of the participants the tool had achieved the
motivational impact looked for in the research objective. A more concrete test was set in
the fourth objective. The result of this experiment was that all participants were successful

in designing and building their own Action Script based artefact after the exercise.

6.6.3 Participants’ ability to use another animation tool - Generalisation in CT.

Research questions RQ 4 and 5 imply that the participants could be tested using another
different animation tool without receiving prior training in using this tool. The tool chosen
was Anime Studio. The interface to this tool had a lot in common with the Action Script
interface and it was expected that participants who were using CT to design and develop
their artefacts should be able to generalise the ideas learned to using this new software.
They would be able to break down a new task into a set of steps and implement pseudo
code to solve this problem. They were given an example animation to reproduce and were
observed using the new tool. This exercise was completed by all respondents and the output
produced was successful. No help was given to them in using the new tool. Figure 6.16
shows the completion of a task using Anime Studio by one of the participants. An example

of a finished artefact produced by another of the participants is given below in Figure 6.17.
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Figure 6.16: Short Movie Clip using Anime Software (TT3).

Thus RQ4 and 5 were fully tested and produced a positive result. Participants with no prior
experience apart from the skills obtained through taking part in the Action Script lessons
were able to generalise their learning to a new interface. They were observed using the
basic steps of breaking the requirements down into steps (decomposition) providing a set of
steps to produce these sub-components (algorithm building) and generalising their coding

where appropriate.

6.7 CONCLUSION

This chapter has covered Study 3 of the experiment. All of the participants from Study 2 also
took part in Study 3. Obviously their attitudes and expectations on starting Study 3 were
higher than they had been when entering Study 2 but it was useful to investigate whether
those attitudes could be further improved by use of the standalone tool. The design of the
tool was based around the findings from Study 2. As all the students had used wrong
thinking when they began Study 2 it was pleasing to note that 11 of them had already begun
to improve. However, two of the respondents still started the process with the same wrong
thinking as observed in Study 2. Analysis of their performance in Study 2 allowed the Study 3
software tool to be designed specifically to address these problems where they arose. The

participants were able to complete the building of an artefact with a lot of individual choice
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and in parallel refer to the lesson material. This provided a much more convenient way of
learning. Before the exercise some of the participants had expressed specific fears over
working without support apart from by the machine. All, however, were soon observed to
find use of the tool easy. There was some difference in rate of progress (some had learned
more in Study 2 than others so this is not at all surprising) but all participants produced valid
artefacts using a good software engineering approach indicating they had begun to adopt
the CT skills and apply them to programming. The result of the post exercise questioning
demonstrated once again improvement in attitudes with negative attitudes to programming
in Flash Action Scripts having almost completely disappeared and positive attitudes

(especially those relating to self-confidence) having generally markedly increased.

RQ 4 asked whether teachers who have adopted CT can demonstrate this by applying it to
undertaking 'programming' tasks. Respondents did indeed do this, thus demonstrating that
they could generalise what they had learnt to using other software (Csizmadia et al. 2015).
RQ 5 also asks about whether a suitable tool used in learning can motivate participants to

proceed with programming. This was confirmed, as shown in Figures 6.16 and 6.17.

The final chapter moves on to discuss these findings further in light of the research

literature and discusses the implications for this research and future directions.
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CHAPTER 7

DISCUSSION AND CONCLUSION

7.1 INTRODUCTION

Computational Thinking skills will be integrated in the curricula for both primary and
secondary schools in Malaysia starting from 2017 (http://www.themalaymailonline.com). A
clear understanding on the issue and the importance of having clear perspective in Malaysia
curricula since 2011 allowed this research to be conducted. However, since January 2017
the CT skill subject is still not fully implemented due to certain circumstances raised from
teachers. An ambitious initiative to integrate coding into the national school curricula has
worried teachers and this has halted the implementation in school curricular recently
(http://www.themalaymailonline.com). Therefore, the research in the study which was
conducted to look at how motivation for teachers themselves to learn CT using Flash Action

Script came at a very opportune time.

The work for this thesis was inspired by the increasing requirement for the teaching of
programming in schools down to the earliest years. In the UK this process has been
developing over a number of years and led to the introduction of the Computers and
Schools (CAS) initiative computing at school (Crick and Sentance 2011). In recent months
this priority has become critical in Malaysia with the introduction of the same requirements
there (A. Asohan 2016; Azlee 2016). The Malaysian government recently announced
(subsequent to the work in this thesis) that in 2017 coding would be taught in all primary
schools from year three (Abas 2016; Malaysia Education Blueprint 2013). As was discussed
in the introduction and literature review, the fact that few primary school teachers are
experienced programmers and do not have the technical background naturally to be
expected to teach programming means that a problem arises (Suliman, Hawari, and Othman
2011; Umar and Hassan 2015; A. Asohan 2016). Despite the initiative of the MOE in
developing Continuing Professional Development (CPD) centres specific for ICT, as seen in
Chapter 2, there is still a great need for such training if Malaysia is to move forward with its

ambitious programme of computer literacy fit for the 21% Century. In this thesis the concept
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of Computational Thinking (CT) has been introduced and its value in solving general
problems has been looked at. Its value in learning to program and then in teaching

programming has been demonstrated through the literature research.

From the findings of the literature review it is expected that teachers learning computing
will help produce creative designers or innovators among teachers as well as their students
(Hassan et. al. 2010). However, as shown in Chapter 4, Table 4.1, respondents from among
the pre-service and in-service teacher community are afraid of programming and don’t think
they could develop the ability to program. Therefore, the issue is one of trying to inspire and
train teachers to become competent to teach programming. This resulted in a teaching
artefact being developed to allow its users to adopt computational thinking (CT) skills and

use these as an approach to learning to program.

The preceding chapters have presented the results of three phases of this research — Study
1, Study 2 and Study 3 to establish whether this is a real problem and, having seen that, to
look for a way of motivating the teachers to overcome the challenges. The purpose of this
chapter is to bring together the findings of the research and compare the outcomes of the
three stages in the light of the research questions. Connections between the results of the
three sections have been presented earlier but their significance can be seen clearly against

the research question targets.

This research has examined the requirements for becoming competent to teach
programming. Firstly, it is believed that an effective educator of computer programming
needs to adopt CT themselves, which, as discussed in Chapter 1, is not just programming but
the ability to solve problems in more effective ways. As such, the CT process can be broken
down into, and assessed via, several components namely (Dorling M. 2014): abstraction (1),
algorithmic thinking (2), decomposition (3), generalization (4) and analysis (5). The details on

each domain have been explained on section 1.1.

7.2 RESEARCH QUESTIONS

The issue of how to get teachers engaged in learning computational thinking so they can
then teach programming led to the development of the following research questions which

have been investigated throughout the thesis:
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RQ 1 Are primary school teachers ready to teach programming?
Objectives:
e To identify the challenges in learning to teach programming.

e To determine whether primary school teachers think computationally.

The literature review had identified some of the misgivings of primary school teachers as
they face the prospect of having to teach programming and this was tested in Study 1 which

was designed principally to start investigating this question.

Study 1 was conducted with pre-service teachers as they went through the process of
learning Action Script Programming at the Sultan Idris Educational University (UPSI) in
Malaysia. Pre service teachers’ views were gathered on their ability to program and
evidence showed that teachers viewed programming as an “impossible” subject to learn by
users without a computing background. Teachers train to teach in different subject domains
and therefore have their capabilities in that domain in particular. Opinions showed their
reluctance to learn due to it being irrelevant to, and over-technical for, their teaching
domain and they also saw no necessity to develop teaching materials as schools provide
what they have to use. The majority of pre-service teachers also felt that the right teaching
methods are vital but that they didn’t feel ready to teach programming early on in their
studies. Conventional teaching approaches such as chalk and board, or PowerPoint slides
were not engaging enough (Carter and Boyle 2002) to learn to program due to a number of

factors as discussed in Chapter 2, Section 2.1.

There is evidence that learning CT skills can help teachers to understand that they could
learn programming as they would understand the fundamental concepts behind it (Y. Lee
and Lee 2014). Study 1 indicated that both pre-service and in-service teachers did not think
computationally and did not understand the concepts or fundamentals of programming
(please refer to Table 4.2). This resulted in behaviors when trying to code in Action Scripts
such as copying and pasting sections from existing scripts whether or not those sections
were suitable. There was no motivation to learn programming as many, especially in
Malaysia, felt that task should be left to ICT teachers (Singh 2016). The first objective above
therefore identified some of the issues. The challenges to learning are apparent from the
responses given in Study 1. Before the lessons there was a significant element of fear which
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completely disappeared after the module. Boredom and lack of motivation comments were
also almost all overcome after the lesson. On the other hand, comments relating to positive

motivation almost doubled in frequency.

One issue that may have changed teachers’ thinking since the time Study 1 was undertaken
is the introduction of the Malaysian government policy that programming should be taught
in all primary schools in Malaysia (A. Asohan 2016). That issue is the “Why should | learn to
program?” attitude demonstrated in responses from a number of participants both in Study

1 and during Study 2.

Observations of the process in Study 1 and Study 2 showed clearly that the respondents
were not thinking in a CT way. Their attempts to produce artefacts showed a lack of
planning, failure to break down tasks into parts, failure to look for the correct
generalisations and failure to build proper algorithms. This was also seen in Study 2 (please
refer Table 5-1) of the experiment. Clearly the main challenges were negative attitudes to
the idea of learning to program (both regarding confidence but also the need to learn and
the appropriateness of the tools). Also the primary school teachers were clearly not aware
of CT and did not understand that this would be needed to get the programs written. If they
were not thinking in a computational way how would they expect to teach children to think

in that way?

Study 1 therefore highlighted a number of problems related to motivating teachers to learn
to program and to increasing their confidence and understanding of the relevance of
programming. This lead to the question of whether those from a non-computational
background could learn and be inspired to think computationally (Lin 2012; Suliman, Hawari,

and Othman 2011).

RQ 2 Can those without a CT background learn to think computationally?

Objective:
e To understand how teachers might be motivated to learn to think
computationally.
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Clearly if primary school pre-service teachers do not think computationally but have to learn
to teach programming there would be a great incentive for them to learn to think
computationally. But how can this be motivated? The literature had shown a number of
ways in which children were being taught the elements of programming (Brennan and
Resnick 2012) but from Study 1 and Study 2 most teachers felt that the methods used on
children did not inspire them, as mentioned by R. Ibrahim and Jaafar (2010) that the
programming subject is found to be a difficult and boring one and (X. Ling and Wei 2014)
stated that traditional teaching methods often concentrate on grammar scripts and its
simple application. Although they mention algorithms this is normally limited to the
algorithm itself and not the level of teaching thinking skill. Therefore, it causes the students

to think of programming as boring and difficult to learn.

The basic core of the methods presented in the current research was to look for things that
would attract teachers and students and thus make them intrinsically motivated. One of the
ways used to engage children with programming was to get them to program games
(Prensky 2003; Roslina lbrahim and Yusoff 2010; Corneliussen and Prgitz 2015). Others
appealed to the attraction of making drawings or playing with robots (Strawhacker and Bers
2015; Mariappan, Sing, and Nadarajan 2015). None of these were seen to be motivators for

the majority of the teacher participants.

Study 1 identified a lack of suitable teaching instruments used to teach programming to
adults and that if these were provided then motivation to learn how to program could be
increased. However, some of the respondents were concerned that this would be too
difficult and others felt their teaching schedule would not allow the time for this sort of

development.

Those with a non-technical or non-computing background in particular felt that
conventional student-centered teaching approaches were not appropriate. However one-to-
one teaching was used in the study and found to be successful in identifying and correcting
non-CT and enabling teachers to learn the concepts of programming. Existing teaching tools,
however, such as Scratch and Storytelling Alice were not seen by the teachers as being
motivating for them to learn but would rather dissuade them (E. M. Saari 2014). In the

traditional classroom at UPSI teaching of Flash Action Scripts was used and were more
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successful in motivating learning of programming but teachers’ incorrect thinking was still
identified and not corrected in that teaching. That is participants were not being challenged

to think computationally.

The results of Study 1 were clearly supportive of the idea that learning Action Script
programming would improve their attitudes to the concept of them learning to program (Lin
2012) and so Study 2 was designed to find out if a specific direction that focused on
correcting thinking failures (Yinnan and Chaosheng 2012; Yinnan and Chaosheng 2012)
would support this learning. The outcome was to be the design parameters for a standalone

tool that could support this.

The experiment of Study 2 was covered in Chapter 5. Clearly the results of this phase
showed a further improvement in attitudes and self-belief by the participants. The pre- and
post- attitude questionnaire responses are discussed in Tables 5.4 and 5.5 respectively for

clarification.

Comparisons of the normalized figures shown in Table 5.5 illustrate that there was very little
difference between the pre-service teachers and their already practicing colleagues.
Confidence has increased in both groups but a significant amount of confusion remained for

both groups and a level of difficulty was still perceived by the participants.

Observation by the researcher in Study 2 showed once again a lack of Computational
Thinking in the participants at the beginning of their experiment phase. When a failed result
was achieved at any stage the participant was taken through a corrective step which
pointed out the root of their problems. By the end of the sequence of sub-lessons
improvements in thinking were found. This encouraged the belief that the approach taken
would lead to the pre-service and in-service teachers being able to think computationally.
This then laid the basis for Study 3 of the experiment where a tool would lead the
participants through a set of steps to produce a more complex artifact which would have

been designed to focus on developing their computational thinking.

However, in order for the tool to be designed successfully it required identification of when

and where CT was missing in the teachers’ thinking in order to try and promote them to

157



analyze and adapt their thinking. This lead on to the question of whether a lack of CT could

be identified and how to change incorrect thinking.

RQ 3 Can we detect where CT is not happening and lead them to re-analyse their thinking

strategies and consequently learn to think computationally?

Objective:
e To work out how to detect use of the five CT domains: abstraction, algorithmic
thinking, decomposition, generalization and analysis (details about the CT

domain can be referred to page 7).

Clearly the work in Study 2 had already begun to answer this question. By direct
observation of the actions taken by the participants their lack of CT was seen. By repeated
correction of problems so detected the researcher guiding them was able to help them to
see what the correct thinking approach would be (please refer to 5.3.2.2 and 5.3.2.3). The
participants would then correct their work and at least some of them were thinking in a

more CT way by the end of the process.

It was found that skills in all five CT domains could be identified. Study 2 identified the
presence of abstraction through observing the users’ creation and organisation of the layer
functions and names of scenes (see Table 4.3). Algorithmic thinking was identified in the
storyline of the lessons being produced and the logical flow of content. In this initial study
wrong algorithmic thinking was also detected when users were observed to copy and paste
navigation buttons. To correctly perform this part of the task would have required

algorithmic thinking which was not evident here.

Decomposition involves dividing a large task into smaller sub-tasks (Sentance and Csizmadia
2016; Csizmadia et al. 2015). In the experiment, this involved separating the main scene into
small sub-scenes which would allow the contents to be maintained and updated more
easily. The majority of participants did not apply this technique showing they lacked this
skill.

The final stage of the study (Study 3, see section 6.5) involved the development of a

teaching artefact to identify their thinking skills in terms of generalisation and analysis and
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to see if these skills could be transferred to the use of other software (Sections 5.2 and

6.5.3).

Synthesizing these observations into a standalone tool allowed the researcher to think
through this process and build the corrective steps into the process of the teaching tool. In
Study 3 the participants took part without the help of the researcher. The observations
(made visually and through looking through the Camtasia output afterwards) allowed the
researcher to see the development of the thinking. The artifacts being designed by the
students in Study 3 were more complex than those in Study 2. The participants had all taken
part in the previous phase so their attitudes and abilities were already known. They all made
progress through the work and produced working solutions. The complexity of the task and
the simplicity of the solutions added to the belief that they had begun to think

computationally.

The study lead to the conclusion that identifying CT, or lack of, is possible. The next stage of
the research involved determining whether the presence of such skills could be transferred

to other programming tasks.

RQ 4 Can pre-service teachers who have adopted CT demonstrate this by applying it to

undertaking “programming” tasks?

Objectives:
e Provide tasks successful completion of which would demonstrate the use of CT.
e Provide tasks that would demonstrate they can generalise what they learned to

using other software.

Study 3 had clearly shown that the participants could learn to program. Each made their
own artefact and through the stages of the artefact they created each had to demonstrate
use of the same types of programming constructs, none could be answered without going
through many of the parts of computational thinking. The tasks were all broken down into
sub tasks, showing use of decomposition. The algorithms for each part were worked out.
Where appropriate generalisation took place — for example through the use of “switch case”

statements rather than repeating the virtually identical code specifically for each task.
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By adopting the CT domains (abstraction, algorithmic thinking, decomposition,
generalization and analysis) in the lesson tool, they managed to explore additional scripts
(abstraction and decomposition) and enhance the graphic design (algorithmic thinking)
based on their own creativity, debugging errors and eventually created more screens
(decomposition and analysis) with additional interactive buttons to produce their own

complete lesson module.

The most interesting and fascinating part was that the application of the tool had been not
only able to teach the students effectively to use the software development system they
had learned but also to use other software such as Anime Studio (see Figures 6.17).
Participants had adopted the skill of generalisation when the interface on both pieces of
software looked similar, and respondents had had no difficulties in adapting features in
both. Thus, transference of CT skills was demonstrated but it was also important to identify
whether the use of the tool motivated teachers to learn further and indeed to teach

programming.
RQ 5 Does the use of a suitable tool in learning create users who will be motivated to go

on programming?

Objectives:
¢ To identify changes in attitude after use of the tool compared to before.

¢ To identify what barriers still remained.

To get the answer to this question it is necessary to look at the attitude responses of the
participants after Study 3. However, some of the actual statements of the participants

answer this directly:

‘I enjoy coding because it’s fun to create programs and there are no limits to your creativity.’

(Respondent TT7)
‘You can make anything you like and you can always improve on it’ (Respondent ET3)

The attitude survey from the end of Study 3 is again repeated in Table 6.5 to aid

comparison. Obviously the two groups — the large group who took part in Study 1 and the
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smaller group of in-service and pre-service teachers who took part in Study 2 and 3 were
very different. The first group could have been expected to have started with better than
average attitudes as they were on an elective module in the subject area. They did,
however, start out with a lot of negative attitudes as seen in Table 4.5. The training they
received in the ordinary classroom reduced the negative attitudes and improved the
positive responses as shown in Table 5.5. The group taking part in Study 2 and 3 were
volunteers but during recruitment several had expressed negative attitudes to the possible
effectiveness and benefit of taking part. It is useful to separate the responses into the two
sub groups, the in-service teachers and pre-service teachers and this has been done in
Tables 5.4, 5.5 and 6.5. In order to compare the values between the two groups the

numbers were also shown normalized into number of codes per respondant.

Comparing between Table 4.5, the beginning of Study 2 and Table 6.5 at the end of Study 3
it can be seen that negative attitudes have more or less disappeared with only 0.4 negative
comments per participant compared to a total of 14 negative comments per participant at
the start of Study 2. Positive comments had increased from approximately 33 per
participant to nearly 50 per participant at the end. The biggest individual improvement was
an increase of over 5 positive comments relating to confidence in programming compared

to before — corresponding to a 139% increase.

Comparing the improvement between before and after the conventional teaching approach
used in Study 1 where there was a total increase in positive comments by only 2.3
comments per participant there was an increase of 6.5 total positive comments between
the beginning and end of this teaching. There were only 11 participants in Study 3 compared
to the 50 in Study 1 so there may be many explanations for the rate of comments. One
important factor may be that the experience of using the tool is far more tailored to
individual needs. In addition, very few of the 50 participants in Study 1 showed any increase

in CT skills by the end of the process.

The tool did increase motivation to program, as gleaned from participants’ responses, and
they were no longer fearful of programming or technology (see Tables 5.5 and 6.5). The tool
provided an engaging and interesting environment which was shown to help the

participants with their learning of computational concepts and this is a benefit that has been
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shown by other researchers (Lye & Koh 2014). The approach has to be appropriate to be
successful (Lin 2012). What this tool provided, however, was the understanding of how to
think before applying those computational concepts. By adopting CT skills, respondents
demonstrated an ability to program not only using Flash Action Scripts but also in their
applied Anime Studio software (demonstrating generalization), as shown in Figure 6.16. It
was clear that pre-service teachers’ thoughts had changed considerably from Study 1 and,
as can be seen in their comments, they were clearly enthusiastic to use the tool and more

confident.

It addition to this, the pre-service teachers could see the positive impact the tool had had on
their ability to learn to think computationally and had become advocates of the use of
technology in teaching. The exception to this was one in-service teacher who did not show
any interest in the experiment. His lack of motivation to use the tool was evident in his
comments that the school and school technicians should take on the role of providing IT,
not the teachers. However, he revealed that his future career plans did not involve teaching
or being in education once he had completed his postgraduate studies and he was therefore

not motivated to engage with the tool for this reason.

The studies thus far have demonstrated the positive impact of the tool in its ability to
motivate teachers to learn to program. They have also demonstrated the possibility of
teaching CT skills which can then be successfully applied to different programming
situations. This leads us to consider the possible implications of the studies for existing use

of multimedia in teaching at schools.

RQ 6 What are the implications of this study for the teaching of CT and programming in

teacher training courses?

It transpires that the development of the tool is particularly timely given the Malaysian
government’s announcement that programming will be taught in all primary schools from
2017 (Suliman, Hawari, and Othman 2011; A. Asohan 2016). A statement from the
government also acknowledges the value of programming in promoting higher order

thinking skills (S. Y. Tan and Halili 2015; Dewitt, Alias, and Siraj 2016). The research

162



presented in this thesis has significant implications for the way that programming is taught
to teachers. The value in this work is in demonstrating that it is vital to determine the
presence or absence of CT skills as a precursor to teaching programming and nurturing
those skills through motivation and appropriate teaching methods is also key. If
programming is taught in the correct way many more teachers can learn to program than
would otherwise have been possible (Suliman, Hawari, and Othman 2011; A. Asohan 2016).
This has significant consequences for both the Malaysian government and society as a
whole. This study leads the way to future expansion of the tool in terms of content and how

that content can be applied in education and further afield.

7.3 LIMITATIONS

There are a number of limitations to this research which could be addressed in the future.
The standalone tool was developed as software in its own right and so was not available
online. This meant that users could only access the tool when given access to it in the
classroom or, in a couple of cases, when they asked to have a copy of the tool. The fact that
the tool was not available online meant that there was limited scope for the number of

participants who could try out the tool and give feedback.

The content within the tool was limited since it was developed to test the ideas in this
research. It would be interesting to conduct further experiments with a more fully-fledged
tool allowing the creation of more content whilst still guiding the user through the correct

use of CT.

The tool was shown to motivate users to learn to program but the length of study was
limited and it would be useful to test the tool over a much longer time period to see if it
maintained users’ interest and engagement. This would require more users, content and
perhaps require more complex development and reasoning but this, again, would be useful

to observe and analyse.

It would be useful to gain feedback from those whose job is to train teachers to teach. The
tool aimed to take on some of that role in the domain of learning to program, but it would
be interesting to get instructors’ feedback and also to have a better understanding of

whether the tool could augment existing teaching practices to produce a more optimal
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outcome. The tool was only studied in its own right and not in conjunction with other

teaching of the subject of programming.

7.4 FUTURE WORK

A number of future tasks have been identified. A longer term study on the use of the tool
and its effect should be conducted to gauge more fully the extent to which it might be used
and how good it is at teaching CT. This could be done through assessments of ability pre-
and post-study and formal measurements of motivation as well as studying users’ attitudes

and beliefs with respect to technology and programming.

One of the more interesting directions would be to experiment with the idea of the ability to
gauge and adapt other cognitive functions in users through the use of a tool. It has been
shown that CT skills can be identified and, where needed, taught to users. This leads us to
ask whether it is possible to identify other incorrect or unhelpful thinking in users and then
correct their cognitive processes. Such a tool could have widespread uses in many domains,

although would also need to be used carefully.

More elements of CT such as generalization can and should be added to the tool and this
should make the resulting system even more attractive to both young learners and more
experienced people from various backgrounds. Care would need to be taken in order not to
make the tool overcomplicated. This could be achieved by levels in the tool through which

users work.

The tool is currently a standalone artifact and one of the obvious expansions is to make it
available to learners online. Making the tool more accessible would allow greater reach
within the community and therefore greater impact. It could also allow users to comment
on each other’s development of these skills enabling scaffolding and community-based

support.

Commercialization could also enhance reach and enable the tool to be more widely

promoted not just in teacher training at university level but also as an additional teaching
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instrument or artifact to be applied outside of academia. Consequences for industry could
be significant and, as discussed previously, the development of CT skills have a wider impact

than just using technology and programming. These skills are valuable throughout life.

7.5 CONTRIBUTIONS

Initially, it was anticipated that the contributions of this research would stretch to improving
the experience of pre-service teachers in learning to teach programming at UPSI and in

Malaysia in general. Contributions to this have indeed been made in several ways as follows.

It has been demonstrated that CT skills can be gauged and also taught where incorrect
thinking is present and that a computer-based tool can be used for this. As such this study

adds to the body of knowledge on CT.

This research has a wider impact on the roles of tutors who teach programming in that, if a
tool such as the one developed here is used then teachers should be required less to teach
higher order thinking skills and have more time to teach other material. This would
contribute to both teacher training and also be useful to teachers who teach programming
to pupils in schools. If their teaching is more effective because they understand more fully
what they are doing, then this will enable far better learning in their pupils and much more
confidence for the teachers. This contribution applies not only to Malaysia but also to

countries worldwide.

A further contribution is that a mechanism has been developed which enhances motivation
and helps users overcome barriers to using technology and programming. This is in addition
to helping teachers understand why they should learn to program and to help them accept
this role more willingly. The removal of mental blocks to engaging in an activity can reduce

the battle to learn and this research makes a valuable contribution in that area.

Finally, a tool has been developed which achieves all this but, due to its effect on
fundamental thinking skills, can be used to impact more widely than just learning to
program computers. CT skills are important in everyday life and as such, the tool is a

valuable contribution to the ability to more fully develop these skills and potentially others.
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Ten years from now, much of what we have taught our students will be outdated, but the
thought processes will still be applicable. The thought processes that parallel a computer’s
processing enables students to be lifelong learners and for example adapt to and use
computing tools regardless of how tools change. As far as UPSI is concerned, the tool
provides an additional medium for teaching pre-service teachers, and others skills that can
be applied in different disciplines. However, this timely research can also impact on the
development of other initiatives which promote progression in science, engineering and
other domains in Malaysia and enable the country to keep pace with the needs of the world
and become a “competitive technology hub for the region” (Wawasan2020, 2008 and Malay
Mail, 2016).

Ultimately the tool will be proposed to the government of Malaysia specifically for
application to the Education sector. The recent announcement from the CEO of the
Multimedia Digital Economy Corporation (MDEC), stated that coding will not only be taught
as one of the subjects in Computer Science but also will be included in the pedagogy of
teaching (Malay Mail, 2016). This research therefore contributes widely to education as a

whole in Malaysia, as well as worldwide.
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Toolbox For Adopting Computational Thinking Through Learning Flash
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CONSENT FORM

This is to confirm that | have agreed to take part in a research trial for the period

to . | have read the information sheet provided and | understand

what is involved.

| understand that the trial will gather data on my personal view of points and | agree that

the use of this data in an anonymised form in the related research.

| understand that | can withdraw at any time, by returning the equipment to the registration

point, and my personal data will be erased from the records.
| confirm that | am over the age of 21.

| give permission for the data collected to be used in subsequent associated research.

Signed
Name

Address

Contact No :

Email

APPENDIX B
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Toolbox For Adopting Computational Thinking Through Learning Flash

PhD STUDY
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This Phd Research will look on how to motivate students (master in education and
technology or trainee teachers) to learn programming (flash programming). The task has
been chosen to use the system and there will be a short interview and you are asked to
answer a few questions related to this research. The interview will take about 30-40

minutes.

The data collected will be used to analyze how effective the system is and will it increase the
motivation among non-technical students to learn flash programming. You may contact me

at any time for information about research or in relation to your consent, my address are:

Your data will be stored in accordance with the Data Protection Act 1998, namely on a
password protected drive in a secure facility and only for duration for which it is required. It

will only accessible by those directly involved in this research.

You have been chosen to participate in this study as someone who might be representative
of using this type of system. You may withdraw consent form from the experiment at any
time during or after the task for any reason without penalty by contacting me on the
address above. In this event all the data will be erased. All the data will be anonymised
before publication; unless you have given specific consent data to be published that could
identify you. Publishing data will result in information becoming available through the

internet to anyone who wishes to access it.

RESEARCHER: SUPERVISORS:

DR. PETER BLANCHFIELD

ERNI MARLINA SAARI

B49 Learning Technology Research Group DR. GAIL HOPKINS
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School of Computer Science
University of Nottingham, Jubilee Campus
Wollaton Road, Nottingham,

NG8 1BB

APPENDIX C

Example of the screen design: Screen Shot on the Lesson Module
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fain screen - There are two choices of subject either Numeracy or Literacy to be
clicked by the user.

Mumeracy Screen - The screen appeared afteruserclick on a Mumeracy button
fromthe Main screen.

Literacy Screen - The screen appeared after user click on a Literacy button from the
hain screen.

Sub-screen afteruserclick on a Addition symbaol. Each number clicked will navigate
tothe correspondent screen.

Sub-screen afteruserclickon a 'b' button. The screen displays the animated
bouncing ball that representthe letter'B".
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APPENDIX D

STUDY 2 LESSON TASKS

PhD. RESEARCH
Storyboard: Develop a module

Date : 01 March 2014

Screen design on the main page.

. . . Mavigation BUTTONS to the correspondent page.

Mavigate to START new module on flash page.

Mavigate to DRAW object page.

Mavigate to ANIMATIOMN page.
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was clicked:

Display TEXT

)

Display IMAGE/ANIMATION

J

Mavigate to previous page.

Mavigate to previous page
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APPENDIX D

TUTORIAL LESSON FOR STUDY 2 EXPERIMENT

Pictionary Lesson for Beginners

You are required to Develop a Pictionary or any related module for kids. The module should
comprise multimedia elements such as colorful text, graphics animation and audio

(optional). You will be guided by a tutor in order to produce a task. The example as below:
Step 1: Create a NEW FILE.
Step 2: Create SCENES - at least 5 scenes.

Step 3: Rename all the scenes name into APPROPRIATE names such as Main Scene, Scene

Intro etc.
Step 4: Create TEXT - create text on every scene and edit those text accordingly.
Step 5: Modify Text - learn to change color or font size.

Step 6: Draw an image. Any Image you like using a provided tool or IMPORT an image from

internal or external file.
Step 6: Draw image(s) on every scenes.

Step 7: At the first scene, create a NAVIGATION button. NEXT button and BACK button these
buttons will be reuse for the whole module BUT the changes will be affected only on the

action Scripts).

Step 8: Start to control the scene. Understanding of concept STOP function; LAYER function

etc.
Creating Motion Tween in Flash

1. Draw a vector using any of the drawing tools in Flash, say a small circle and convert it

into a symbol (F8) by selecting the Graphic option and name the symbol say 'ball'.

2. Click the 20th frame in the Timeline and insert a frame (F5).
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3. Now right-click the 20th frame in the Timeline and select Create Motion Tween (or
Motion option from the Tween panel of the Properties inspector) and insert a Key Frame

(F6).

4, Select the 10th frame and insert a Key frame (F6) and move the ball to a different
position say, above the current position to create a motion sequence (automatically

tweened by Flash).

5. Save your work and test the Movie (Ctrl + Enter). That's it you have created simple

animation using Motion Tween.
Stop Action

Script to stop the action: Stop();
Navigation scripts

On (Release) {

gotoAndPlay ("frameName", frameNumber);

193



APPENDIX E

Lecture on Flash Action Scripts

These are all steps involved during Study 2 experiment whereby tutor will start to teach
respondents using conventional (traditional) approach. Appendix 1E has details about the

steps involved.

| mra——
E Nottingham

CREATE NEW - flash file

.-""....Fi|¢ > New > General >Flash file

A new flash file CREATEDII
File > Save as > filename.fla

A new flash doc has created and
save under 1 folder. The format
for the source file is . fla

£Emi Marling Saar

New Screen

Tou ity ol
E Nottingham

LAYERS -organize your work

* Organize you task with
Layer.

* One layer for each form.

* Key frames can be set

LESSON 1: PICTIGNARY basedon the module you

design.

C

£mi Marling Saar

Layer Screen
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Ths Unbressity of
E Nottingham

i MENU bar

MENU bar - you can
find all the sub-menu
under this menu bar.

File Edit View Insert Modify Text Commands Control Debug Window Help

Ermi Marling Saar

Menu bar screen

T Uity o

' | Nottingham

ACTION panel

This ACTION panel is where i-"
you add actions of frames and
symbols. From actions come
interactionand lots of snazz 3 i .
funll ———— ——e————

e 51 [

Emiaring Saart

Action panel screen
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[r——
E Nottingham

TOOLBAR palette

= Clickto add text

Toelbar - you'll find ALL your
image editing tools. Zoom, paint,
type, transform and color to
your heart's content

Ermi Marling Saar

Toolbar palette screemn
¥ | Rotinghom

NEXT button

* Your NEXT Butten is
ready to navigatel

Next button screen

T nieessiy of
" | Nottingham

SCENE - more scenes added

* more SCENES can be added
for your project!

* Window> Other Panel> Scene
» Scene's name : Scene 1

Emi Maring 533
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Addition scenes

[r——
E Nottinghamr

i STOP the movie

¥ + At the last frame, add the
STOPaction seript in order to
stop the movie.

* stop ():

Ermi Marting Saar

Stop movie screen

o by of
E Nottingham

i PROPERTIES panel

You can change your background

color, size at this panel. While you

editing Text,all the text properties

can be seen under this panel too ie:
text font, size, alignment etc.

Emi Marting Saan

Properties panel screen
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i GRAPHIC - ball

4D s v 4w 5 % % w & B om e & momowomow

Yy e ot it : ]

* Choose an OVAL TOOL from the
toolbar palette.

ect the image

ball , Convert to symbol
ct as Graphic > name the

Emi Marlina Saan

Properties screen
| Jfret

SWAPPING *echn‘que You can duplicate the
Button/symbol BUT NOT
B s s Y the acti t by using

s i SWAPPING technique.

buttor
Click on the new buttons
om
panel> name it

button at the Button
olumn.

EITE =

Swapping technique screen
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Tt Uy 61

' | Nottinghar
I PR TRTHOS
c e, 1
* The color of the layer has been T TR R |
changedto light grey after you e A0
set them for Tweening.
*At each break-point, pesition s b «
your ball (frame 25,30 and 50)
*To run the movie on the stage, B ﬂLL
you can just press Enter key.
-

* To runthe whole project, press A

Ctrl Enter. e = = J

U gmiMaling Saaf ottt T

Animation screen

3 CHANGE the color

* ineach mode of the
buttons, you might change
the color.

P —
" | Nottingham

» click on the button>
choose the color from the

color palette.

* You have 4 different
colors in 4 different mode
of buttons|

Emi Marlina Sazn
How to change color - screen
I Rotingham

SCRIPT - button navigation

e

* Type the script on the
Button for navigation
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Stage to type the script - screen

:‘ TWEENING

* Select the object Ball layar.
* Break the frames (pressFé
at the selected frame) into 3
sections (humber of direction
of the ball).

+ select Inzert> Timelines
Create Metion Tween.

Erni Marling 533

Tweening tutorial screen
P | Notinguem

Button Behavior

* right click on the Up column > choose

Copy Frames > paste Frames at the
Over, Down and Hit column.

Emi Mariina Saar

How to insert behavior to each button.
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T Umieresity of
' | Nottingham

Import SOUND file

ks Vi v U] e = |
oo ol Vo e R T T

* Your sound file is ready to
be imported into the stagel

* Highlight the Sound L

* Drag the sound from the
library to the Stag

£mi Marling $3ari

How to import sound

The University of

Nottingham

* You can choose the file
format that you wish too.

* Check on the box provided
and click on the Publish
button.

Ermi Mariina Saar

How to save file
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(MINISTRY OF EDUCATION MALAYSIA) KEMENTERIAN
Bahagian Kokurikulum dan Kesenian PENDIDIKAN
Division of Co-Curricular and Arts MALAYSIA
Aras 3, Blok E9, Kompleks E
Pusat Pentadbiran Kerajaan Persekutuan To.: 46036872 1610
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(Websita)

Rujukan Kami KPM.600-14/1/20 Jid. \2 ( 22)
Tarikh iy Februari 2017
1+ Jamadilawal 1438 H

Pengarah Urusan

Ardent Educational Consultants Sdn. Bhd (791370-A)
100-1, Jalan 2/23A,

Taman Danau Kota,

53300 Kuala Lumpur

Tuan,

PENGANJURAN PERTANDINGAN BEAVER COMPUTATIONAL  THINKING
COMPETITION DI SEKOLAH-SEKOLAH RENDAH DAN MENENGAH MALAYSIA.

Dengan hormatnya perkara di atas dirujuk

2 Sukacita dimaklumkan bahawa Bahagian Kokurikulum dan Kesenian (BKK)
Kementerian Pendidikan Malaysia (KPM) telah meneliti permohonan Penganjuran
Pertandingan Beaver Computational Thinking Competition di Sekolah-sekolah
Rendah dan Menengah Malaysia. KPM tiada halangan untuk pihak tuan
menganjurkan pertandingan berkenaan secara terbuka kepada mund-murid sekolah
dan bersedia bekerjasama untuk kelancaran program tersebut

3. Walau bagaimanapun, penganjuran pertandingan tersebut adalah tertakluk di
bawah Surat Pekeliling lkhtisas Bil. 9/2004 - Ruj. KP(BS)8691/JId.XVIII/(8)
bertarikh 16 September 2004 - Panduan Penglibatan Murid-Murid Sekolah Dalam
Program Atau Aktiviti Anjuran Agensi-Agensi Selain Daripada Agensi Di Bawah
Kementerian Pelajaran Malaysia.

4. Sehubungan itu, pihak tuan hendaklah mengambil maklum dan mematuhi
peraturan-peraturan berikut:

4.1 program yang dilaksanakan hendaklah tidak bertentangan dengan semua
dasar kerajaan dan dasar KPM;

4.2 kebenaran daripada Pengarah JPN dan Pengetua/ Guru Besar hendaklah
diperoleh terlebih dahulu sebelum mengadakan sebarang program di
sekolah atau yang melibatkan penyertaan guru dan murid;

4.3 penyertaan murid dan guru hendaklah tidak mengganggu atau menjejaskan
proses pengajaran dan pembelajaran mereka;

“1 Malaysia : Rakyat Didahulukan, Pencapaian Diutamakan"
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5.

4 4 setiap murid perlu mendapatkan kebenaran ibu bapa melalul Pengetua dan
Guru Besar masing-masing;

45 pihak penganjur diminta mengadakan langkah berjaga-jaga demi
keselamatan dan kebajikan murid-murid sewaktu program berlangsung;

46 tempat yang dipilih untuk mengadakan program telah dikenalpasti selamat
dan bersesuaian dengan program

4.7 guru-guru pengiring hendakiah dilantik oleh pihak sekolah mengiringi murid-
murid ke program atau aktiviti dan

4.8 tiada implikasi kewangan kepada KPM, JPN dan PPD yang terlibat dengan
pelaksanaan program yang dijalankan.

Pihak tuan juga adalah diminta untuk mengemukakan laporan program kepada

Bahagian ini dua minggu setelah program selesai untuk tujuan rekod dan rujukan.
Kelulusan ini hanya untuk tujuan yang dipohon sahaja dan luput selepas 31 Disember

2017.

Sekian

‘SEHATI SEJIWA'
‘BERKHIDMAT UNTUK NEGARA'
‘PERPADUAN MELALUI KOKURIKULUM'

Sayay nurut perintah,
(RO UM AHMAD)
Pengarah

Bahagian Kokurikulum dan Kesenian
b.p. Ketua Setiausaha
Kementerian Pendidikan Malaysia.

s.k.

1. Timbalan Ketua Pengarah Pelajaran Malaysia (Sektor Operasi Pendidikan)
2. Pengarah Jabatan-jabatan Pendidikan Negeri
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Learning Computational Thinking
Through the Use of Flash Action Scripts

Preparing Trainee Elementary School Teachers for Teaching Computer

Eeywords:

Ahsiract:

Programming

Emi Marlina Saari, Peter Blanchfield and Gail Hoplins
School of Comgruter Science, Lniversity of Nottimghu, Jubile Compus, Noviinghae, 00

Conynutations] Thinking, Flash Action Scripts, Trainee Teachers.

The teaching of Computer progranuming i now mandated in UK state nin primary and secondary schools
ut few elamentary teachers have any exposurs to progranuming and are gensrally from backeroands that
hawve not given them fluency m usimg such technolosy. This paper outlines zn stternpt to develop 2 Taining
scheme for rainee teachers that will inroduce them to conymrtztionsl thinking throwsh the use of the Flash
Action Script Development arviramment It is believad that leammg how to uze thiz tool will provide them
with greater motivation to leam how to program as the scripts will be used to develop teaching instrormants
that they might uza in their classroom. The current paper reports progress an the development of a tool that
will allow the teaching of Flash Action Scripts and the testing of this approach on groups of traimes and
experienced teachers. It reports on an experiment and the relative level of entmsizsm motivation and
attiade of the experienced teachers and the trainae teachers both bafore and affer exposure to the pilot tool.
As expected the rainee teachers had a more positive attimde towards the potential of the leaming tool bt

bath groups had improved attifude and enthusiszm after the expariment.

1 INTRODUCTION

The Computing and Schools (CAS) putiztive 1 the
UK waz launched m 2008, It was In responsa o
concerns that previous moves towards teachmz
Information & Commummication Technology (ICT) m
sohools haz lad to muslezdmz pupils az to what
constitutes Computing and demetivation of pupils
whe already have Computmgz sklls (Cnck and
Sentence, 20113, Thiz led in the anhmm term of
2013 to a program of cumenhim changes to merease
thae degree of computer programmimg taught at
secondary schools. This was also mfluenced by a
responze to leadmyg mdustriahists asking that schools
should be teaching the basics of programming to a
wider audisneca. At the start of the 2014 antwrm term
thiz process was extended to cover elementary
(primary) schools. This second procszz i1z likaly 4o
be even more difficult than the first 2= the nature of
tha alementary school teachsr traming programmes
iz mot o produce teachers who are specialists; rather
it nacessanly attracts and develops generalists. The
generalist nature of teaching in elementary schools
haz already meant that earlier programmes fo

Sanwi E., Biaschioid P gsd Hopkiss G,

Lissurviey Coomppretational Thinking Throegh e Use of Fush Action S - Progaring Tane: B y Bidhons] Tissehirs fer Tizaching Corg
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promete maths and English teaching in elementary
schools haz required reframmg programmesz for
teachars in these schoole and further developmeant of
subjact zpecizlist teachers in thoze schoolz amd
school districts (Williams, 2008).

The CAS mitiative has bean bt around certam
facilitating  umrversittes with  specialist  teacher
tammng or reframmg programmes. For exampls
Nottmgham Trent Unrversity offers an M3c degres
titled Computmz m Education that mehides modulas
that help teacherz to leam how o teach
programmming skalls.  Fagular mestings of the CAS
allowr expariencad teachers m different areas to share
their findingz on how to nm programming classes m
schools. Differant approachss have bean takan but
the focus must now be mere on fraining the
elamantary teachars to ba abla to handle the material
az they are seldom from a techmical backszround and
generally have less natural melmation to program
Iiany elementary teachers are in fact quite nervous
of the whole area of tachnology. (See for exampla
teacher comments m Sectiond.1.)
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2 THE ROLE OF
COMPUTATIONAL THINKING
IN LEARNING TO TEACH
PROGEAMMING

Much work 1z currently being undertzken to help
leamer: overcoms the mabilitv to program. Of
particular value 1= work being undertaken with
voung leamners themsalvez., Scratch (Framklin =t al,
2013} and Python (Begosso et al 2012,
Bogdanchikov, Zhaparov & Suolivev, 2013) have
been popular for thess ztudies. However, bazed on
our experience with many elementary teachers,
using a viznal system hke Serateh 15 off-putting due
to 1tz child-centred lock and feel, and teachmz a
programming language lke Pyvthom can sesm
daunting due to s comsiderably mcreased
complexity over Scratch. Erther way, programming
languazes seem mirinsically hard to lezrn and most
of the examples of using them are of litls minn=ic
value to teacher=. The teachers can zee that children
nmught be drawn to programmung games and
animations but fasl a level of fear when approaching
the idea of learning programming themselres. We
lluztrate this further in Section 4.1, balow.

Muoch of the work of the CAS has been to
emphazize the use of “Computational Thmking”
(CT) as a valuable thinkmg skill for all aspectz of
life (Wing, 2006, 2008, Grover and Pea, 2013). CT
mvolves using the azpacts of developmg computer
solutions  to  problems, algornthmic  thinking,
decomposition, abstraction, generalization and
evalnation (Deorlme 20140 Wmeg (2008) has
strezsed that CT can be adopted in everyday life but
it 1z doubtful that many people would consciously
apply many aspects of this thmking when
approaching most real life problems. In evervday
lafe 1t 1= probably mers appropriate to apply aspects
of CT such as evaluating, locking for gensralizations
and use of decomposition. For sxample, a2 saimav
will work out computationally the bast ronte to take
according to the algorthm it has been programmed
to use but the user needs to evaluate the solutions
and understand what i1z being prioritized in ordar fo
kmow whether to take the advice being given.
Generalization 15 used when we fry to ==z how
pravicus solutions might easilv be adapted to new
problems. Decomposiion is used when we look at
how to brezk down problems info parts that can be
tackled more eazily than the whole. For zome groups
the development of algorithm: may be more
valuabls — for exampls those learming to program.
In that regard we must now mclude elementary

school teachers in thiz group a= they will need to
have some appreciation of how algonithms are
dezigned and implemented m order to lead the pupils
towards thiz understanding. To zome axtent thiz 1z
gomg to be lmited by how much abstraction an
elementary school pupill 1= able to understand.
Languages that ars bemg usad to teach programmmg
in elementary school usually try to make the
algorithms as conerete as possibla, by using graphics
and games design.

The motivation for the ressarch prezantad m the
current paper was our prior Sxperiencs mn trving to
teach trainee teachers how to uze ICT tool= at a
teachar traming imstrfute in Malayzia. Problems
ancounterad i practice ware largely dus to a lack of
computational thinking m the process appliad. The
studantz had a temdency to “copy and paste”
examples which they felt were smmilar to the task
thay had to do rathsr than analyss the tazk break it
down mto sub fasks, understamd the zet of steps
neaded to achieve the sub task and =o on. This lack
of CT may hawve been largaly dus to thair
unfamiliarity with  bwmlding  such  proceszses.
However, it leads us to pose the question: “how can
we encourage primary school teachars fo lsam to
think computationally and thersbv be able to leamn
tha languages thay nead to deal with to teach voung
children fo program alzo?” Coming from z non-
technical (engineering/phyvsical scisnce) backzround
can make alsmentarv school teachers fearful of
uzing technology n gensral and view learning to
program as 2 diffienlt task. One aspect of this, from
previous oheervations and discuzsions, i= ther lack
of intrinsic motivation to leamn programming. A first
step in answenng the question of how to encourage
tham to think computationally wnll therefora ba how
can we provide inirinsic motrvation to  think
computationally? The pesition taken m this paper 1=
that using an approach where they can ses that they
could gain facility in using z tool that will enhance
their ability to produce really attractrve teaching zids
will enhance their motivation to leam to thmk
computationzlly 1if computational thinkmg 1=
intringie to using that tool. L (2012) highlizhts that
aducators can bacome courseware dezigners and no
longer just play the role of submiszrve users but
inztead bacome creatrve developers. For thiz reazon
this research haz chosen te look at the ways m which
teachars can lzarn to produce Flash Action Scripts to
develop attractive teachmg aids. It 15 believed that
thiz will enhance therr metrration to leam to thnk
computationally and we move on fo discusz this
further in the next section.
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3 TERAINING OF TEACHERS IN
THE USE OF EDUCATIONAL
TECHNOLOGY USING FLASH
ACTION SCRIPT

One of the challsnges 1demtified for a teacher
education program iz engagement of pre-service
teachers and teachsr aducators m converzations
zbout their attitndes regardng the role technology
should play mn teaching and leammg. Hammond
(2013 menfions the sigmificance of ICT aven of
engagement s not to be taken for granted and the
effect of the leamms 15 compheated. Others have
sought to emphazize the need to mtegrate technology
into education. For this to be done suecessfully it
needz to be mteprated mto the trammp of the
teachers. The arguments around this have been
summarized in Tondeur =t al (2012}

It iz our aim that we can develop an elactromic
leammng tool specifically ammed at helpme tramee
teachers mm which ability to use Flash Action Senpts
and the Flash development environment are the
leaming  objectrves. Tltilisation of =uch an
environment builds wpon the views expreszed by
others of the value of nzmg mstructional vidso m e-
leammg (Zhang ot al, 2006, Wielmg & Hofman
20100,

The mterface that 1= provided for the Flash
Acton Scnipt developar 15 gquite complex but haz a
lot in commen with othar IT tools that users will be
familiar with — for example Photoshop and
storvtelling software like Microzoft Photo Story.
2kills learned will zlzo be generalizable to other
animation development tools such as Anmme Studie,
EBlender and even the Unity 3D game engme. The
scripting language itself 1z simular in form to many
other programmme lanzuages but the purpoze of the
scriptz — such a= actions performed when buttons are
clicked — haz 3 muwch simpler o understand
connaction to the purpoze that iz baing looked at.

During imferviews many of the teachers and
tramees met durmg these studies indicated that they
were familiar with using storvboarding zoftware, for
example, to produce artefacts to aid their teaching.
The actual level of senptmg needad to make simple
animations within a Flash program iz low. However
a2z the complaxity of the artefacts increzses zo alse
dosz the complexity of the zeripting nesded. Thax
therefore potentially leads to a staged introduction to
the seripting and at the same tmme help to develop
the azpect of algorithm desizn within computational
thmking. It can also miroduce the concept of

genaralization as the same basic format will ke
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needed In many different problems. As the wser
progresses aspacts of abstraction wall alsa be
poszibly developed, for example through the uze of
functions to undertake often needed processes.

The ultimate aim of cur leamimg environment 15
to make thiz a self-help tool that will analyse a
uzer's performance m leszon exercizes and that any
leszom will be automatieally adapted to 2 given
uzer's neads. In order to mvestizate thiz a pilot tool
was developed in which a zet of lezzons was
produced aimed at teaching the wsa of the Flash tool
to gualified school teachers and to 2 sot of traines
teacharz on a PGCE course. The lazssons took the
learmers through the stagez of buldmg an arfefact
that they were expeactad to see as useful for thair
intanded taaching. The progressive development of
the artefact focused om providing a set of
inereasingly complex animations ammed at helping
children 1n earlv vears' aducation to obiain basic
literacy and mumeracy skills.  The teachers and
tramnsaa teachers were taken mdividually through a
zet of thear owm lezsons to build the artefact. During
thiz proceszs faulty or nom-computational thinkmg
approache: adopted by the teachars'tramees wera
identified. Any Imcorrect approache: were then
corrected by the trainer and the suceass ar otherwisa
of the strategy taken in zttempting to correct them
was examined.

4 EXPERIMENTAL METHOD

In order to investizate the difficuliss obzerved in the
Malavzizn framnes teachers and the rols of our
proposed tool m feachmmg CT, two groups of
Malayzian test subjectz were recrumtad for a pilot
study. The first waz a group of experienced taachers.
The second was a similar zat to those m the original
Malavzian tramee clazses, except that thev were
studying on a PGCE course in the UK. Both groups
had no backeround experience in the use of zoftwars
development.

The =tudy waz subject to the ethics approval
process.  All participants were mformed of the
nature and purpose of the study before partaking and
were aware of the recording methods that wers to be
uzed. Thev all sizned consent forms for their data to
be gatherad and used m the study.

Prior to using our pilet tool sach subject was
intarviewed initially about their attituds to wsing the
Flazh environment and other aspects of usmg
technology,  particularly  the  learmmmg  of
programming tools Imcludme the use of Seratch. Tha
purpose of thiz was to dentify attrtudes already held
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by ths subjects and enable us to identify m post-
seazsion imfterviews whether their attitudes had
changed 2= it was expected that encounter with the
actuzl process would mmpreve ther athtuds. They
then mdividually took part in a staged =zet of traiming
lezzons usmg the tool The lassons were presented
ons-on-cne but otherwise mm a way similar to the
originz] group (lacture, PowerPoint presentation and
subsaquent practical exercize). Each subjact's
commentz and progress were recorded during themr
performance. The data captured meloded length of
time to complete actions, evidence of enthusiasm for
the tazk and number and typez of errorz made. After
the leszon the subjects were omce agam imterviewsad
about their athtudes towards use of Flash tools. The
recordmgs were transeribed for amalvais. A set of
thematic codes was developed to use m determining
the level of motivation and enpagement with the
activity. The codes reflected the followme posmitove
attitudes:
« [ -Interast

E - Engagement
I - Motivation
C - Confidence
En - Emjovment
A - Affordance
And the following negatives:

+ B -Boredom
L - Lack of Motrvation
Co - Confusion
F - Fear
D - Dafficulty

The franscriptions were then coded to 1dentify
staternents and actions that mdicatad successful and
failed understandmg of the task and enthusia=m for
the process (such as their athitude towards the Flazh
tool). Examples of positive and negative statements
for sach of the codes are given m Takle 3 m Section
34 below. The time tzken to develop a lewvel of
engagement was also recorded as a separate measure
of participant engagement'motivation.

These lezzomz used m the mpilot study are
described in more detail in the next section.

® & & & @

" ¥ 8 @

3.1 Format of the Lessons

In the pilot study each participant worked through
the sequence of lezsons which ammed to start the
development of the teaching/learming aszet. As the
lozzon: progreszed the participants attempted to
produce the assst Their performance was
monitored m order to datermine causes of amy
failure to produce the expected outcome. Thesze

wera than clazsifiad to determme if they were due to
a lack of application of computational thimking. An
example of non-computational thinking was ths
previously dezeribed uze of 2 copyme and pastng
approach rather than understandmg the development
algornithm and following the alzenthm for a new step
in the process. As the stages of the lezson developad
szo did the complexity of the seripting needed to
produce the correct performance.

In the leszom bemg followed an artefact was
developed te ecreate a teachinglearnmg aid for
Elementarvy Level learming in  Literacy and
Mumeracy. Ths lesson conmtent 1= 2 suhset of
foundation level lezzoms m reading and numbar
concepts. The artefact beinz produced was desizned
to meet expectations of early yearz leamers for an
attractrve interface with eolourful illustration and
animations designed to gam attention. In the various
stages tha test subjects were given lessons in
producme  elements for the artefact that wers
snecessively more difficult to produce. The first
step waz to produce 2 simpls menn — zes Figure 1.
Thiz tazk was alzo broken down info stages, zuch as
producmg the tile text, and then addmg =impla
graphic slements, such as the button shapes. The
next stage was producing the acton for the buttons.
The procesz:s of breaking tazks down mto a set of
zimpler stagez i1z a fundamentz] part of CT so in
addrtion o the lsammg of the developmant tool
uszers alzo got the opportunity to ses tha valus of the
CT appreach i solving tazks.

Class Oof 2014

i

(Y Diceracy

Figure 1: Originzl page.

Thiz first stage of the leszon leads the learner
through the process of producing the first sereen to
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the point of producing an action to display the next
screen. So, for example, 2 second screen i= dezigned
to appear when the Literacy button iz pressed. This
will dizplay 2 view as shown in Figure 2 balow.

Fagure 2 Literacy soreen

shown m Fagure
ds 10 an achion.
yonents and
r lcaming
| originalby
added as text.) The ol requires the adding of a
picture and the acton seript reguired 1= hke that of
the origmal button but the appropriate action had to
be added to the latters which thamzelves had first to
be comvarted mto “buttons”. Whila the next stage
can be more or lesz derved from the previous the
level of “sernipting™ required mereazes as the action
now becomes more complex leading to tha need fo
create am znmmmated scens after an intermediate
button press (zaa Figure 3). However, the repeatad
proceszz haz a lot of commonality zo it should be
pozsible for the participant= to begin to understand
the value of generalization {one of the CT skills) and
apply thizs by adding function calls to the Action
Seriptz to allow common code to be rensed. Thiz
would not ke done m early axercizes az the neaded
mstruction for using such functions 1= not glven
early n tha set of tasks. Figure 3 also shows am
additional featurs that 1z taught at thiz pomt. The
graen path shown m the figure iz added asz the
movement route (Tweening m Flazh Acton Senpt
termmology) for the apple to follow durmg the
animation that will be praseribed mn the seript.

Teachers for Teaching Computer Programming

Figure 3: Scene with added animation path.

The next section detailz the resultz that wers
obtained from the plot studv and we then move on
to draw our conclusions and suggestions for the next
stage of this work in the finzl saction.

5 RESULTS

The expenmental subjects were 2]l volmntsers and
were not meentivized to taka part mn the study. They
fall imto two groups. All the szubjects wars
Malav=ians. The subjectz= mecloded a group of
practicing teachsrs and a group of trainee teachers
engaged m pursumg a PGCE qualification. There
wers zignificant diffarences batween the qualifisd
and tramee teachers both before and after the
zezzions and these differences will be explorsd in
future publications.

5.1 Initial Interviews

Az mentionad above a zet of pra mtervisws ware
undariaken m order to allow for comparizon betwreen
the pre and post seszion athtudes to programming
and the use of Flash Action Scripts m particular.
Certain  differencas alse emerged between the
gualified and traines teachers m thiz sezzion. OfF the
sztablizhed teacherz the responzes to guestons
ragarding the likely usefulness of leaming Action
Seripting were negative and all were nervous of the
nead to use a tachmical tool. A typical rezponze was
“I awm not good in using rtechnology especially
programming. I am gfraid of uzing rtechnology
actuallv. I don't like 1o use computers .7

The PGCE students were lesz reficent to take
part. Thay zall falt it would be good to learn to usa
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Action Scnpts 2z 1t would enable them fo use the
tool to make their own  teaching/learning
mstroments. However, they genarally did not fee] 1t
would be eazy to learm as it appearsd to mvolve a
simmilar  precesz  to learmng  more  formal
programming systems hke C++. A fypical gquote
from this proup wasz ‘T want o lewn thic
programming language and I will come our with my
own teaching wmodule zoon!™ There were some
negative attitudes, for example one subject asked
“Why weuld I need to learn Flach or have to dezign
a learning tocl ar all of my lsszon marsrial will be
provided by the school?™

52 Performance in the Practical
Sessions

During the practical sezsions the wvolunteers were
required to produce codss that performed the set of
functions shown m Figures | to 3. Tha parformance
was monrtored and the actions werse recorded using
soresn capture so thev could be anabysed afterorards.
The major problem was the tendsncy to copy and
paste previous example: rather than to anabrse the
problem, understand the components that were
needad and develop the appropriata set of steps to
produce the artefact When they found their actions
had not produced the correct behaviour thev were
zsked to amalyse why this had happened. They weare
taken back to previous stepz and the leszon was
repeated until they ware zble to produce the correct
output. Differant procezses in producmg a good
learnmg  artefact were identified agamst the
Computational Thinking approach. A pood example
1= the idea of abstraction as embodiad in the concept
of a laver. In Flazh Action Serniphng the layer 1z a
basic abstract componsnt that zets non-abstract
components — actoal text, pietures, and zeripts —
attached to 1.  As a result a wuser thmking
computztionally would ba expacted first to engage
with the abstraction — by invoking 2 new laver for a
new acton — then to populate it Thinkmg non-
computationally exhibited itself in various different
ways. One tvpical exampls waz when users wanted
to remove an existing layer. Instead of selecting the
layer and deleting it the wsars who were not thinking
about the abstraction would delste the comtents of
the laver rather than the layver. This would lead to an
error when the code was: compiled and an errer
meszage that was not undarstood by the uzer. Such
error statements alart the teacher with experiance to
the lack of correct thinkmg. The user 1z them
dirscted to the part of the lazson on layer creation.

The PGCE students all zrew in confidenca and
enthusiazm for the process of leammg Flazh Action
Scnpting more guickly than the experienced
teachers, howsver, all participants wers zkle to
fimzh the first task correctly. Enthusiasm for and
motivation to use the tool were mdicated by
comments made by the exparimentzl subjectz. The
traines teachers gensrally were more enthusiastic to
start with and thus wers more motivated to
underztand and correct their mistakes.

The averaga tims to complete the mitial tazk was
35 mmutes. The longest time taken for the process
was one hour and this was from 2 =zubject who had
showm the lowsst motivation for the task as he
intanded to return to admimstration withm a schoal
and not teachme.

53 Post-session Interviews

After the first practical zession the subjects wera all
re-mterviewed. They weare asked questionsz about
their attitude to leaming Flazh Action Scnpting
having now bean axposed fo 1t Questonz centred
on their views regarding the potential uzefulness of
learnming to uze Flazh Achon Senipting, technolozy n
general, their motivation and ability to lsarn Flazh
Action Senphng and their understandmg of the steps
uzed In computational thinking.

Mozt of the expenenced teachers falt an
mmproved atbtude towards the usefulnesz of the
process. The teacher whe mtended to return as an
admmistrator had not improved his attrinde at all
Ona of the others shll did not see that it could be
uzeful to them m therr teachmg or to teachmg m
general. The other five ware enthusiastic about the
poszibilities.  Of the PGCE students all were
comvinead not cnly of the valus of the tool but alzo
of their ability to learn to use 1t

When asked zbout the use of technologv in
general to support ther teachmg the experienced
teachars had generally gamned an improved attitoda.

Mozt of the experienced teachers did not feel
intrinsically motivated to learn programmung but had
found the process of the leszon enjoyable and felt
thay had been succezsful in learninz how to uze the
tool. Eight of the ten tramee teachers expreszed the
1dea that they found the leammz mtrmsically
motivating as they felt they would benefit m their
own carearz. Thase have all moved on to the further
study of the subsequent leszonz and have besn
willing to try to leam further byv themsalvas!

The CT :zkills needad m the tazk to perform i
afficiantly were thoze of Alzonthmic thmlonz and
Abstraction. Eight of the framees exhibited
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Alzonthmic thinking by the end of the first lesson
and zeven had demomstrated use of Abstraction
However, only four of the experisnced teachers had
devaloped this CT approach. For example mn the use
of lavers — linked to the concept of abstraction —
saven of the trainsa teachers and ome of the
experisnced teacher: had understood how fo
properly use layers.

5.4 Thematic Analysis

Az was explained in Bection 4 above the recordings
of the mterviaws durmng the practical =zession were
all transeribed and the transcriptions were then
thematically coded lockmg for different imdicators
explammed m zection 4 ralatmg to posittve and
negative aftitudes. Table 1 below shows themes that
emergad prior to the experiment talkomg place.

Table 1: Frequency of sppearance of code phrazes in nsze
by the Tramee Teachers (TT) and the Experienced
Teachers (ET) before tzking part in the experimant.

Codes T ET Freq. |Total
Frequency
Interest (T) 2 17 30
| Enzazement (E} 2 15 3o
Motivation (M) 27 15 41
Confidence () 3 0 g
Enjoyment (En) 12 11 23
Affordance (A) 2 3 5
Boredom (B) 3 11 14
Lack of MMotivation (4§ 15 21
L
Confosion (Ca) 27 32 50
Fazr (F) 15 12 27
Difficuly (I 32 24 58

As can be zeen from the result: m Table 1 the
trammee teachers demonstrated higher levels of
positive attitudes to the potental value of the
tramung they were about to underzo, when comparad
with the experienced teachers (indicated by a total of
%6 coded positrve statements by the tramee teacher
group and only 61 by the experisncad teachers).
However both groups had negative athtudes m some
of their statements and in particular felt the process
of leamning Flazh Action Scripting would be difficult
(roughly =sgoal mumberz of nagative comments on
difficulty) and that they found what they weare being
azked to do potentially confusing (again with smmilar
numbers of negative comments from both zroups).
MNons of the experienced tesachers exprezsed any
confidence that they would develop the zbality to uze
the tool but eight comments from the tramee
teachers exprezsed such confidence.
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Table 2: Frequancy of appearance of code phrases in use
by the Trainee Teachers (TT} and the Experienced
Teachers (ET) after taking part in the experiment.

Codes TT Frequency ET Freq. Total
I i 19 58
E 9 4 53
M 4 27 2l
C 12 0 41
En 22 19 41
A 12 8 0
E ] 2 2
L ] 1 2
Co 13 10 23
F ] 0 ]
D 7 3 10

Tabla 2 demonztrates the frequency of cods
waords in the post-experiment inferviews and it can
be zeen that both the framee and sxperienced
teacharz had sizmificant mmprovementz 1n their
attitudes towards learming Flash Action Seriptz and
programming technolegy m general. Of parheular
note 1z the fact that no phrazes emphasizing “Faar”™
(T} wers racorded in the post-expeniment responses
by erther zroup though some “Confusion™ (Co) =tll
remained in both zrowps (3 fotzl of 23 =uch
comments roughly egually divided batwreen ths
groups) and there waz still a residual view that the
process was CDifficult” (1) though thiz was much
reducad with a tofal of ten comments exprezzmg
difficulty after the experiment compared to the 3B
difficulty comments made befors the experiment
Ounly one of the participants {the expananced teacher
now moving info administration) used “Boredom”
(B} and “Lack of Motrvation™ (L) phrases — oo
rezponses fittng this daseription for both catepories.
Together with the mersazed number of posiive
comments on motivation (3 total of 81 such
comments after the expermment compared to 42
befors the experiment) thiz indicates that those who
wera expecting to be teachers after their courses all
beliaved the uze of Flash Action Scripting to be
interesting and motrvating. There were few phrases
mantionng “Confidenca™ (C) before the expernment-
B from the trainee teachsrs and none from the
axperienced teachers; after the experiment only ona
of thoze involved (the admmmstrator) failed to
rezpond with any confidence statement. A total of 42
such comments were racorded from the rest of the
subjacts.

The time tzken to bagin to show sizns of
angagpement and snjovment of the uze of Flazh was
generally lower for the frainee teachers than for the
experienced  teachers  but  only one (ths
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admimniztrator) failed to complate the tazk and failed
to bacome enzaged in the process after 2 mmutes.

Examplaz of quotes reflecting the codas used are
listed m the Table ? below. Some of the phrases
quoted show more than one of the coded athiudes.
They were coded az reprezenting both attitudes but
are only shown a: ilustratimg ome. All of the
comments lizted were given by tramee teachers
(respondent TT5 means framee teacher 5} though
similar comments ware made by the experienced
teachers.

Table 3: examples of coded comments given by the
Traines Teachears (TT4 ta TT10).

Code | Quote

"As a first time leamer like me, this software is
I eazy to learn and the instruction is guite
simple.." {respondent TTS)

“ery good! [ think stadents will feel more
E |enthusiastic to learn the sabject if the teaching
instrument nzed iz mteresting” (respandent TT4)

T think it is attractive soffware to learn and teach
alzo. Besides teachers learn how to program, I
think we can teach our stadents to leam how to
program as well.” (Tespondent TT10)

M

“T am loaldns forward to smdying more on this
C |and producimg my own lesson.” (respondemt
TTH)

"I knew that Flash can do interesting tazks like
En |interesting courseware fto gain stodemts’
attention.” (respondent TTH)

“Can you give me 3 few minutes to oy on my
own on this software? I would like to produce a
A |=zmall interactive lessom abowt our lessom just
now. I am just so excited to do animation and
navigation buttons.” (respondent TT4)

It iz too hard for me to start leam the new
B |software and need to stuggle about the technical
terms.." (respondent TTS)

"... there is just 2 waste of time to learn new
L |software, I prefar to zet the teaching tools that
will be provided..." {respondent TTH)

mzke me feel confuse shout technical terms and
interface too.." (respondent TT3)

"1 am afraid I could not produce the module at
F |zl becanza I am not good handling the technical
tazks. " (respondent TTS)

" .sometimes it very hard to  understand
D |especialty the complex syntax.." (respondent

TTT

Our results demonsirate that use of the tool
mereased mterest im Flazh Actien Senpting and
enhanced enthuziasm for programmmeg with reduced
level: of confusion and frustration. The next section
provides szome concluzion: from thiz study and
proposes the next stage of our work.

6 CONCLUSIONS

The nead for elementary school teachars fo engage
with learmmmg #o program  and to  thmk
computationally has been idantifiad. Pressure in the
UK and elzewhsre haz led to the development of
programming as a required part of the curriculum in
both elsmentary and secondary zchools. However,
alementary school teachers are for the most part ill-
agquipped to learn to program themsebres. [t 1= vital
that thev alzo learn to understand the Computational
Thinking {CT) proceszs. However, they find that the
programming lanpuages they encounter are difficult
to leamn and lack the abibitv fo mofivate them to
learn. They are at the same time wary of technology
and this alzo makes thaw nervouns of their potentizl
to learn to program. The current ressarch contends
that learning the use of Flash Action Seripting would
be viewed az more motivating as a first approach to
leaming to program for elementary teachers. Thiz 1=
n agreemant with the findmgs of Lm (2012} which
zees  the mnead fo motivate teachers to becoms
creators of coursewars rather than just comsumers.
Thus the current ressarch amms at preducimg a
softwrare ool for helping teachsrz fo learn to use
Flash Action Scripting. It is acknowledged that
Flash 1z not without = i1zswe: in terms of
compatibality with zome systems and security 1zsues.
Ultimately the ideas expreszsed m this paper could be
appliad to ancther programming enviromment such
az Javalenpt, although thiz 1=n't typically used in 2
visual programming environment. Howsever, Flazh
haz provided am appropriate enviromment for our
study and upon which we could build our idea. In
order to test this 1dea out and to find out how such a
tool might be desigmed a2 pilot study has besn
undertaken. In this stody lessoms have hesn
developad and prazented to subjectz in 2 more or lazs
comventional mamner throuzh ons-on-cne tuition
The purpoze of this was to obzarve the leamers and
ascertam  whers they wars devalopmg “non-
computational” approaches to completing  their
tasks. The pilot study consisted of 2 total of
zeventssn parficipant: conzisting of establizhed
teachers and PGCE students. The attitudes of the
PGCE studentz towards the idea of learning Flazh
Action Scripting were generally more positive than
those of the established teachers. For exampla after
codmg of the imtarviews that took place before use
of the pilot sight commentz expressing motrvation
were found from the traines teachers whila none
wera given by the astzblizshed teachers. Both zroups
were then given ome-cn-one traming in the usze of
Flash Action Seripting. While the trames tsachers
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with their higher level of motrvation were quicker to
learn amd had estabhished good computational
thimking procezzes by the end of the study compared
with the astzblished teachars, the latter group (of
exparisnced teacherz) wera shll penerally found to
have mmproved attitudes after the exercize. In fact
only one of the latter group (one who was mtending
z foture m admmistration rather than actrve
teachmg) failed to overcoms boredom and z lack of
mterest in the seripting process. The results from our
pilot studv indicate that the uze of Flash Action
Zeripting az a means to develop teaching lezzeons
motivated and engaged both axperienced and tramee
teachers to learn fo program and to develop in their
Computational Thinkmng sklls. For example both
groups gave increased numbers of responsas
mdicating motivatton to leam the Flazsh Action
Senpting after the experiment — the tramee teachers
giving 34 pomitive responzes after the study
compared to & before and ths establiched teachers
giving 27 pozitive comments after the study
compared to none before.

In additien valuakle mformation was gaimed
through the expariment into how poor CT skills
mterfere with leamning and how good CT skills can
be murtured. Examplas of thiz were the uze of the
Flazh Action Secript concept of lavers. All uzers had
not encountered thiz idea initially and did net
mitially wnderstand how thiz concept worked. This
mvariably led to errors i performance. A particular
example was given in section 5.2 where the contents
of 2 laver were delatad rather tham the layer itsalf
This lad to a subzequent error statement from the
compiler. This error statement was then used to help
diract the learners back to the lezzon component on
layers. Howsever, in the current pilot only sight of
the zeventeen users were able to completz such a
tazk on their own after a second experience of thiz
tutorial compeonsnt It iz expected that the tocl
devaloped will uze these lezzoms to provida a
trammg tool that will work in a standalone context
and provide encouragement to use CT as well as
teaching tha uze of Flazh Action Seripting. Ermor
statements from the compiler can be parsed to get
mputz to direct the user to the corract part of the
lezzon fo tackle the arror they encounterad.

The next stage of the work is to develop the
automatad zet of leszons m which the performance
of the learners will be meonitored by the zy=tem and
the lazson adapted to their needs as percerved by the
syetem. Thesze leszonz will be bmlt in a learning
mstrument that will take the framees through a set of
stepz to build a teaching/leammeg artafact. Currently
the users are expected to be tramee slementary

Teachers for Teaching Computer Programming

teachers or other teacher framess from non-computer
selence'engmeering backgrounds and, we =urmisa,
therefore likaly to be motivated to leam to produce a
teachingleamming asset for early years' education.
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Computational Thinking - A Tool to Motivate Understanding in
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Abstract:  The need for teachers of Elementary School children to laam to program or rather to imderstand
the Computationzl Thinking behimd programming haz been accelerated m many countries by the
mzndated tezching of programmmg in thiz context. A major problem iz that the majority of =uch
teachers have no comcapt of how to program and nzhwrally are not meotvated to leam
programmming. The need to teach prosramming will motrvate most but to leamn throusgh a tool that
can be seen to have mirmeic value in their role as teachers have a greater potential Thiz paper
describes the design and early mmplsmentation of a tool to use the leamimg of Flash Action
Senphng as a mottvational mechamsm for trames teachars. The mmbmnme value to them 1=
miendad to be the utilization of tha learned Action Scriptmz slalls to produce therr owm teachng
material. Imtial resuliz indicate an enhanced sngazement and motrvation to leam to program and
mmproved confidence in doing so.

Keywords: Computzhional thinkmg, Flazh Action Scripts, Tramee Teachars.

1 Imtroduction

With the mersasing level of use of computers m all aspects of luman hives from the almost mmasible use m
domestic appliances to the now nearly uwhiguitous uze of smart phones n conmmumcation, the need to produce
mors programmers has never besn greater. For the software industry from the smallest start-up to the major
developmeant orzamizations zuch as hMicrosoft and Appls the nead for new staff cutstrips the supply. As a result
the leadmz softare developers have been puthng pressurs on govermments worlduade to come up wath plans te
increase the mumbers of programmers produced by their education svstems. It iz felt that noech of what has
pravicusly bean taught m what iz called Information Conpnuwmecations Technology (ICT) in schools only led to
frustration for thoze who were loolong to develop an understanding of computng. (Crick and Sentence, 20110 In
the UK the pressure for mors teaching of computing has led to 2 mumber of different imtatives. Sfarting with
zacondary schools the teaching of programmimg has now been mandated i UK schools. The zame 1z happemng
i Malaysia; vath an mereazad deszive for more programmers to ba developed there 15 now 2 nead for grazter
levals of understanding of this process among teachers. Howevar, thosa who are atiracted to teaching a= a
carzer seldom come from the group who have a hugh level of computer programnune exposure.  hiamy
(mehiding those we have worked with m our exgperiments and are quotad in later sections of this paper) find the
1dea of learmmg to program “Mghternmz” and thi= does not halp tham to be motivated to leam, evan though they
are awars that they wall be called upon to support tus leaming m their classroom.  For this reason thers have
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bean numbers of initiatrves to enzhle teachsars at all levals to anzaze with leaming how to program themsalias
and thus ba more ready to teach the subject. The generalist nature of teaching in alementary schoclz has alraady
meamt that earlier programmes to promote mathe: and Englizh teaching m elamentary schools has raquired
retraming programmes for teachers m those schools and firther development of subjact specializt teachers in
those schools and school districts (Williams, 2008). In the UK the Computms at Schools mutiative (CAS) has
developed with 2 simmlar zim of enabling the teacking of computmg and especially programming in schools. At
first this attracted secondary schocl teachsrs who were already mwvolved m the teaching of the eusting IT
cowurzes m those schools. Increasingly these efforts are now aimed at elementary teachers and the backeround of
theza teachars requires a different level of leaming.

hiuch of the work done to infroduce programmmg concepts has concentrated on how to develop understandins
of programming m voung children. The Seratch lanzuage has bean uzed succassfilly in thiz area (Franklm et al,
2013) as has the use of Python Pyvthon (Begozso et al 2012, Bopdanchikerr, Zhaparov & Sulivew, 2013). The
former uses a symbolic drag and drop tterface that allows prograneming constructs to be easily put togetherma
vizual way. The focus of the programs produced 1= often on confrollng visual features zuch a= computer spritez
and produecing games from these, Such thimgs tand to be atractrve to children whe hike playmg zames and thus
become motivatad by the idea of producmg their ovm. However, teachars on the whole are less motivated by
thiz and indesd the majonty, like thozs in the experiments we have indertaken, find Iittle motivation to leam to
program from thazs mitiatreas. The concept bahind the rassarch i this papar iz that teachers nasd to be zble to
s2a Intrineic value in learning to program m order to lose their fear of learming the process. We have proposed
that by learmmz Flash Action Serpting through the use of the appropriate tools teachers wall be motivated to
lazm as thay wall see the possibility of bamng able to craate their oun tools to enhance their teachmg of the othar
subjacts they prazent.

2 The role of Computational Thinking in Learning to Teach Programming

hany imvolved In trying to get teachers to be able to teach programmumg have been atiracted to the concept of
Computationzl Thinking (CT). This phrass ha= been made popular by Wing and others (Wing, 2006, 2008,
Grovvar and Paz, 2013) but there zaemes fo ke 3 mumber of potentizl interpretations of what 1t 1= and why it i=
valuable to learm CT skills even for those who don't see themselves as programmers. Dorling (2014) has
identified five aspects of CT that can be seen as potentially valuzble m leaming to program but al=o in tacklmz
other aspacts of daily life. Ha spacifies these az alzoritheme thinlans, decomposition, abstraction, peneralization
and avaluation which relate as follows:

&  Alzonthmue thimkong will relate to the choice of approach taken 1n zobving a problem.

* Decompositon imvolves breaking the problem down into manzageable staps.

*  Abstraction — imvolving the removal of the specific problem =o that the more ganenc problem being
tacklad can be ssan.

*  (reneralizing the sohitions — uzing 1deas solved before for example a= m using sub programs (functions
gte ) In a computer program.
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#  Evaluating — the solutions and the algonthms

Ona queshon which suggssts itself 1= how we wall kmow if someons 15 usmg CT m their solution to a problem?
One mught alzo ask what zort of problems we would uze CT for. Also we could ask, “Does CT mean thmkang
like a programmer or thinking hke a computer?” To what extent wall we expect peopls to apply CT in svery part
of thair lives? If teachers for example were able to sea the use of CT m thar teachmz lives, would that improve
their motivation to leam to program?

It iz uzeful to thmk of places whers we pught axpect that CT iz claarly valuzble. Take the process of anterins
marks from exam seripte into a spreadchest. In general the exam papers will have become disordared as the
markang process took place. However, the spreadshest will want the marks to be addad in a =pecific order. We
could approach thiz problem in 2 purely ad boe way. We pick up the first paper locate tha student T, sean
through the hist of IDs m the spreadsheet and add the markds). If we have very few papers to zrade thiz process
might not take too long. Heowevar, 1if wa have a large mummbar of papers we would probably gmickly conclude
that 1t would be batter to zort the papers first. First of all we are asked to think of thiz az a zorting problem. Thi=
1z the process of abstraction.  Sorting somesthing with momber: on 1t that idanhfy the order 15 2 common problem.
Thinking like a programmer we would then decide on an algorithm to implement the sorting process. We then
nead to evaluate the effectivensss of the available alzorithms for the task at hand. The level of dizorder the
papers are 1n, for exampls, mught mfluence our approach. If most of the papers are ordered we muight choose a
simple alsorthm if they are highly dizerdered we mught go for one like the merge sort. Cnee we have dacidad
to use mergs sort we now proceed to think like 2 computer. We separate the large pils mio zmall piles countmsz
off the number into each pile seguantially. The size we need tha pilez to be would be chozen bazed on the
mumber we feal we can sasily order. We now act 25 2 programmer agam and choosa to stop at (sav) four as we
feel we can now use our human pattem recogmition skalls to zort these — 2 programmer thinking choics net 2
computer tunking choica.

A second examples would be choosms a route home wsing 2 map. It 1= probable that we would be inelined to use
a zatellite navigation system to do tus. What we now should do 1= use the CT concept of evaluation to evaluats
the =olution ziven by the soffware. We are wnlikaly fo gat the map and =tart to plan the process by ferating
through the Dyketra’s alzomthm m our heads or on paper. This would have mvolved us m thinlang liks a
computer and while it is an efficient alzorithm for computsrs to undertakes 1t iz only cne a human would be
tempted to use on very small problems and m soch caszes a brute force solution might end up being more reliable.
Thus 1 this case 1t 15 rezlly the svaloation aspect of CT that 1= ke to ba nsefil.

A mere mmportant concept i the ourrent exampls 1= the idea of using a computer program to produce a teachms
artefact In order to produce more sophisticated animations ueing Flash 1t becomes neceszary touze 2 mumber of
aspacts of CT. Brezking the problem down mto manageakls parfe wall definitely be nzed. Gensralization wall
alzo be valuable as mamny of the tasks we wll want the artefact to undertake will be verv smmlar. As the process
becomes more sophisticatad wa begin fo gat value from actuzl algonthm desipn. Our solution can become mors
afficient a= we look at the actual seripts that are produced and we can start to extend machme produecad codes to
increasa the afficiency of what we produce. Thuos thoush some have suggested that Flash is now coming to the
end of itz lifs we propose that leaming the use of Flash Action Scripting m particular 15 very valuzble for
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teachers. Firet it 1= more mirmeically motivating as the teachers can sae the value to them of leaming to usa tha
zoftware. Secondly a lot of aspects needed m prosrammung are developed and other soffware mterfaces for
producing anmmations and stories work in a verv simular way. Thirdly the teachers can begm to mtsract with a
soripting program that 15 powerful and works with many of the comceptz they will nead to leam to teach.
Additiomally others have peinted out the value of teachers baing able to enzaze with the creation of their oun
teachmz aids (Lin 2012).

3 Training of Teachers in The Use of Educational Technology Using flash Action Script

The mmitial motivation for this research was experience of one of the researchers in teachng at 2 teacher
trammg metitute m halayza. This expenience showed 2 great tendency of learners to adopt approaches fo
lezrming the use of Flash Action Scnpting m one of their classes that did not mvobre Computahionzl Thinkmgz
{CT) but rather using ad hoe solutions to problems bemg faced. Generally the lazsons were preparad m a
traditional way with the staff member giving formal lechres backed up by PowerPomt presentations and love
demonstration m fromt of the class. Leammers ware then grien example tasks to underfzke for themeelves. Cn
the whole mstead of understanding the process students were mehined to &y to copy and paste from the onginal
lezzoms and while this mizht appear to be wsing the principle of “re-use™ without first evaluating the codas they
were copving the result would not be what thev were aimumg at  This leads to fustration mn the users and
fealingz of fear of the whols concept of using a tool. The student teachers wers surveved affer ther raimmg
over their attitudes and it became claar from theza imhial survays that the studants could z2a that leaming to uza
Flash Action Seripting would be intrinsically valuzble fo them It was thus decided to develop a pilot study in
which the possibility of developmg an automated teachmz tool would be tested. It would be neceszary in the
study to identify specifically whera leamers were adopting non CT approaches and how to comect thesa
problems. Cmee these were 1dentified the automatic tool could be demigned to do the same. Thithsation of such
an environment builds upon the views exprazsad by othars of the valus of usmg nstructional vidso i e-learning
{Zhang et al, 2006, Wieling & Hofman 20100

Hammond (2013} mentions the sigmficance of ICT even if engagement 1= not to be taken for grantad and
the affact of the leaming 1= complicated. Others have sought to emphasize the nead to intsgrate tachnology mic
education. For this to be done succeszfully 1t neads to be intesrated into the fraiming of the teachers. The
argumants around this have been surmmarized in (Tondsor et al, 2012).

4 Experimental Method

Far the pilot project two groups were recruted. Though the differance between the groups iz not the major focus
of this paper one group was of sight expenienced tezchers and one of eight tramee teachers. Mo member of
aithar group had previcusly tzken a computmz or enzineering course where they would have been axposad to
trammg m programmng. All of the parficipantz wers from Malayzia. The experienced teachers were all in the
UK studymngz for advanced dagresz m subjects of value to thermn One of these was expactmg to return to an
admumstrative role on completion of = studies. The tramee taachers ware all cn a PGCE course, having
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completed a vanety of first degress. Theyv were expecting to return to work m schools in MMalaysia  The
experiment was subject to the ethics approval process and all participants were mvitad and partook through their
own free choice. All pave permizsion for thair respomzas to be raported bt in zn amemymmized form. They are
therefore queotad in an anonymens form The imtial exparimental proesss mvolved:

¢  Pro-sezzon imterviaws to idewtify attindes and axperience

* A zesziom consizting of 2 sequence of one on one lessons in the use of Flazh Action Scripting and the
Flazh tool

# A parallal set of example exarcizes to be undertaken by the participants

*  Post —zeszion imterviews to identify any changes in perception

In addition to the mterviews the partcipants’ performance dormg the lessons and practice sessions was
recorded.  Activities were transcribed for anzlvsiz and coded  The fequency of the codes found was then
analyzed. The approach uzad iz bazad on Grounded Theory and the analveiz method 1z common in that approach.

Charmaz (2006) depictz grounded theory actrvitles such as coding a= “zrounded theory zurdelmes’. She
indicates that these mndalmes can be uzad in a wide range of studies by rezearchers who all bring with tham
thair own backeround, understandmzs and thecretical framework.

Lina by lne coding i= a category of coding wsed for the current rezearch. Charmar recommends that thers
be at laast two primary phases of codmz m grounded thecry: the prelimunary phasza where data 15 aszeszad by
segment or lina by lins; and the second focused phaze where substantial amounts of datz are ordsred by the most
fraquently ocourring codes (2006).

Tuming a code into a classification ocewrs through analyzing an mtal code and dafining it proparties
(Charmaz, 19907, At this stage the researcher’s interests mav mfluence what questions are azked of the data. For
instancs, as the current researcher haz a focus on motvation to leam programmime questions zpecific to
obtaming mora mformation about participant’s exgpariences with computing or programmmg were asked.

Open codmy, which 1= also denoted to az first-level coding, 15 often expressed using the participants” ovm
words and was an early step in the codmg procazs m this study. Chanmaz disensses codmz and recommends that
the prelinunary line by line codmg that many srounded theornsts enzage in zllows them to remam comected to
the data.

Open coding was first undertaken. Hundreds of line by lme codes were ideatified in the imterview data,
usually using participants’ own words, some which ncludad parficipant comrments such as:

. Mot feeling good enouzh

l Fealing Inferior

. Ztudent engagamant

- Evervthing needs to be creative
. Fealing Scarad

. Fealing demotrvated
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. Dnfficult to leam

. Too techmical

. I am social art students

. Why I should leam programming
. Wioduls prepared by school

. Time conzumnms

. Low zelf-confidence

The formal codes reflacted the following positrre athtudes:

* |- Inferest

* F - Engagamant
= M- Motmation

* - Confidence

*  En-Enjovment

* A - Affordance

And the followmz negatives:

* B - Boredom

# L .Lack of Motivation

(o - Confusion

* F.-Faar

* D - Difficulty

Theza codas were therafore applied to the tranzcriptions. Examplss of the open coding are mcluded m table
3 m Section 3.4 below. The time taksn to develop a level of engagement wasz also recorded a= a zeparate
mzazure of participant enzasement medvation.

The lessons usad in the pilot study are brieflyv described the next section.

5. Pilot Lessons

The 1dea of the pilot lezzons was to 1dentify whers CT thmking was bemg applied or not baing appliad
by the participants. The aim of this was to identify how to develop an automatic tool that itsalf could idanbfir
faihng in thimkang and therefors gumde the participants in the leamning process m order to encourage them to use
computational thinking. The content and approach of the pilot lezsons was modelled on the approach bamg
used In traming teachers in the use of Flazh Action Scriptmg m Malayzia. The leszon first mireduced the tazk
that waz to be mmdertaken and then led the participants through the process of developing the exampls of a
teachimg artefact for early vears learming. Some of the teachers were not teaching in primary school zo there
was the pozsibility that thiz lazzomn would not motivate thean, Similarly not zll of the tramee teachers would end
up as primary school teachers. It 1= poszible therefore that better results would be obtained with a2 ranze of

© Springer International Publishing Switzerland 2016
S. Zvacek et al. (Eds.): CSEDU 2015, CCIS 583, pp. 348-3064, 2016.
DOI: 10.1007/978-3-319-29585-5_20

219



axample lessons but thiz was not practical for the experiment. The details of the leszon have bean zpecified
aleawhere (2zan, Blanchfield and Hopkims 2015). The purpose of the lesson was to show how the Action
Scnptmg language could be used to produce an artefact that nught be s2en a3 valuable to the teaching of the
participants i firtore. The lesson prvolved a sequance of stages of mereasing complaxity so that computational
thinlang id=as could be miroduced steadily. The first process was to get the partcipants to understand the
working of the interface itself and then how each component is usad. To do this the preduction of a simpls
mem zystem formed the first part of the leszon. An exampls of how to gat the first menu button to work was
ziven and 1n the subsequent ewereizaz the parbcmpant: were reguired to add other buttons to the artafact bamg
developed and to 2dd appropriate action respomsss. At each stage wrong thinking by the parficipants was
1dentified and comrected and correct thinking was identified and encowraged. The proces:z of the lezson mvalved
a lot of intaraction with the rezearcher acting as tutor and the content of thiz mteraction was vital to the desigm of
the autcomatic tocl that has subsequently been developed. Examples of the sereens produced by the arfefact
being developad are given in the following figures.

The next zzction details the results that wers obtamed from the pilot study and we then move on to miroducs
how the resultant automated toel has been developed and testing of it begun.

£.1 Imitial Interviews.

A= mentionad above a set of pre interviews were underfzken in order to allow for comparizon betwesn the pre
and post seszion aftitudes to programmms and the usa of Flazh Action Seripts m particular. Certain diffarences
also emerged between the gqualifisd and traines teachars in this session. Of the astabliched teachers the rasponsas
to gquestions regarding the lkely usefilneszz of leamung Action Scripting were negative and all wers nervous of
the need to use a techmical fool A typical respomzs was “T owm nor good in wsing technology especially
programmung. I am givaid of wing technology actually. I dom’t like to use computers |..°

The PGCE (tramee) stodents were lass reticent to take part. They all felt it would be zood to learm to use
Action Senpfs az it would enable them to uze the tool to make their ocwm teachingleaming metruments.
Hewever, they generally did not faal it would be sasy to learn as 1t appeared to mvolve 2 simlar process to
learminz more formal programmms systems liks 4+ A typical quote from this group was “1 want to learm thiz
programming lompuage and T will come owr with wy own tsaching module zoon!™ There wera zome negative
attitudes, for example one subjact asked “Why would I need to leamn Flazh or have fo design a lemning teol as
all qf wpy lazsen material will be provided by the schoal?™

£.2 Performance in The Practical Sezsions

Dhming the practical zeszions the volurtesrs were required to produce code that performed the zet of
fimetions shown m Figures 1 to 3. The performance was monitorad and the zetions were recorded uzing seraen
capture so they could be analysed afterwards. The major problem was the tendency to copy and paste previous
axamples rather than to amalyse the problem, understand the components that were needed and develop the
appropriate set of steps to produce the artefact. When they found ther actions had not produced the corract
behaviour thay ware asked to analyse why this had happened. They were taken back to previous steps and the
lezzom was repeatad umtil they were able to producs the correct output. Differant proceszas in producing a good
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learming artefact were identified agamst the Computational Thinking appreach. A zood exampls 1= the 1dsa of
abstraction as embodiad m the concept of 2 layar.

Class Of 201¢

|
Mj} ¥ Nuneracy |
B ¥ Lceracy |

Fig.l. Literacy screen
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Fig.d. Scens with added ammation path

In Flash Action Scripting the layer 1z a basic zbstract component that zets non abstract components —
actuzl text, pichraz, and sonpts — attached fo 1. As 2 result 2 wser thinking computationally would be expectad
first to engzage with the abstrachon — by mvolang 2 new lzver for a new action — then to populate 1. Thinkmsz
non-computationally exhibited fzalf in various different wavs., Omne typical exampls was when users wanted fo
remoive zn extsting laver. Instead of selactimg the laver and deleting it the users whe were not thinkmg about the
abstraction would delete the contents of the layer rather than the layer. Thi=z would lead to an error whan the
code was compiled and an arror message that was not inderstood by the ussr. Such emor statements alert the
teacher with expenience to the lack of comrect thimkang. The user 15 then directed to the part of the lesson on

layer creation.

The PGCE students zll grew in confidence and enthusiazm for the process of leamung Flazh Action
Senptmg more quickly than the experienced teachers, however, 2ll parficipants wera able to finizh the first task
correctly. Enthusiasm for and motivation to use the tool were indicated by commeants made by the experimantal
subjects. The trames teachers gemerally were more enthwsiastic to start with and thus were more meotivated to
undarstand and correct thair mistakes.

The average time to complets the imtial tazk was 33 mimites. The longest time taken for the process was
one hour and this was from a subject who had zhowm the lowest motivation for the task as he mtended to retum
to admamistration within a school and not teaching.

£.3 Pozt-Sezzion Interviews

After the first practical seszion the subjects were zll re-mterviewed. Thev were asked questions about their
attitude to lsarmmg Flash Action Scriptimg having now been exposed to 1t Questions cenfred on their views
regarding the potential usefulnesz of learmng to wse Flazsh Achon Scniphng, techmelogy m general, ther
motrvation and ability to learm Flash Action Seripting and their imderstanding of the steps usad in computational
thinking.

Mlost of the expenenced teachers felt an improved attinde towards the usefulness of the process. The
teacher who mtended to return as an adoumstrator had not improved his attitude at all. One of the others stll did
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not sea that 1t could be useful to them in their teachmsz or to teaching 1n general. The other five were anthusiastic
about the possibilities. Of the PGCE student= all were comvmeed not only of the value of the tool but also of
their abihity to learn to wse it

When azked about the usa of tachnology in general to suppart their tezching the exparienced teachers had
generally gained an improved attrtuds.

biost of the experienced teachers did not feel intrinsically motrvated to learm programmming but had found
the process of the leszon emjorvable and falt thew had been snccessful in learmng how to use the tool. Eight of the
tan tramee teachers expressed the idea that they found the lezrming intrinsically motivating as they felt they
would benefit m their cwn caresrs. These have all moved on to the firther study of the subsequant lessons and
have baen willing to try to leam firther by thamsaleas!

Tha CT =kalls needed m the task to perform it efficiently were thoze of Alponthmue thimkong and
Abstraction.  Eight of the traimess exhubited Alporthoc thinking by the end of the first lesson and seven had
demonstrated use of Abstraction However, only four of the experienced teachers had developed this CT
approach. For exampla i the use of layers — Imked to the concept of zbstraction — zaven of the tramee teachers
and one of the experianced teachars had imdsrstood how to proparly use layers.

£.4 Thematic Analyziz

Az was explained ;m Section 4 zbove, the recordmgs of the mterviews during the practical session were all
transeribed and the tramzenptions were then thematically coded lookmz for different indicators, az explamed in
saction 4, relatmz to positrve and negative athtudes. Table 1 below shows themes that emerged prier to the
experiment taking place.
Tablel. Frequeney of appearance of code phrasss m usa by the Tramee Teachars (TT) and the Expariencad
Teachers (ET) before tzking part in the experiment.

Codes T ET Freq. | Tutal
Frequency
Tnvterast (I} R 7 B
Enzzzement () 4 13 £
Tlotvanion () e 3 )
Confidence (0] ] ] 5
i ryment (Ex) 12 11 pE]
Affordance () 3 3 g
Eoredom (B) 3 11 14
Lack of Motivation | § 13 Fi]
w®
Comfu=ior (L0) P ER) ]
Fear (F) 15 12 7
Difficalty (D) 32 6 ]
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Az can be seen from the resultz m Tabla 1 the tramee teachers demonstrated higher levels of posifive
attitudes to the potential valne of the trainmg they were about fo undarge. when compared with the expariencad
teachers (indicatad by a total of 26 coded positive statements by the tramee teacher group and onlv 61 by the
axperienced teachers). However both groups had negative attitndes in some of their statements and m partionlar
felt the process of leamung Flash Achon Senptng would be diffieult (Toughly equzl mumbers of nagativa
commments on difficulty) and that they found what they wers being asked to do potentially confiing (azam with
simular mumbers of negative comments from both groups). None of the expenenced teachers expressed amy
confidenca that they would develop the ability fo uze tha tool but eight commments from the fraines tezchers
axprazzed such confidenca.

Tahble 1. Fraquency of appearance of cods phrases in use by the Trainee Teachers (TT) and the Fxpanencad
Taachers (ET) after taking part m the axperimant.

Codes TT Fregquency | ET Freq. Total
I 34 19 38
E 24 4 33
M 54 7 81
[ 12 0 47
En 12 19 41
A 12 [ 0
E 2 2
L 2 2
Ca 13 10 23
F 0 ] ]
] 3 10

Table 2 demenstrates tha fraquency of code words in the post-expeniment intervisws and it can be seen
that both the tramee and expenienced teachers had sigmificant improvementz m thetr atittodes towards leaming
Flash Action Sernpte and programming techmology m general. Of particular note 15 the faet that no phrazes
amphasismz “Fear” (F) were racorded m the post-expenment respomzss by either group though some
“Confusion”™ {Co) still remamed m both groups (2 total of 23 such comments roughly aqually divided batweesn
the groups) and there was ztll 2 residual view that the proces: wasz “Dhifficult” (D) though thiz was mmch
reduced with a tofal of ten comments axprazzing difficulty after the exparment compared to the 38 difficulty
comments made before the expermment.  Only one of the participants (the expenenced teacher now moving mio
adminisiration) uwsed “Boredom™ (B) and “Lack of MMotrvation™ (L) phrasss — two respomses fittng this
description for both categories. Together with the ncreasad mumber of positive comments on motrvation (2 total
of Bl such comments after the exparmment compared to 42 bafora the axpenimant) this mdicates that those who
were expecting to be teachers after their courses all balieved the use of Flash Action Seripting to ba inferasting
and motrvating. Thera were few phrasss mentionimg “Confidenca™ (C) before the experiment- § from the trames
tazchers and mome fom the exporiencad teachers; affer the ewperpment culy ome of those imvolved (tha
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admimstrater) failled to respond with amyv confidance statement A totzl of 42 such comments wera recorded
fromm the rest of the subjects.

The time taken to begin to show :izns of engagement and enjoyment of the uzs of Flash was generally
lowar for the tramse teachers than for the expenienced teachers but only ons (the admmmistrator) failed to
complete the task and failed to become anzazed n the process after 20 pumites.

Examples of quotes reflacting the codes used are listed m Tabla 3 below. Soms of the phrases quoted
show mora than one of the coded athitudas. Thev wers coded az representing both the fraines and expenenced
tezachers’ attitudes but are only shown as illustrating one. All of the comments listed were given by traines
taachers (respondent TT3 means fraines teacher 3) thoush smmilar conmments were made by the expenenced
teachers.

Table 3, Example: of coded conmnents given by the Tramse Teachers (TT 4 to TT 100

Code | Quote
I “Az 3 first time learner like me, this software is

easy to leam and the meuction is quite

simple..." {respondent TTS)

E “Very zood! I think students will feal mare
enthusiastic to learn the subject if the teaching
ingtnument used is mteresting” {respondent TT4)
M “T think it = attractive soffware to learn and teach
alza. Besides teachers leam how to program, I
think we can teach our students to leam how to
proeram az well. " (respondent TT10)

[ “T am looking forward to sdying more on this

and prodocng my own lesson." (respondent
TTS)
En "I kmew that Flazsh can do interesting tasks like

interesting  courzeware t0  gEin siwdents
attemtion ” (rezpondeant TTE)

A “Can you give me a few mimites to Ty on my
omn on thiz sofware? I would liks to produce 2
zmall mteractive lesson ahout oor lasson just
now. I am just so excited to do animstion and
navigation buttons." (respondent TT4)

E It iz too hard for me to start leam the new
software and need to stmagele about the technical
terms.. " (respondant TTS)

L ".. there is just a waste of time to leam new
software, 1 prefer to get the teaching tools that
will be provided..." (respandent TTS)

[ make me feel confose shout technical tenme amd
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interface too..." (respondent TTS)

F "I arn afraid I could not prodoce the modole at
all becauza I am not good handling the technical
tazkz " (respondant TTH)

D " _cometimes it wery heavd to uonderstand
espacially the complex syntax " (respondent
7

Ohur results demonstrated that use of the tool would mersasze miersst in Flash Action Scripting and enhancs
anthusizem for programwmmyz with reduced lavals of confusion and frustration. The next stap haz bean tha
developmeant of the tool bazed on the findings and zppreach taken in the prelimmary axperiment.

6 Development of The Tool

The tool itself has been developed using Flazh Action Scripting. By analvsing the results of the experiment
above 1t was possible to idantifv points at which the participantz made errors. The tool 15 desizned around the
lezzon that was providad m the ona-on-one traimng. This has been split into phasas soch as:

. Introducmz the tool

. Identifying the fanction of the basic slaments

. Lezdng the leamesr through some phased axercizes

. Cruerying the user on their performance

. Uzmg the dzta from the first expariment to identify if any mistakes have been mada
. Lazding learners through corrective lessons bazed on their performance

. Eepeating previous stages with increasad complesaty

Tha tocl also tres to 1dentify aspects of the traming m relation to bazmie computational thinkmz components. For
axample:

. Decompeation mvolved m breabong the problem dowm (Dorhng 2012), wenally m a forwand
direction, idenhifying major tasks that move the solution to the objective.

. Staged worked examples winch are mmplemented by grving students partally complsted cods and
azkinz them to complete 1t correctly. Thiz 1z done m the development enviromment to provide
faedback.

. Encouraging the learners to write pseudocode to solve a problem 1= 3 computational thimkang =kall;
tranzlating that prevdocode into Action Seript 1= 2 programmmg =kill.

Example= of screen shots from the tool are given below:
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Action Baripl - Goding Ie

Fig.5. Lookang at producing setipts nsimg gensralization through swateh cazes

Tha nent section providas some earhy rezults from testing the automated tool.

7 Imitial Testing of The Antomated Learning Tool

A sinmlar set of parbicrpants was recraited for the mitizl testing of the tool. Eight traines tezchers wers chozan,
Each of these had a similar background to the first group. Pre-irnial mterviews were ones more indertaken and

sirmlar responzes to the thought of learmng to program and to Action Scripting were again found. One 13sue was
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that the tool was designed to be uzad by the participants in their oom time 2= wall as while bemz obsarved by a
researcher. Thiz produced an mterestimg response from one of the new participants:

... I think this 1z an interesting prosramming language to be learmed with the proper guidance from the tutor or
imstreetor. .

A second participant responded:
“What if [ face the problems over the weakand™

This axchange showed their faar, parhaps, of the automated teaching tocl. However, these fears provad
unfonded and having had a praliminary ohserved wse of the tocl; the participants all found it sasy fo usa.
Comments by the zame two participants after uss of the tool included:

“... ] can now do v ovm prograremaimg without amy: helps ™
“This 1 really a great tool! [ can work with it amiime, anywhers. ™
The most encouraging feedback was receivad from ona of the participants:

“This 15 hke onlme marmal and at the szme time modols that really zive a big impact for me 2z 2 trainee tazcher,
to develop my ovn teaching module soon!™

And finallv from the participant who exprazzad faar of workmg at home on their ovm:
“Can I gat a copy of this tool ™

Further more formal analveiz of tha results has vet to be complated bt these mutial responses mdicate that the
tool will be at least as effectrve as one on one lessons.

7. Conclusions

In the introduction we highliphted that the need for more programmmers 1= now wrgent.  2oftwars companies and
govarmmentz around the world have become cominead that a change i the way teclneology 15 tanght m schools
iz neaded. It is falt vital that children bagin to leam to program and mors impoertantly think like programmers.
The concept of Computational Thinking (CT) has recently developed and the role that thiz plays in developing
the correct thinking to be 2 programmer 1= clear. In the imroduction we also highlizhtad the need there will be
to train elamentary school teachers to be zble to teach programmuing. It is not expacted that thess teachers will
themselves become proprammers. Also as was explamed in the miroduction ways of getting them to leam to
program that are effective with chaldren will not be affective with them zz on the whole they will be less
attracted to the 1dea of bemg able to develop their cwn simple games. Through cur experiments we have shoam
that teachers who are not imtally sacure with the 1dez of leaming to program can be motivated to leam by uang
a tool that they can see has ntrinaic valos to them. The tool we have begun fo develop 1= based around teaching
the uzes of the Flazh animation tool: and the production of Flash Action Serpte. Our experimeants with traimee
and expenienced teachers have idanhfied that ths 1= frue and those who ware iwelved in owr pilet study of cne-
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on-ome lessons increazed both in their confidence to use the toel and their CT slalle. It 1= thus beheved that
having wmdergone such trammg they will be less apprehensrva of the maternial they have to deliver fo the
children they teach Uzing the resubtz of the observations of the participants during their leaming 1t haz baen
poszible to begm to produce an automsated tool that guidas leamers through the process. In the pilot stody we
identified wavs m which wrong thinking or non-CT werz hindening the leaming of the use of Flash Action
Scnpting.  In the automated tool ways of identifymg why wrong actions have been undertaken have bean
introduced. Eepeating lessons about the specific subjacts of need or grving special mnstruction whan a cansze of
wrong thinking has besn 1dentifiad has allowed the unsupervized learming to continue uzing the tool. An mufial
axperiment with the tool has showm it to be effective in teaching the use of Flazh Action Senpt, mproving
lazmmer confidance 1n ther ablity fo u=a tachnology and mprovmg therr Computation Thinkmz. The toel wall
now be refined 2= a rasult of the testing and further improvements are expectad.
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UNITED KINGDOM - CHINA - MALAYSIA

ERNI MARLINA SAARI (PhD. Candidate)

School of Computer Science, Jubilee Campus.UK

PILOT STUDY TASK

Name:

School/Faculty:

Programme:

1. Please produce a task as shown in the following figures.

r 4

THANK YOU
back
A for Apple
Figure 1 Figure 2

2. You should draw an image of apple and text as above for the first scene.

3. You are encourage to produce the second scene with the text "THANK YOU' and a 'back'

button.

4. Please complete a task within 60 minutes. Thank you.
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OPEN-ENDED QUESTIONS (PRE TEST)

Study 1

Please answer the questions provided. Your cooperation is highly appreciated. Thank you.

Name:

School/Faculty:

Programme:

1)

2)

3)

4)
5)
6)

7)

Do you think studying computer programming such as Flash action script is crucial
for trainee teachers?

Do you think you have acquired enough computer knowledge and skills?

Do you think you would like to gain more computer knowledge and fundamental
programming skill such like flash action script?

Is it necessarily ICT subjects being taught in Educational system in more details?
Do you have any experience(s) using Flash Action Script? What is your comment?
What subjects do you think suitable that can be designed using flash action script?

Why teachers might need to have knowledge in flash programming?
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8) How does the multimedia tool can facilitate learning?

9) Do you think teachers can design their own lesson plan using Flash?

10) What other features do you suggest that teachers will obtain by learning flash action

script?

Choose any 5 from the lists that give motivation to learn the Flash Action script.

o

Because you think it will be easy

Because you have been told you have to do it

To learn how to program

Because you wish to become a professional programmer

Because you would like to write programs for your own use

Because an understanding of programming will help in your future career
To understand more about programs and programming

To improve your general ability to solve problems

To learn general study and transferable skills.

To get the module credits

THANK YOU VERY MUCH FOR THE KIND SUPPORT ©
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10.

11.

APPENDIX I

w TheUniyersitgof
A | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

OPEN-ENDED QUESTIONS (POST TEST)

STUDY 1 PhD: TOOLBOX FOR ADOPTING COMPUTATIONAL THINKING THROUGH
LEARNING FLASH

Duration : 60 minutes
Venue: UPSI Malaysia (Pentagon Lab)

Class: MMD3023 2013/2014

Have you heard about Flash Action Script before?

How about the impact for the students?

Can you explain about the usefulness of Flash?

What can you describe the good think about Flash?

What do you think about today’s lesson?

Can you share with me the experience using the software just now?

Do you feel convenient now in using Flash Action Script?

How Flash Action Script programming can help students?

How about the benefits for teachers?

As non-computing background user, what do you think about Flash Action Script? Do
you think flash is easy to learn?

What do you think if teachers are highly encourage to learn programming?
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12.

13.

14.

15.

16.

17.

Do you think teachers could become a creative designer if they expose themselves in
producing their own teaching module? Need more comments /examples?

How do you organize your folders on your study table? How about in your laptop or
desktop? Can you see the relationship of the questions with the function of layers in
flash action script?

Do you think Flash Action Script can be used as one of the software in this class? Why?

If you are a teacher, how do you think about managing classes’ modules? For particular
semester?

Even though you are still new with Flash Action Script, do you think this helps you a lot in
terms of getting the basic skill of programming before you learn other advance

programming language?

Can you conclude about the easiness of learning to program using flash Action script?
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OPEN-ENDED QUESTIONS (PRE TEST)

STUDY 2 PhD: TOOLBOX FOR ADOPTING COMPUTATIONAL THINKING THROUGH
LEARNING FLASH

Duration : 60 minutes

Venue: University of Nottingham, Computer Lab

You have learned about Flash Action Script before right?

What do you think of Flash Action Script?

Do you know other programming language besides Flash? What it is?

Do you think learning programming is important nowadays and why?

How does Flash can help students or teachers?

Why Flash should be learned by students and teacher or maybe everyone?

Do you feel convenient now in Flash Action Script?

Are you excited in learning programming? Is it because Flash Action Script ? Please

explain.
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OPEN-ENDED QUESTIONS (POST TEST)

STUDY 2 PhD: TOOLBOX FOR ADOPTING COMPUTATIONAL THINKING THROUGH

1)
2)
3)
4)
5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

LEARNING FLASH

Duration : 60 minutes  Venue: University of Nottingham, Computer Lab

What do you think about today’s lesson?

Do you feel confident now using Flash Action Script?

Can your share your experience using the software just now?

What do you think Flash Action Script can help students?

How about the benefits to teachers?

As non-computing background user, what do you think about Flash Action Script? Do you think flash is
easy to learn?

What do you think if teachers are highly encourage to learn programming?

Can you give some comments about current computing or programming subjects you have learn so
far?

Do you think teachers have possibility to become a creative designer if they expose themselves in
producing their own teaching module? Need more comments /examples?

How do you organize your folders on your study table? How about in your laptop or desktop? Can you
see the relationship of the questions with the function of LAYERS in flash action script?

Do you manage to create your own navigation button just now confidently?

Why and how do you think you able to produce the extra buttons as requested?

If you are a teacher of few subjects, how do you think about managing classes’ modules/details?

Do you think that by creating the teaching module, actually you can combine everything in one tool

and accessible anytime/anywhere?
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15) Even though you have designed or created one module, do you think you can apply the same
concepts to other subjects too?

16) How about the easiness of learning to program using flash action script?
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INTERVIEW QUESTIONS (PILOT - STUDY 3 QUESTIONS)

Phd Title: TOOLBOX FOR ADOPTING COMPUTATIONAL THINKING THROUGH LEARNING
FLASH

Duration : 30 minutes

Venue: University of Nottingham, Computer Lab

Did you have any experience learning any programming or computing subject?

Have you heard about Flash Action Scripts before?

What do you think about Flash Action Script and other programming language? Please
explain.

Do you think by learning programming such as Flash Action Scripts could be beneficial?
Why?

How Flash Action Script programming can help students?

How about the benefits for teachers and students?

As non-computing background user, do you think Flash Action Script is easy to learn?
Why do you think teachers should learn programming?

Give any examples of programming language that you know?

10. Could you list to me any methods that can help students or users to learn programming

besides this teaching tool?

THANK YOU VERY MUCH FOR THE KIND SUPPORT ©
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EVALUATION WITH SUBJECT MATTER EXPERT

Phd Title: TOOLBOX FOR ADOPTING COMPUTATIONAL THINKING THROUGH LEARNING
FLASH

Duration : 30 minutes

Venue: University of Nottingham, Computer Lab

Name

Gender:

School/Faculty:

Please indicate the extent to which you agree with each of the following statements about

the heuristics that you used in this study by using the scale below:

1.

2.

Could you have a look on the usability of this tool ?Please give some comments.
Please indicate any weakness of the main interface design?

How about the colour used of the whole design?

How about the interactivity section? Is it suitable to be used?

Please indicate any wrong doings on each scenes.

Does user know every steps he or she should do on any sections?

Does the tool helps user in understanding the functions of the scripts? Please
comments.

Does the tool really motivate user to learn how to program? Please discuss.
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9. Does the tool improve the perceptions of some people about the difficulties in learning
programming?

10. Could you briefly explain about the tool?
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POST- QUESTIONNAIRES (STUDY 3)
Phd Title: TOOLBOX FOR ADOPTING COMPUTATIONAL THINKING THROUGH LEARNING
FLASH

Duration : 30 minutes
Venue: University of Nottingham, Computer Lab

Please answer the questions provided. Your cooperation is highly appreciated. Thank you.

Name

Gender:

School/Faculty:

Date:

Please answer the questions.

1) Do you feel confident now about learning a programming and Why?

2) Could you share your experience using the tool now compare to the conventional
approach used before?

3) What is your opinion about level of motivation in learning how to program so far?

Compare with previous experience learning the subject.
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4) As non-computing background user, what do you think about learning Flash Action
Script now? You may describe your answer from different perspectives such as
academic, psychology or others.

5) Do you feel that you can become a developer or creative designer in terms of

creating your own teaching module after learn this lesson?

a. Why?
b. How?

6) If you encounter with any difficulties in any parts of the lesson, how you counter
with the condition? For instance when you get puzzled (stuck) to certain task? (Hint:
stop it or use the tool to solve the problem)

7) If you are to be asked to create more than one scene with interesting interactivity
activities in the module using the tool as the guideline, do you think that you can
work on it by yourself now?

8) Do you consider that learning to program, not only using Flash Action Script will
increase your logical thinking skill? How (you can relate Flash and Anime software
that you had used before)?

9) What is the most challenging part in learning or teaching programming?

10) What is the easiest to learn programming?

11) How would you describe the process of learning to program to someone who
doesn’t program?
12) What do you think the benefit of learning programming?

13) To sum up, what do you hope to accomplish when going to Malaysia?
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This section will view on the techniques used in teaching and learning process through the

concept given.

If you have experience in teaching, it would be highly appreciated if you can fill this section

as well. Thank you.

1)

2)

3)

4)

5)

As a teacher, what do you think about writing a set of rules to achieve a desired
effect as an important thing that should be considered first in your class?

How do you think that creating set of rules can give a good, though not always be
the best solutions. Fox example in teaching Mathematics for primary students, how
will be the approach you think the best for them?

From your experience in teaching or If you are a trainee-teacher, did you or will you
practise the scenario as stated below in class?
Breaking down things (whether objects, problem, processes, solution,

systems or  abstractions) into component or basic parts that make them easier to

work with.

How do you think this approach will help your students?

In teaching, is it necessary to reduce complexity by removing unnecessary details?
How do you think this will help both parties (teacher and student)?

What is easiest thing to learn programming? Is there an easy concept to learn if the
users join the course (1-2 months) with no programming experience?

6) What is the difficult section in learning about programming?
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7)

8)

Do you view programming as the difficult subject to be learnt today? Why?

Do you think that computer science — flash action script programming (to be specific
such like SWITCH CASE function) influenced by logical thinking? Could you please
discuss more about this?

THANK YOU FOR YOUR COOPERATION
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Flash Action Script
Part|

part 1: Introduction

AT T
7~ Coding is ™

Figure 1: Main Screen

B Rdcbe Fizsh Player LT o=

File

View Control Help

Action Script - Coding for Switch Case

In this easy lesson you will learn to use the switchcase
ActionScript conditional logic.

You'll learn:
@ How to pass a variable to a function
@ How to make Flash display textin a text field

@ What are the best practices when placing ActionScript
code into your movie

@ How to choose good Instance names and more.

@ The simple example below shows the switchicase
conditional statement at work

Example:

stop();
function write(ColorActivity: String):Void

Figure 3: Scripts on Switch-Case Statement

APPENDIX IX

Prototype Design

A Rdcbe Fiach Piayer

Fie Control _Help

Lets Click On The Shapes..

Figure 2: Switch Case Screen (After "Coding

is FUN!" button is clicked

Adobe Flash Player 11 T o (- e o

File

View Control Help

Is this how your software look like?

Click onthy

ar o procesd with the next sections.

Figure 4: Interface Screen
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Adobe Flash Player 11
File View Control Help

Example: Literacy for Kids

a for Q |e
Lo

| E )

Figure 5: Lesson Task Screen

Adobe Flash Player 11

(e o

File View Control Help

Ctrl Z = Undo the task
Ctrl G = Group
Ctrl Enter = Test movie

F8 = Convert to symbol/button

Copy & Paste Button BUT change the function:

rapartes | =
g
e Bulon 1=

[Ty

= cotoncrrect

Sk [ Lo I

[erepr——

in order o remain the function of
the existing button,

you have to SWAP the button and
duplicate the symbol first,

Finally edit the scripts!

Figure 6: Hints Screen
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Improved version of screens after prototype had been evaluated

Adobe Flash Player 10 [E=REEN X

File View Control Help

Flash Action Script
Part | I

part 1: Introduction

'Ready to START' button

(LET's PLAY)

Figure 5: Main Screen

The screen had be suggested to include a brief explanation on the function of learning this

tool. Four additional buttons were added as above.

Adobe Flash Player 10 = | B | et

File View Control Help

Is this what your software looks like?
and on the coloured bars to proceed with those sections.

Figure 6: Interface screen

Interface Screen was asked to add few instructions so that user should not supposed to

think how and where they should start with. Some important instructions added here.
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Adobe Flash Player 10 SRR X

File View Control Help

TASK 1: Literacy for Kids

a - apple
=°PP

("‘
(]

You can start to develop your lesson by clicking on the following texts.
o Create a new file

9 Create a text

e Draw a graphic

o Import a graphic

6 Add button for navigation

0 Switch Case statement

either one

Figure 7: Lesson Task screen was advised to improve in terms of steps by steps instruction to
do the task so that it motivates user to work for it. Previously, the screen did not show the

steps thus, user will confuse on the screen design.

Adobe Flash Player 10 .E =l ﬂe

File View Control Help

Action Script - Coding for Switch Case

In this easy lesson you will learn to use the switch/case
ActionScript conditional logic.

You'll learn:

@ Howto pass a variable to a function
@ How to make Flash display text in a text field

@ What are the best practices when placing ActionScript
code into your movie

® How to choose good Instance names and more.

@ The simple example below shows the switch/case
conditional statement at work

You may write the following codes on the first layer in the
ACTION SCRIPT column as a declaration of the scripting.

After you add each action on the buttons (coloured shapes),
Steps to develop a task using Switch Case statement:

o Add a NEW scene and name it as S

9 Draw THREE different shapes.

Figure 8: Switch case statement screen was designed inaccurate way for user. Novice user

will not understand the complexity of coding if the instructions were not clearly defined.
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Adobe Flash Player 10 A e |

File View Control Help

Action Script - Coding for Switch Case

Draw a rectangle, round and pentagon shape ST
from the tool bar Rectangle tool. 3 2wl Tow f0h

[ =mctane s FrmitveTac (7]
Click on the small triangle black at the end of the & 2 Dvsl Fnmibve 15¢ (30
right corner of the Rectagle tool to look at more shapes available. RS E i

You can change the stroke and the fill colour [&4
at the properties window.

—
[t

St
Minimize the PROPERTIES window.

EFEEEEE

scTAHaLE aPTIOHS
(s
T

SWITCH CASE STATEMENT

CIEERET B

G Draw THREE different shapes.

gd Adobe Flash Player 10

File View Control Help

SWITCH CASE lesson tutorial

1 TaascTon

‘ [Frr —
|
i

Dimamic Text

aSTION + SEatc lext
Inp

"

Draw a box using a tool and change the text
properties into Dynamic text and name it

File F In®  Morty

Ima

and add the function that you
have from the previous screen, Name a layer as SWITCH,

Figure 10: Additional instruction on Switch Case statements added.
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Adcbe Flash Player 10 T | o = o S

File View Control Help

Toolbox for Adopting Computational Thinking Skill Through Flash Action Scripts

+ Encouraging use of systematic format at this stage was aimed to get
participants into good habits for when they got to the correction of
development. At this stage, user would learn how to organize LAYERS and
importance of controlling them.

Each layer should represent each different object on each screen.

The ABSTRACTION skill is applied here as one of the computational thinking

Figure 11: Additional instruction on Switch Case statements added.

Adobe Flash Player 10 | | B |

File View Control Help

Toolbox for Adopting Computational Thinking Skill Through Flash Action Scripts

In this lesson you have designed a few related SCENES so that the
navigation buttons would be the main component that linked to each screen.

You were rewuired to think about the iverall problem and BREAK DOWN into
smaller steps, due to the need to provide navigation between these steps.

This is called DECOMPOSITION as one of the computational thinking
skill domains.

a for apple SWTTIH CASE STATEMENT

4 ]

e dont pressed the RECTANALE mmin

Figure 12: Additional instruction on Switch Case statements added.
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ERNI MARLINA SAARI (PhD. Candidate)

School of Computer Science, Jubilee Campus.UK

PILOT STUDY - Pre Study 1

Please answer the questions provided. Your cooperation is highly appreciated. Thank you.

Name:

School/Faculty:

Course :

1)

2)

3)

4)

5)

6)

Could you please explain about your academic background?

Do you think learning computing is important? Why?

Do you know that this course is normally attended by those with computing background?

Why do you take this course?

Do you have any experience(s) using multimedia software? Please explain.

Why do you think, this course is suitable to be taken by any non-computing background students?
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7) You are pre-service teacher, please explain why teachers need to be equipped themselves with
technology?

8) How does the multimedia skill can facilitate learning?

9) Do you agree that besides multimedia, programming is an important element to be learned as well?

Why?

10) Do you have experience using Flash?
11) Why do you think Flash is an important subject to be explored?

12) Please give your opinion about Flash.

Choose any 5 from the lists that give motivation to learn the Flash Action script.

Because you think it will be easy.

O

o Because you have been told you have to do it.

o To learn how to program.

o Because you wish to become a professional programmer.

o Because you would like to write programs for your own use.

o Because an understanding of programming will help in your future career.
o To understand more about programs and programming.

o To improve your general ability to solve problems.

o To learn general study and transferable skills.

o To get the module credits
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