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Abstract

The growing demand of programming results in an increase demand for introductory
programming courses. To attract students’ interest and enable a better learning outcome,
several factors are being investigated to improve the introductory programming
language. The choice of introductory programming language is one of the most
important topics among the area of programming education. As ActionScript has some
visual feature, it is to be investigated whether it can be part of the introductory
programming language. Because of the end of life for Flash, Adobe has ceased the
support of ActionScript. Will this result in a lost of a good introductory programming
language? This paper investigates the characteristics of popular existing introductory
programming language, in particular the Scratch, Python and Java through a systematic
literature review. Then based on the findings, ActionScript will be analysed to find the
place among the trending introductory programming language. Though the goal of this
paper is positive, the final result is negative. The impact of death of Flash is the great
decline in the popularity of ActionScript and the usage of it has been correspondingly
reduced as well. Therefore, ActionScript is not to be considered as a good introductory
programming language. However, the benefit of instant visual result can be synthesised
with existing programmes like Scratch or Python to improve current introductory

programming languages.
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Chapter 1 Introduction

The term programming has been defined as describing calculations, defining functions
and defining and treating objects[1]. It is a useful skill and has great potential in career
development. The demand for programmers has increased in recent years and because
of that, more and more people in different age groups seek to learn programming. As a
result, the demand for introductory programming courses has also increased

tremendously.

However, programming is difficult to learn. It is suggested that ten years are needed for
a novice programmer to become an expert programmer[2]. Because of the difficulty,
the importance of programming education has grown as well. There are a lot of papers
that discuss the difficulties of learning and teaching programming[3] from various
perspectives such as programming tools and teaching methods. The trending topic
among programming education would be a game approach[4] or a robot platform[5]

teaching method which provides an easier and faster entry for novice programmers.

While most of the papers discuss the teaching method[6][7], there are few papers
discussing the choice of first programming language. A recent review reveals that the
most considered criteria of choosing introductory programming language in college is
the ease of learning basic programming concepts[8]. It is stated that most of the students
lose their interest in programming because of the amount of theoretical concepts and
techniques that they need to learn[9]. But without such theoretical concepts, the learner
will often make errors such as syntax error or logic error that causes bugs in their
program and they could not understand the error because of the lack of theoretical

knowledge for a certain programming language.

Different programming languages can have different programming paradigms which
provide different functions and levels of difficulties to the learners. The most popular
paradigm is object-oriented programming, it focuses on objects that contain attributes

and methods[10].

Besides the paradigms, there are syntax and interface differences between each
programming language and the most obvious difference would be block-based

programming and text-based programming. Block-based programming uses a visual



programming approach to code the program such as Scratch, Scratchjr[11], Alice[12].
Text-based programming refers to using text as an interface to code the program such
as Python, Java, C, Arduino[13]. The differences between paradigms, syntax and
interface distinguish each of the programming from each other and provide different
entry barriers for the novice programmer. Thus, it is crucial for the introductory
programming course to use the suitable first programming language for the learner.
There are some papers that have reviewed different programming languages as the first
choice. The recent review by Andrew et al. [14] provided a comprehensive overview
of the introductory programming from the aspects of student, teacher and programming
language. Most of the reviews for the introductory programming language or first
programming language choice are Java, Python, C++, Scratch[15]. The reviews from
the papers were being performed under different student groups ranging from
elementary students[13] to college students[16]. The common characteristic of such

programming language is the low entry barrier.

While most of the papers are focussed on the newest and most recently developed
programming language as their first choice, there is also a forgotten language that is
suitable as the first programming language to teach as well: ActionScript. ActionScript
as an old programming language also has a low entry barrier. However, only one paper
has proposed it as the first programming language choice[17]. Because of the end of
life of adobe flash player, the usage of ActionScript has been greatly reduced. Though
Adobe Animate still has ActionScript as one of its programming language choices,
Adobe itself has ceased the support of ActionScript. This means no more updated
version of ActionScript will be available in the future. Even though ActionScript might
be obsolete, it’s friendly entry barrier still makes it a good entry level programming
language. Thus, to investigate the viability of using ActionScript as the introductory

programming language, the following research question has been posed:

1. What are the target groups for different entry level programming languages?

2. What are the advantages and disadvantages of each entry level programming
language corresponding to its target group?

3. How can ActionScript find its position among the entry level of programming

languages?



This paper focuses on the choices of first programming language for different student
groups and proposes the position of ActionScript among those choices. In the next
chapter (chapter 2), the scope of the review hopes to clear the boundary of the review.
The chapter following will present the methodology behind the review. The fourth
chapter will be divided into 5 sections in which each section, except for the first and
last section, will review present findings with different topics from the review. Then, a
summary of the findings as well as the comparison with existing reviews will be
presented. In chapter 5, the characteristics of ActionScript, the current status of
ActionScript and the common characteristics of ActionScript with other introductory
programming languages will be investigated to present the possible place for
ActionScript to be in the list of introductory programming languages. The last chapter
will propose recommendations to the programming education sector, limitation of

current review and possible future work.
Chapter 2 Scope

Previous systematic literature review that was done in 2018[14] provides a systematic
review on the topic of the choice of introductory programming. This review will be an
extension of the previous review to expand the process but the topic that was updated
by this review will only cover the programming language section of the previous review.
The papers that are reviewed were published between 2016 and 2020 inclusive to follow
up with the previous review. Papers that are outside the range of 2016 and 2020
inclusive but have been reviewed in the previous systematic literature review will be
included as a comparison between current finding and previous finding. Any other
published paper that is outside this range and not as part of the previous review will not
be included in the data selection process and will not be formally analysed. However,

it may be included in discussion where appropriate.

During the planning phase of this review, there were no specific languages that had
been selected for analysis. After an initial research on the trending introductory
programming languages, a few programming languages have been selected as
representative introductory programming languages to be reviewed. It has then been
made clear that the focus of the review will only involve using Python, Scratch,

Processing and HTML as the introductory programming language. Papers that



introduce ActionScript will also be reviewed to find the common characteristic between

ActionScript and other popular introductory programming languages.

To limit the scope of this paper and distinguish the research question, the review will
only be conducted on papers that fall into the scope above and focuses on the area of
teaching introductory programming language. Other topics such as using introductory
programming language to enhance computational thinking will not be considered and
analysed. Also, any papers that fall into scope above but focused on education
institutions other than primary school, secondary education or college education will

also be ruled out to bring more focus on the analysis.

Chapter 3 Methodology

This review that will be conducted is a systematic literature review based on the
guidelines proposed by Chitu [18]. The method was labelled as ‘standalone literature

review’ which no primary data is analysed, and the process follows the structure below:

1. Clarify the research questions

Conduct searches for the papers

Selecting studies from the search

Filtering the papers by evaluating their relevancy

Data extraction

A

Synthesis result
3.1 Research question

This paper aims to explore the literatures of introductory programming including
Scratch, Python, Java and HTMLS5. Because of the time limit, the paper will only review
the literature that is interesting to programming education community. The specific

research questions are as follow:

RQ1 What are the target groups for Scratch, Python, Java and HTMLS as the

introductory programming language?



RQ2 What are the advantages and disadvantages of the introductory programming

languages mentioned above to different target groups?

RQ3 What can ActionScript provide to fit in the group of introductory programming

languages?
3.2 Conducting searches

The selecting process for this review proved to be very challenging. In systematic
literature review, searching papers is the key process of acquiring data. In this paper,
the search will be done through google scholar. It is not an ideal search engine but the
reason of using google scholar will be explained in the limitation section. Because of
the nature of the google scholar, further quality assurance will also be done to make
sure the quality of the paper can meet the requirement. The first step of the search is to
define the search term. If the search term is too general, it will often result in a wide
range of papers that are not related with the research question. However, if the search
term is too specific, a lot of the relevant papers will be missed. To find the accurate and
desired search term, the method of trial and error is used. The trial search took place
through google scholar with keyword relevance search for each required search term

29 99

with the range of 2016-2020. Using ‘ “introductory programming language” “choice” ’
as an example, the initial search term was “introductory programming language” and
there are 281 search results from the google scholar where some of them are related
with logical thinking and promote computational thinking. To remove the unwanted
result, another keyword is needed to narrow the search down. By reviewing the previous
search result, it has been noticed that most of the relevant papers have the keyword
“choice”. Thus, the search term has been updated with “introductory programming
language™ and “choice”. By adding the keyword “choice”, it has been narrowed down
to 170 papers where most of the papers focus on the properties of the introductory level
of programming language which fits with the topic of this paper. However, to avoid
losing other related papers, some synonyms have been tested to replace “choice” such
as “selection”, “option”. The new search results returned from those keywords are
similar to the search result from keyword “choice” but more topics about computational

thinking and mindset have also been returned in the search result. Thus, only the

keyword “choice” has been selected as part of the search term. The same procedure has



been done for the rest of the search term to make sure the papers that are displayed are

most relevant to the purpose of this paper and no other important paper has been missed.

After the trial section, the combination of search terms has been produced for each of

the research questions.

Started from the basic of research question 1 which involves the basic of introductory

programming language, the following keywords are being used to perform the search:

99 Ces

“low barrier programming language”, “introductory programming language choice”,

“introductory programming course”

For the rest of research question 1 and research question 2, the search term has been
divided into 5 parts based on the programming language. The first programming
language is Scratch. The search term involves a prefix of “Scratch introductory
programming language” following different education groups: “elementary school”,
“primary school”, “secondary school”, “college”. Same goes to Python where the prefix
has been changed to “python introductory programming language” and the suffix
remains the same as scratch. Then Java which specifically targeted the processing
library. The prefix search term is “processing java introductory programming language”
and the suffix remains the same. The last search topic for research question 2 is HTMLS5,
the search terms involve “HTMLS introductory programming language” with different

suffixes like Java above.

The search terms for research question 3 are quite different from RQ1 and RQ2, as the
question mainly asks about the characteristic of ActionScript, the search term becomes

as follow:

“ActionScript”, “ActionScript based application”, “ActionScript programming

language”.

The search terms are then being applied to keyword fields of Google Scholar with the
setting of range between 2016-2020 and sorted by relevance. The result of the search is
as followed (figure 1):

e Scratch primary/elementary school: 28



e Scratch secondary school: 29

e Scratch college:72

e Python primary/elementary school: 18
e Python secondary school: 23

e Python college: 71

e Java primary/elementary school: 23

e Java secondary school: 27

e Java college: 81

e HTMLS primary/elementary school: 4
e HTMLYS5 secondary school: 3

e HTMLS college: 10

e Total:389

Paper count for each keyword search
100

B0

60

40

i | i

i 1 [] —

Sgartch Python lava HTMLS

=]

W primaryfelementary school W secondary school M college

Figure 1 paper count for initial search

As the figure shows (Figure 1), the number of papers that are related with HTMLS is
too small to conduct the proper review. Thus, another exploration is needed to expand

the topic. It has been noticed that JavaScript is also returned from the search result of



HTMLS. Thus, a test of changing the search term from HTMLS to JavaScript has been
initiated. During the test, the search result from “introductory programming language”
“JavaScript” has returned 80 papers. The initial result seems optimistic. After a closer
look at 10 of the most relevant papers, it was clear that the content of these papers is
not related to the topic. Thus, this search has been abandoned. Because of the failure of
this topic, it has been then decided to remove HTMLS as part of the research question.

The new research question 1 is amended to:

“What are the target groups for Scratch, Python and Java as the introductory

programming language?”
3.3 Selecting studies from the search

The next stage of this review is to select papers that can be used to form the basis of
this review. To select the correct paper, each of the search results is examined with title,
abstract and, if necessary, the full paper. The selection process is done by eliminating
papers that are irrelevant and making sure the papers that are selected are journal/article
or book. Because of the nature of this topic, some of the papers are related to promoting
computational thinking or teaching methods which has been ruled out and it is by far

the biggest reduction to the number of viable papers.
3.4 Filtering

After the selection process of the papers, a set of potential topics has been created to
devise the paper that has been covered. This process starts with a brainstorm of a list of
topics that possibly exist within the papers. Then the topic will be merged into three
sections: age group, advantages, disadvantages. The age group is the basic group and
the advantages as well as disadvantages can be classified as a subgroup under ‘age
group’ to classify the advantages and disadvantages of a certain programming language
to a certain age group. After categorizing the papers, the focus of the review shifted to
a particular topic or group and evaluate the pertinence of the paper to the topic and
extract useful data. The process starts from reviewing the title, abstract and keyword in
searching for the relevancy to the topic group. This was followed by a brief reading of
the conclusion section. During the process, more papers were ruled out because of the

content irrelevancy. It is stated that the reviewer should examine the paper more closely



to the quality of the paper to ensure the quality appraisal. Two of the main methods of
ensuring the quality of the reviewed papers are “prioritize the papers according to their
quality and exclude certain papers deemed not useful due to inferior methodological
quality.”[18]. It is recommended that a scoring system should be established to measure
the quality of the paper and because of the qualitative research, the qualitative quality
appraisal should be constructed based on the logical argument of the paper[18]. Because
the number of papers available on this topic is limited, the scoring system is not being
built but the quality of each paper that is being reviewed has been carefully examined

to make sure the quality of this review.

The quality assurance process starts from examining the research question of the paper
to verify the logic behind the questions. Only the papers with solid research questions
that related with the topic of this paper, that is using Scratch, Python, Java as an
introductory programming language, will then proceed to the next stage. Then, the
methodology section will be reviewed for each of the papers. For any paper that has a
small sample number, for example, the number of participants is less than 10 students,
or total number of references is less than 8§ or total number of pages is less than 6, it
will be ruled out. The number here is based on the Springer’s instruction for authors
where it requires the author to have a word count of 1500-3000 and that can be
converted to at least 6 pages. This is to make sure there will be enough data to analyse
while maintaining the quality of the data. After the collection process, the data will then

be analysed to arrive at the result for each of the research questions.

And the final number of papers that has been accepted is 36. This turns out to be 9.2%
of the initial search returned result. The acceptance rate is unexpectedly low, and part
of the reason will be explained in the limitation section. However, a review from 2016
with the similar topic that focus only on Scratch has returned a rate of 14%[19]. A
review that compares visual programming with textual programming in 2017 has a filter
rate of 18.75%][20]. Another related literature review from 2018 has the acceptance rate
of 43% with a broader topic[14]. Though the acceptance rate in this study is less than
the reviews above, with the limitation added, it can be considered as a normal search

result. Therefore, the review continues with this number of papers.

3.5 Data Extraction



At this stage, the data extraction will be performed from the filtered papers. Due to the
nature of this review, the data extracted from the paper will be qualitative content such
as characteristics, advantages rather than quantitative content such as the number or
percentage of a certain group or usage. Based on the note form of the data extracted
from the filter section, a formal version of the data will be created and documented for

further analysis.

Chapter 4 Literature review of Scratch, Python and Java

In this chapter, a systematic review will be performed that synthesises findings of
studies about the target group, advantages and disadvantages on Scratch, Python, Java
and the characteristics of ActionScript. The review starts with an overview of the
current situation with introductory programming language to provide a general
background. Then, each of the introductory programming languages in the research
question will be introduced. The following section will list out the findings from the
literature based on the different topic group that summarized during the process. Lastly,

a summary of the findings will be presented to lay the foundation for the next chapter.
4.1 Overview of introductory programming language

A programming language is a system that allows a person to interact with machines and
be able to be “understood” by both of them. There are many levels in terms of
programming language such as “Entry level”, “Intermediate level” etc. The English
dictionary defines “Entry level” as “Suitable for a beginner or first-time user; Basic”.
APA defines that an introductory level of programming course should be designed for
learners who may have little to no background in programming skill. This level of
programming course should get the learner familiar with theoretical underpinnings,
principles, methods, and perspectives of programming language. The content within the

course should be focused on breadth, enrichment and or general knowledge[21].

There are a variety of factors that affect the novice programmer to learn programming.
For example, student motivation[14][22][23]. The study indicates that lack of
motivation is one of the main factors that causes the student to drop-off from

introductory programming courses[24]. It is also stated that students get frustrated by

10



not being able to find the error of their code, payoff is imbalanced which results in

motivation dropped[24].

To solve these issues, the root of the issue must be identified. In the previous review,
serval topics has been identified in relation to teaching introductory programming
language. Example includes theory of learning, teaching delivery, tools and
programming languages. Though the analysis is thorough, most of the findings are
regarding teaching method[25] and delivery. In terms of the characteristic of
programming language itself, though there aren’t many findings on it but it is still

considered to be an important topic[14].

In order to better facilitate the entry level programming course, the choice of the first
programming language based on the characteristic of the programming language for an
introductory programming course is important. There is no such thing as ‘perfect’
inductor programming language but the choice of it has been argued through many
papers by comparing different languages as the first programming language. Examples
include comparison of Scratch with Python[26] Python with Java[27], C++ with
Java[28] and C++ with Python[29]. The following subsection will provide general

introduction regarding Scratch, Java and Python.

4.1.1 Scratch

Scratch is a block-based visual programming language. Visual programming language
refers to the syntax of the programming language including visual expression such as
diagram, sketch or icons[30]. Students can drag blocks and snap them into scripts to
run the program[31]. It is free and available in nearly 50 languages such as English,
Chinese etc. In addition to that, Scratch is designed to introduce programming to those
without any previous experience. Because of this goal, Scratch uses visual blocks

language, single-window user interface layout and minimal command set[32].

In this study, the published papers that relate with scratch within the review scope
including any comparative paper that compares scratch with other programming
languages and demonstrates the benefits or drawbacks of scratch will be explored.
Figure 2 gives an overview of the number of papers that have been selected for this

section ordered by the year of publication with a total of 14 papers.

11



number of paper based on published year
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Figure 2 Distribution of 14 papers related with Scratch based on published year

During the review section, it has been found that 2 papers[33] [26] have topic that
related with input method and emphasising the benefit of having block-based
programming language such as Scratch. 9 papers mentioned or focused on the syntax
of scratch which promote the syntax error free of Scratch. Lastly, almost all of the
papers are related to the acceptance within the student group ranging from primary to

college level of education

4.1.2 Java

Another popular introductory programming language is Java, an object-oriented text-
based programming language. It was developed around 1995 and it is an C based
programming language which makes it one of the traditional programming languages
and has been stated as one of the most popular introductory programming
languages[34]. And it is also the most commonly used programming language in the
world[20]. Because of its popularity, most of the college would use Java as the
introductory programming language to freshman students. The papers selected to
review for the Java section includes all papers that conduct experiments using Java as
an introductory programming language or comparing Java with other programming
languages to identify the characteristics of it. The number of the papers that qualified

are shown in figure 3.

12



number of paper based on published year
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Figure 3 Distribution of 12 papers related with Java based on published year

The actual number of papers that can be used in the Java section is lower than expected
number. But it is still sufficient to conduct the research. There is a total of 3 papers that
have a target experiment group and 7 of the papers discussed the syntax difficulties and
3 papers discussed the perceptions of students studying Java as an introductory

programming language.
4.1.3 Python

Python is another object-oriented text-based programming language. It is considered as
one of the most popular first-to-learn programming languages with almost the
same popularity as Java[29]. Though Python is older than Java, it is actually simpler
than Java in terms of syntax and grammar. The syntax within Python is nearly English
which made it easier for students to study[35]. Python also been described as “a good
programming language for initial learning” because of the simplicity of the syntax as
well as the popularities in the programming education area[36]. The number of schools
that use Python as introductory programming language also increases for the past few
years[37]. In Figure 4, the number of papers that lies within the scope of this review

after the filtering process is being illustrated.

13



number of paper based on published year
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Figure 4 Distribution of 10 papers related with Python based on published year

The result is as unexpected as Java, there are less than expected number of papers that
related with the properties of Python programming languages. Of the 10 papers, 3 of
them have controlled group experiments with either teaching Python alone to students
or comparing teaching Python with teaching other programming languages. Another 3
papers within the 10 papers focus on the syntax difference including the comparison
between syntax of Python with Java. 8 out of 10 papers have either included the
recommended age group for teaching python as introductory programming languages
or included the feedback from target experiment group about the perception of studying

Python as their introductory programming language.
4.1.4 Summary

Throughout the 36 papers, it has been noticed that the most noticeable topics among
the reviewed papers are input method, syntax, semantics and acceptance. Based on this
finding, the following three topics have been created: input method, syntax and
semantics and acceptance. In the following section, data for each language within the

research question are being detailly analysed based on the topic mentioned above.

4.2 Input method

14



This section focuses on the different input methods between Scratch, Python and Java.
The input method in programming language is defined as how the user can interact with
the programming language to create a program. There are many input methods for

different programming languages such as text, visual and vocal[38].

However, in most introductory programming languages, the two preferred types of
input methods are text and block. As introduced in the introduction chapter, block-
based input method refers to allowing students to drag blocks to form the program.
Text-based programming language on the other hand, requires students to type the
actual syntax to construct the program. In another recent review which focused on the
input method of different types of the programming language, a summary of 4
comparison studies has been given and suggested that visual based programming
language can provide a better result for the novice programmer to understand

programming concepts[20].

Another study states that one of the benefits of using Scratch as an introductory
programming language is that the difficult concepts can be easily understood by novice
programmers because Scratch has hidden the text code behind the blocks[39][40].
Using variables as an example, it takes the student a click of a button to create variables.
In the process, the users get to select the scope of the variable: global or local. There is
no such thing as naming conventions for Scratch as the students are allowed to give any
name to any variables. The operations for variables in Scratch are also pre-defined
which means the students can simply drag the block with set, change, show, hide
variables to achieve such operation. It gives the student more sense of how to and what

can be done to manipulate such variables.

An experiment that includes teaching primary school students with Scratch as an
introductory programming language indicates that the process of creating their first
programming project with a visual programming language such as Scratch is proven to
be fun. Students are highly motivated by the block input method which improves the
student’s commitment towards the project. The overall result of the experiment
indicates the success of block-based programming language and also demonstrates that
with block based programming language, students can better understand the concept

such as loop[33].
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Another experiment uses Scratch as an introductory programming language as well to
deliver the introductory programming course to primary school students in 2017. The
participants are 5+ grade primary school students without prior programming experience.
The content of the experiment includes using Scratch as the introductory programming
language to deliver introductory programming courses to the participants. Findings
suggest that students show an increasing positive attitude towards programming courses
because of the visual programming method and have concluded that block-based
programming language would greatly increase the motivation for novice

programmers[26].

During a comparative study, the two control groups are set to explore the result of using
block-based or text-based programming language as the first programming language.
The findings show that students who start with visual programming(Scratch) are proven
to have higher level confidence in their understanding of programming techniques than

those who start with text-based programming language[41].

Text based programming language on the other hand, will require students to manually
type the syntax in the editor to form the program. In a paper that compares the input
method for programming languages, it is stated that the text is a form of representative

of programming which cause more difficulties for the student [42]

Another review also compares block-based programming language with text-based
programming language by conducting a class experiment with 312 students ranging
from 5« grade to 6+ grade. Each group of students is being taught by experienced CS
teachers with either Scratch as block-based programming language or Python/Logo as
text-based programming language and student’s performance is evaluated through a
series of tasks. The findings indicate that at the beginning of a simple task, both groups
of the students performed at the same level. As the difficulties of task grow, the
requirement for student to understand the programming concept and rule increases and
the group with Scratch is demonstrating a significantly better performance than those

with Python.[43]

Though there is literature that investigates the effect of input methods towards the
novice programmer, most of the related papers are proposing a visualization

tool/method of the text-based programming language to enhance student’s performance

16



while maintaining the benefit of transitioning to text-based programming language.
Examples include ViLLE, which runs on a subset of Python, and allows for
visualisation[20], Alice which is a Java based visual programming language and tool
that can convert the project back to plain Java code. A frame-based editor that combines
the block-based programming language with text-based programming language[44]
and a means that combines Python with visualization tools to demonstrate the
programming process[45]. There are few papers that focus on the effect of input
methods towards the choice of introductory programming language. However, the topic
has been widely discussed informally as stated in the paper[42] but in terms of academic

study, there is still a gap to fill.
4.3 Syntax and Semantics

The most mentioned factor in the input method section is the syntax. It is clearly another
important topic that needs to be addressed for introductory programming language
based on the analysis of the difficulties of learning programming[46]. Syntax in
programming language refers to rules of the combination of symbols to form a
program[47]. It exists in any programming language no matter the input type. In text-
based programming language, the syntax refers to the combination of symbols and
keywords or the variable name in text-based programming language whereas in block-
based programming language, it refers to the block that has been created for the
programmer to drag. One of the basic errors that novice programming could have is the
syntax error which occurs by violating the rule of the symbol combination which causes
the program to fail. It is often described as syntax noise that would negatively affect a

student's learning experience.

In block-based programming languages, syntax has been pre-defined which makes it
nearly impossible to have a syntax error. The study from 2017 also states that Scratch
offers a syntax free programming experience to the novice student. The syntax-free
programming language will enable students to focus more on problem-solving and
design algorithms rather than memorising syntax which increases their learning

efficiency[26].

However, in text-based programming languages, syntax errors are a common mistake.

It is stated that the novice programmers often face syntax barriers; they face a general-
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purpose programming language such as Python and Java. Compared with block based
programming, it is found that even the Python syntax is not considered to be simple to
a novice programmer and the syntax difficulties vary based on the programming
language they faced[41]. The syntax within Python has been described as “elegant,
simple and practical” and easy to read[20] but Java is more complex compared to
Python. For example, in Python, the keyword ‘def” can make it unambiguously clear to
the students that they defined a function rather than variable whereas in Java, the
keywords for different variables and functions such as ‘int’, ’String’” would confuse
students. Another example includes the scope of the variable. The attributes in Python
are all public and all of the exceptions are prefixed with one or two underscores so that
the learner can understand it is not a public variable whereas in Java, students need to
specify the scope of the variable[48]. It has also been stated in the previous literature
review that in order for novice students to master the Java programming language, one

must master the syntax before they can move to master the problem solving skill[39].

A study comparing the syntax difference between Python and Java suggested that Java
as a C type programming language has a traditional syntax rule. The syntax approach
of Java is described as ‘imperative’ and requires additional mental focus on complex
issues to fully understand the syntax rule within. Only then can the student fully
understand the mechanism of syntax in Java. Python, on the other hand, is a recently
developed programming language. Though it is another object-oriented text-based
programming language, the syntax rules are quite different from Java. For example,
brace-based syntax has been applied to Java which is similar to C or C++. This means
if the student couldn’t have the curly brace correctly to define a conditional statement,
loop, function or class, it would cause a syntax error. While in Python, the functions
are being defined with code blocks. Thus, the paper conclude that as Python uses a more
declarative approach, it is easier for the students to understand the programming
concepts without suffering from syntax noise and also help the students to avoid syntax

error compare with Java[48].

A comparative analysis in 2020 also compares the difference between Java and Python
for novice programmers. The study conducted through exploring the syntax difference
without any experiment that requires the participants. Comparison includes the topic of

syntax and implementation where a major amount of effort is spent towards the syntax
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area. It analysed the syntax between Java and Python including variables, castings,
comments, print, separators, structure style, operators, strings, input, loops, conditional
statement, classes, objects, scope, file handling and exception handling. The finding
shows novice programmers can easily read Python programs because of the simplicity
of its syntax while Java programs could cause major compilation errors for them

because of the complexity of Java syntax[35].

Another paper from the previous review compares Java with Python in the aspect of
syntax as well. The result of that paper also indicates that python can reduce the syntax
error because of the simplicity of its syntax compared with Java. It is described in the
experiments that students would normally have syntax errors of ‘missing semicolons’,

‘missing brackets’ whereas in Python, these errors won’t exist[49].

Findings by another recent study revealed that teaching Python which is a syntactically
simple language as the first programming language can enhance student’s
understanding towards the programming concepts when comparing it with the
syntactically complex language such as Java. As a result of such simplicity, the teaching
priority can then shift from programming concepts to problem-solving skills which

greatly enhance students’ performance[50].

Apart from syntax, the semantics is another major concern. Semantics in programming
language describes the execution and result of the program from the input code. The
issue of semantics exists in both block-based programming language and text-based
programming language. It is an issue with the students’ problem-solving skills rather
than the understanding of the programming language. Many papers have mentioned the
issue of semantic error in the introduction or background section[26][51][52] but none
of the reviewed papers has indicated any direct impact of semantic error towards the
choice of first programming language. However, in the comparison of Java and Python,
it is stated that the student would feel the reference semantics of Java are “illogical’[49].
This perception from students indicate that the semantics error does affect student’s
attitudes towards the programming language. Thus, more research is needed to this
topic to deeply explore the effect of semantic error towards the choice of first

programming language.
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4.4 Acceptance

Besides the characteristic of the programming language itself, the acceptance of the
programming language is also an important factor to consider. This section will present
the review on Scratch, Python and Java in terms of the age group and some student’s
perception regarding it. There are three different age groups that have been identified:
primary school, high school and college. The following table (table 1) shows an

overview of the paper regarding the corresponding group.

Paper Age/Student group Programming Language
[19] Primary school student Scratch

[26] Primary school student Scratch

[33] Primary school student Scratch

[41] College student Scratch, Java
[48] College student Python, Java
[51] Primary school student Scratch

[52] Primary school student Scratch, Python
[53] Primary school student Scratch

[54] Primary school student Scratch

[55] College student Scratch, Python
[56] Primary school student Scratch

[57] College student Scratch

Table 1 Overview of papers that conduct experiments

As shown in the table, over the 11 papers that perform target group experiments, 10 of
them are investigating Scratch as an introductory programming language either a sole

scratch programming course or a control group comparison between scratch and other
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programming languages. Only three papers have the experiments on Java and three
papers conduct experiments using Python. This demonstrates the difference between

block-based programming language and text-based programming language.

It is obvious from the table that most of the target group from Scratch are primary school
students. In one of the experiments, it has concluded that compared with traditional
programming language, Scratch may be a better approach to teach introductory
programming language because it can significantly increase student’s motivation and
increase the content absorption[19]. A study that conducted an experiment with primary
school children also finds “at least every second child in grade 4 is able to learn basic
programming with Scratch in three days”[53]. Another experiment concludes that
Scratch is so simple that primary school students without prior programming
knowledge can also easily capture the basic programming concepts such as variables
and loops[56]. According to the control group experiment, Scratch can also reduce the
impact of low problem solving abilities and reduce the give-up rate[52]. It has also been
suggested that students learning Scratch have better understanding of logic and a
stronger problem-solving skill[51]. Another research concludes that Scratch is designed

for children aged 8 and above with the desire of learning basic programming skills[36].

Apart from primary school, a recent review also suggests that the high school students
also express a satisfactory attitude towards the use of Scratch as an introductory
programming language[12]. The same paper also suggests that applying Scratch to
students from 6+ grade classes is a better option for the student’s learning curve because
of the level of cognitive maturation. Even for the college level education, the research
also shows that good experience is identified for college students to use Scratch as an
introductory programming language because the students without prior programming

experience can also understand the programming process[55].

However, the paper also indicates that Scratch does not provide enough assistance
towards the student in preparing them to advance to higher-level programming
languages such as Java[51]. As described in another paper, it has been deliberately
avoided to overload the Scratch with anything too complex that might make a child find
it threatening. The lack of procedures also leads to the failure to convey the core idea
of computer science (CS): recursion to the students. There is also no such concept as

class or object which the paper then concludes Scratch is not useful to teach object-
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oriented programming language which is so called “real” programming language. Thus,
it is not considered to be a desirable introductory programming language for college
students studying CS[39]. It has been suggested that Scratch should be a tool or a
platform that serves the purpose of teaching simple programming concepts for the

students[26].

Furthermore, in an experiment conducted with 93 college students using Scratch as
introductory programming language, they expressed negative attitudes towards the
usage of Scratch as the introductory programming language. Typical commons include
students referring Scratch as “childish” and “non-serious” programming language. The
paper then concludes the informal introduction of Scratch in college course would fail

to motivate student from studying it[57].

Python has a high acceptance rate in high school. The study reflected that python is a
common choice for an introductory programming language for high school students
who desire to get ahead of others in study programming[48]. It is also stated that the
acceptance of python as the first programming language is affected by the factor of
‘ease of learning’. Students who desire to get an easy entrance to the °‘real’
programming language would normally choose Python as the first programming

language[34].

However, when it comes to primary school education, the nature of text-based
programming language results in less acceptance than block-based programming such
as Scratch. Research also finds that students get better performance when taking python
as an introductory programming language if the student possesses higher problem-
solving abilities[52]. This means the primary school students are normally not mature
enough to have the required skill to perform well in a Python introductory programming
course. Beside primary school education, it is also stated that students with Python as
an introductory programming language often have difficulties transitioning to Java.
This is mainly because of the nature of ‘object first’ in Java and the lack of the concept

of array in Python[20].

The acceptance for Java is mainly at the college level as described in the table, the only
three experiments that involve Java have the target group of college students. This is

mainly because of the complexity of the structure and syntax of Java as discussed in
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section 4.3. It is considered as a difficult programming language to learn for novice
programmers[41]. According to a survey from college students, Java is the most
popular with 41.94% of respondents picking it as their teaching language[34]. Another
study that research the acceptance rate for different programming language as
introductory programming language in UK and Australasia. Finding shows that Java

hits the highest selection rate among other 21 programming languages[58].

The factor that affects the acceptance of the programming language for different group

are varied based on the review above.

Students at the stage of primary school often lack the problem-solving ability and
cognitive levels are low as well. Thus, more focus has been paid towards the simplicity
of the programming language such as syntax free. Moreover, the teaching goal is more
towards the area of introducing basic programming concept. Thus, languages that
Scratch is the most considered programming language as the first programming

language to learn.

As the students’ age grow, the problem-solving ability increases, and it would be
possible for students to handle other issues such as syntax that they may encounter
during the learning process. The aim of the introductory programming language is
shifted from introducing basic programming concept to preparing students for higher
level programming[58]. The review indicates that block-based programming such as
Scratch cannot help the student to advance to a higher level. To satisfy the learning goal
and learning ability, text-based programming language starts to get more popular.
However, the student conation is still at a limited level which means complex
programming language would still be too difficult to teach as introductory
programming language. Thus, the acceptance for Python lies in the high school

education and college education[36].

When the students reach college level, the maturity of conation allows the student to
process more complex logic and understand more difficult rules and grammar. In this
case, the goal of introductory programming language would be more towards the
industry area which prepare students to get their hands on some difficult programming
project. The teaching focus has then shifted again from basic programming concept,

foundation to industry programming and enhance problem solving skill. Java as
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compared with Python has a complex syntax but has a more general implementation. It
is also suggested that even though java is difficult to learn, with good knowledge it is
possible to apply it for development of different types of applications[36]. This leads

to the popularities of Java among colleges.
4.5 Summary

The previous section has analysed in detail the input method, syntax & semantics and
the acceptance between Scratch, Python and Java. Based on the review above, the

answer for the research question 1 and research question 2 can be concluded.

4.5.1 RQ1 What are the target groups for Scratch, Python and Java as the

introductory programming language?

The review on acceptance has already gives some basic conclusion towards the research
question. To summarise the findings from above section in relation to this research

question, the following conclusion has been made.

The target group for Scratch are more for primary school education than high school or
college education[26][33][53][54][51][19][56]. Though the usage of Scratch cannot
bring student to a higher level of programming, it gives the student a basic knowledge
of programming concepts such as loop and conditional statement and the block-based

nature makes it better for student in primary school to understand those concepts.

Python is more suitable for high school education than primary school because of the
different cognitive level among students or the level of understanding difficult content
for students[20]. As for college level, it is still argued by many papers of its usage as
an introductory programming language in college education as shown by the multiple
comparative papers[34]. The review from the papers suggests that Python is suitable
as introductory programming language to college student because it allows the students
to get a better understanding of the programming concept, thus, fulfil the purpose of the
introductory programming language: introduce programming concept to students and a
better performance can be achieved through the syntactically simple programming
language such as Python. But drawbacks have also be pointed out- such as the

simplicity of Python cannot satisfy the needs to transitioning to a complex
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programming language such as Java. Therefore, it is still under debate whether Python

should be the choice of introductory programming language in college education[29].

Java, however, has been mostly mentioned in college education, specifically for CS
students or students that take CS1 courses. The implementation and complexity of Java
makes it a hard programming language for beginners and requires enough cognitive
level to understand the syntax and concepts within Java. Thus, it is not suitable for
primary school student because of the complex rules and programming concepts
presented by Java to them. The findings from the review points out that Java is the most
popular introductory programming language in college education. Because of the
popularities, many comparisons between Java with other language has been made to
point out a better introductory programming language other than Java. Though many
papers have promoted other language to replace the place of Java in college
education[36], it is still widely accepted by college to use Java as introductory

programming language.

4.5.2 RQ2 What are the advantages and disadvantages of the introductory

programming languages mentioned above to different target group?

In the above sections, the three introductory programming languages in terms of input
method, syntax and semantics have been examined in detail and the findings in relation

to research question 2 can be concluded as follows:

The advantages for Scratch are mainly based on the input method[20] [26] [33] [39].
The block-based input method allows the students who study Scratch to be free from
syntax error. This is particularly beneficial to primary school student. The review
suggests that without syntax error, student have a higher motivation and better
performance. However, semantics error is still unavoidable but because this is the only
difficulty that student will face, it can be managed. As for the disadvantages, this study
shows that the nature of block-based programming language has limited the concepts
that can be introduced to student. For example, as mentioned in the review, teaching
with Scratch cannot introduce the concept of recursion and object to the students. These
seems to be acceptable in the primary education as the purpose of introductory
programming language is only to introduce the programming concept, but it is not

acceptable in college level education especially for students who study computer
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science. Another finding from the review indicates Scratch makes no effort to prepare

students for higher level of programming.

When facing primary school students, the text-based nature makes python not as
competitive as Scratch for students. But the advantages of providing student the
foundation towards higher level programming language makes it lies within the choice
of being one of the introductory programming languages in primary school education.
As stated in the conclusion for research question 1, python is more popular in high
school education and college education. The findings from reviewing multiple
comparison papers indicates such. It is stated in the literature that Python has the
advantages of being syntactically simple compared with other programming language
such as Java[48]. The dynamic typed nature of the programming language makes it
easier for the students to define variable. These become the main reasons why it is
popular in college level as well as the high school level. It makes the Python a good
choice to introduce a low barrier entrance for students while maintain the fundamental
programming concepts and forge the foundation towards other high-level programming
language. However, the disadvantages are also caused by one of its advantages:
dynamic typed. The nature of dynamic typed makes the student ignore the issue with
variable type that would cause significant error when the students move to other high-

level programming language.

Java on the other hand, undoubtably has the disadvantage of being syntactically difficult
for primary school students. As stated in the acceptance section, the cognitive level for
primary school students is normally not enough to understand the mechanism of Java
which result in the conclusion that Java is not suitable for introductory programming
language in primary school level education. The popularities of Java stay within the
college as shown in the acceptance section. The advantages of Java are also the
disadvantages of Java. Because of the complexity of Java such as strongly typed, strict
expectations, the students would normally be able to get the hangs of the fundamental
programming concepts within the high-level language. One of the reasons that college
level education chose Java over Python is the implementation. As Python is only getting
popular in recent years, Java is already in every part of the software we use. It has also

been pointed in the study that Java compare with C, C++ or C#, has easier way to write,
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compile and debug. Thus, these advantages make Java an idea introductory

programming choice in college level.

Chapter 5 ActionScript

ActionScript is an object-oriented script programming language that is used to create
content for website animation, flash player. There are three generations of ActionScript:
1.0, 2.0 and 3.0. The latest version is ActionScript 3.0 which was released in 2006. The
production of ActionScript at the beginning was flash player (.swf) file only. With the
release of Adobe Animate, it now also produces the flash animation (.fla) file. This
chapter focus on the introduction of ActionScript from early literatures and the
characteristic of the ActionScript. The first section introduces the properties of
ActionScript. Then the following section will discuss the issue of adobe flash player
end of life. Lastly, ActionScript will be analysed based on three topics that are
summarized from chapter 4 in the second section to summarize a conclusion that

answers the research question 3.
5.1 Properties

ActionScript as described above is an object-oriented programming language. In the
handbook from Adobe, it is stated that ActionScript 3.0 is designed for “facilitate the
creation of highly complex applications with large data sets and object-oriented,

reusable code bases”[59].

The input method for ActionScript is by default a text input. However, ActionScript is
merely a script for the action of the object. The object creation process can be done
through visual method such as drawing or dragging default image. This can save the
students from struggling with creating object or variables using plain code and provide

a better programming experience.

A study in 2006 promotes ActionScript as a “gentle” introductory programming
language. In the paper, it is said that the syntax and semantic is similar with other C
like programming language such as Java. But, unlike other object-oriented

programming languages such as C++, Java, ActionScript provides instant visualized
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results for the learner with less scaffolding and frustration. This will not only help
students over the initial barriers of a first course in programming, but also enhance the
engagement. The paper also investigates the code block based on the example. It has
shown that for implementing I/O and array processing, ActionScript has 14 less code
statement than Java[17]. The comparison result is similar with the recent study of
comparing Python with Java[35]. The conclusion demonstrate that ActionScript can be
a potential introductory programming language to provide clear and concise
programming exercise. It can also facilitate further transition to programming language

like Java or C++.

Another study in 2006 also investigates the usage of ActionScript as the introductory
programming language. The targeted participants were 30 undergraduate students with
little or no programming experience. Experiment divided the participants into three
group where first group was using ActionScript as the introductory programming
language and other two groups were using C++ as the introductory programming
language. The findings suggested that ActionScript is not recommended as introductory
programming language. Issues that identified are as followed: The ActionScript is not
specifically designed for novice programmers or for the purpose of education. The
biggest drawback identified in the research is that declaration of variables is not
required in ActionScript which results in difficulty of detecting typographic error.
When it comes to progressing students to high-level programming language such as
C++, it does not build solid foundation for students to understand the fundamental

programming concept[60].

The acceptance of flash is relatively high as many papers has proposed the flash based
application for education purpose[61][62]. However, the distinction must be made in
relation to the difference between the acceptance of ActionScript and the acceptance of
Flash. The flash-based program will not be counted as the acceptance of ActionScript
as it is an application that is produced by ActionScript but no fundamental of
ActionScript is presented to student. This is similar to the relation of Scratch 3.0 and
JavaScript. Though Scratch3.0 is written in JavaScript, the acceptance for Scratch is

not equivalent to the acceptance of JavaScript.

A research in 2014 investigates the usage of ActionScript as the introductory

programming language to non-computing background students. 62 postgraduate
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student participates the experiments. Students express the ActionScript is interesting
and can attract the students’ attention. The motivation of studying programming

language is also increased from studying ActionScript[63].

Other than the factor of students’ perception and acceptance of ActionScript, the recent
end of life for adobe flash player is another key impact towards the acceptance of

ActionScript.
5.2 Impact of Flash EOL

The original file that ActionScript produced was a flash player (.swf) file which is an
animation that can be played using a website plugin. However, as adobe announced in
July 2017, adobe flash player will no longer be supported after 31 December 2020 and
all the existing flash player content will be blocked from 12 January 2021. This leads
to massive destruction to the website that’s dependent on flash content. The reason
being the complete deprecation of .swf file which will no longer be available on any
browser or even local copy. Google reports that flash usage declines from 80% in 2014
to under 8% in 2018[64]. However, in China, most of the education websites are still
using flash as the basic animation content for students. Because of that, flash is still

supported in China[65].

The main reason of the end of life is because of the security issue with adobe flash
player. The review in 2015 detailly listed the trends and threats of ActionScript web
security. Findings suggest the vast range of security issues exists because of the
flexibility and power of the Adobe Flash platform[66]. To cope with this situation,

several solutions has been investigated.

A study in 2017 investigate the method of merging flash files to HTMLS5/JavaScript.
The study compares the code difference between ActionScript 3.0 and JavaScript. It
has been found that in order to merge the flash file, it has to be rewritten in
JavaScript[67]. The result of the study indicates that it is difficult for the current flash

application to be transformed into HTMLS5/JavaScript.

It can be seen from the papers that though efforts have been made to convert the flash-
based application to HTMLS5/JavaScript, it is still a difficult process which result in the
usage of ActionScript being greatly reduced. As the option of HTMLS5 canvas appears
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in Adobe Animate, more people are choosing to use HTMLS5 canvas rather than
ActionScript as the programming language to use in Adobe Animate. Thus, the usage

of ActionScript is relatively low.
5.3 Summary

5.3.1 RQ3 What can ActionScript provide to fit in the group of

introductory programming languages?

Owing to the limited number of papers available for the study on using ActionScript as
introductory programming language, it is thus hard to conclude if ActionScript can be
considered as introductory programming language based on the syntax and semantic.
When evaluating the factor of input method, none of the literatures has compared
ActionScript with block-based programming language but the nature of text-based
programming language makes ActionScript not suitable for the primary school students.
Though the instant visual result from ActionScript has been proven to be beneficial to
student’s motivation towards learning programming, the complexity of ActionScript
makes it difficult to use as an introductory programming language in high school.
Because of the end of life, the industry demand of flash has been greatly decreased
which result in the decline in the usage of ActionScript as well. Thus, it is not to be
considered as a good introductory programming language compare with other available

programming language.

Chapter 6 Conclusion

This study extended the previous literature review related to introductory programming
language. Specifically, this study investigated how the characteristic of the
programming language will affect the choice of introductory programming language by
instructors and students. The findings from recent literature shows similar result as the
previous reviews. The role of Scratch and Java remains the same. Scratch is still the
most popular choice among primary education because of the block-based input method.
Java, because of its complexity of syntax, semantics and industry usage, is still the

choice for college education. But a minor difference has been found in this review. The
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usage of Python as introductory programming language is gradually increasing. The
target level ranging from high school to college and it is challenging the dominate
position of Java. This may have been caused by the growing industry demand for
Python combine with the simplicity of its syntax. This review has set to find if
ActionScript has a position among other introductory programming language and the
result turns out to be an unfortunate no. Because of the input method, it is not to be
considered as an introductory programming language to primary education and because
of the complexity of the syntax, it is also not recommended for high school students.
The end of life also reduced the industry usage of ActionScript which makes it nearly
impossible to compete with other introductory programming language. However, one
thing is sure, the instant visual result from ActionScript has definitely made the
programming easier for the students to comprehend. Thus, it could be possible to
amalgamate the feature of the ActionScript into other popular introductory

programming language to further reduce the entry barrier for novice programmers.

Chapter 7 Limitation and future work

Many limitations can be identified throughout this research. The limitation of this
research is quite serious. During the initial searching phase, the search result returned
by Google scholar was satisfying and the trial of the search term turns out to be
successful. However, as the filter process goes on, a serious issue rises. Because of
limited access, over 31.6% of the papers are not available to download or view. Thus,
only the title and abstract are available. Even though the abstract of the paper might
seem to be useful, the lack of deeper analysis of the content within forced the review to
rule out from the analysis phase. Another issue is the search result from Google Scholar.
At the beginning of this review, a systematic search from credible website such as
Springer, IEEE, ACM was considered. But the time limit as well as the access limitation
forces the search to be conducted on google scholar. And as stated in the methodology
section, the quality of the papers that returned from Google Scholar is not ideal and
requires massive amount of validation. Besides the quality, the accuracy of Google
Scholar is another obstacle. Google Scholar does not support the keyword search. This

results in a massive amount of false positive from the search result. Even though the
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search term has been tested to make sure the search result is narrowed down, there are
still huge number of papers that only have the search term in a sentence or in abstract.
This greatly reduced the search efficiency. Thus, the conclusion from this paper to the
three research questions is though credible from the existing literature available, it still
needs further validation. Besides the limitation of the search method, several new
search terms have been found that can be used for future research. During the analysis
process, related keywords are being found in the literatures and because of the time
constrain, it is not possible for this review to apply new search term and perform more
literature review. Thus, in relation to the topics that summarised in chapter 4, search
terms be added on top of the original search term. For ‘input method’, “block-based
programming” or “text-based programming” can be added to complete the related
search. A search term “syntax” can be added to the search term to get more literatures
that relates to the topic of ‘syntax’. As for the ‘acceptance’, there are no new search
term has been found during the process. The search terms suggested above has been
partially tested and the result returned are promising. But further validation is still

required.

Furthermore, the limitation has restricted the review and a research gap has been noted.
The two of the previous literature reviews to this related topic could only return
approximately 10%-15% of which only 9% is useful paper for this review. It is stated
in the literatures that there are few literature reviews that explore the characteristic of
introductory programming language and its impact to the choice of first programming
language. From this study, only three of the related literatures has been found for the
past 4 years and even so the topic which the paper focused on only being mentioned
in a section and more emphasis are put on the teaching method and student’s perception.
It has also been found during the review section in this study that more papers have
been published in relation to the topic mentioned above, but they are yet to be
systematically analyzed. It is important for the teacher or the course organizer to know
the difference between different programming language and their characteristics so that
a proper choice of first programming language can be used for different student group
to raise the success rate in programming course. Therefore, more systematic analysis is
needed to explore the mechanism and nature of the programming language in order to
choose the appropriate introductory programming language for students at different

education level.
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Moreover, another factor that affect the choice of introductory programming language
has been identified as well. It has been noted that the factors that determine the target
group can be divided into two sections. This study has explored one of the sections
which is related with the programming language itself. However, it is also related to the
purpose of the introductory programming language. The different goal of the
introductory programming language often results in different application of different
programming language as introductory programming language for different education
level. Thus, further research is needed to explore the general purpose of introductory

programming at different education level.
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