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ABSTRACT
Block-based programming environments are becoming increasingly popular as introductory tools for teaching programming to children. These environments differ significantly to their text-based counterparts and have proven to
be successful in motivating children and making it easy to
start programming. However, several studies have recognised drawbacks to these tools where they could potentially
be detrimental when transitioning to text-based languages.
In this paper, the distinguishing differences between blockbased environments and text-based languages are discussed
and the effectiveness of these differences are explained. In
considering the transition to text-based languages, this paper identifies two significant weaknesses to block-based programming and suggestions for improvement are discussed.
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1.

INTRODUCTION

It is widely acknowledged that programming is difficult
to learn [5, 9, 11, 21, 26]. Novice programmers have great
difficulty in typical programming tasks such as predicting
the output of a program, identifying the correct order of
commands, or writing a simple program to solve a task [21].
Many of these tasks are challenging to novices as they are
required to think about solutions in a way that is not natural [18]. To write a simple program they are required to
consider both the syntax and semantics of a programming
language where programming terms and commands do not
translate well into standard English [26]. Moreover, introductory programming courses fail to connect with the interests of students [26]. It is these obstacles that may deter
students from pursuing a career in programming, and can
potentially create a lack of motivation to even begin [19].
To alleviate the frustration of understanding both syntax and semantics and to improve interest among children,
a myriad of educational programming environments have
been developed [9, 15], many placing a large emphasis on
the creation of multimedia content [19, 28]. These programming environments typically remove the ability to make syntax errors and simplify the programming language, allowing
children to focus on understanding the core computer science concepts and the structure of a program.
In recent years there has been a large increase in users of

block-based programming. In Scratch - a block-based environment launched in 2007, there has been an increase from
78,000 to 174,000 monthly active users in the past two years
alone [27]. This style of programming implements a blocklike structure where blocks of code fit together like jig-saw
pieces. These blocks differ in shape and colour to provide
cues about how instructions can be assembled and to differentiate between concepts [26]. In addition, the environments
typically encourage novice programmers by allowing them to
create media-rich content in relation to their own interests.
Storytelling Alice, in particular, implements a Storytelling
approach found to be appealing to female students [10, 24].
On the other hand, App Inventor encourages novices using a block-based style of programming to provide the ability to create mobile applications in a simplified manner[19].
Many of the environments which use block-based programming (e.g. Scratch, Alice, App Inventor) aim to lower the
barriers to programming, making it easier for beginners to
start programming [7].
Much of the research related to the subject has reported
the benefits of such environments including increased motivation and improved grades [3, 10, 13], however other studies
have suggested potential drawbacks to block-based environments when transitioning to text-based languages [20]. After
switching to text-based languages students are found to describe block-based environments as not “real programming”
due to its simplicity. Furthermore, students are found to
acquire poor programming habits while using block-based
environments which can make it particularly difficult when
switching to textual languages.
To understand what makes block-based programming environments motivating and simple, this paper will provide an
overview of the distinguishing features of block-based programming environments and the existing research on the effectiveness of these features will be explored. Furthermore,
to address the research on the drawbacks to block-based
programming, this paper will discuss the literature on transitioning to text-based languages to give a detailed overview
of their pedagogical value as educational programming tools.
This paper seeks to address the following research questions:
1. What are the key features that distinguish block-based
programming environments from text-based languages
and how effective are these features?
2. How effective are block-based programming environments for transitioning to text-based languages?

2.

DISTINGUISHING FEATURES

Block-based programming environments share a number
of characteristics. The environments use a multimedia context, where programmers can create art, games and stories
[9] and they tend to target children [25]. In reviewing some
of the most popular educational programming environments,
a number of distinguishing features have been identified.
Many of the existing block-based programming environments have a similar set of features. Scratch, Alice, Lego
Mindstorms and Blockly implement a block structure where
blocks of code can be snapped together like Lego bricks [27].
As blocks are used instead of text, these environments remove the need for syntax, and having code instructions in
blocks allows these environments to use a natural language
that closely resembles a human conversation. Additionally,
each of these environments use different colours and shapes
to distinguish between concepts and indicate where blocks
can be placed.
Although there are a number of features common among
novice programming environments, there are also features
which are specific to certain environments. For example,
Alice differs from other environments by using a 3D virtual
world which holds a collection of 3D objects(e.g. people,
animals, props, vehicles) that can be manipulated [29]. On
the other hand, Blockly differs to other environments as it
allows code to be translated into different text-based languages like Python or JavaScript. In Scratch, concurrency
is made possible as blocks can be placed in different areas
of the screen and run in parallel. Personalisation is encouraged where users can operate with their own images, music
and voice recordings. Moreover, Scratch encourages users
to be social by allowing users to share their projects with
the community and build on the projects of others. Users
are also able to provide feedback on their work from other
programmers.
As there are a number of features that separate blockbased languages from one another, this paper focuses on the
key features shared by majority of block-based programming
environments: No syntax, Block-like structure, colour and
shape, and simplified language.

2.1

No Syntax

Learning to program with a text-based language requires
a lot of effort and the level of focus required for syntax
is commonly viewed as the biggest obstacle in introductory programming courses [4]. As Malan and Leitner [13]
explain: “students must become masters of syntax before
solvers of problems”. In Java - one of the most popular programming languages [2], the simple program (Figure 1) that
prints “Hello World!” to the terminal involves an overwhelming amount of syntax to consider: opening/closing brackets, upper/lower case letters, semicolons, and also spelling.
Even with other less syntactically demanding languages like
Python, users are still required to consider indentation and
spelling which can be challenging for novices.
For this reason, a major feature of educational programming environments is the elimination of syntax errors. Novice
programmers are able to focus on the core concepts in computer science such as flow of control, conditionals and loops,
without the frustration of ensuring a program is syntactically correct.
Syntax removal is evidently beneficial in making programming easier for novice programmers [23]. In student reported

Figure 1: A simple Java program.
differences between Java and Snap! - an extended version
of block-based tool Scratch, students highlighted how both
commands and syntax are required in Java, whereas Snap!
removed the need to memorise syntax [31]. When programming in Alice, the elimination of syntax was considered to
be a contributing factor to the success children had when
using the environment [23]. However, the removal of syntax
simplified programming to the extent that when students
moved to Java, there were reports of “syntax overload”. The
consequence of this is discussed in Section 3.

Figure 2: A simple program made with BlockC.
Other research has focused on designing block-based versions of specific languages to ease the transition into textbased languages [4]. In particular, Federici developed BlockC
- a block implementation of the C programming language.
In this environment, a number of new blocks were created
where each block included C-like syntax (see Figure 2). With
syntax similar to what one would expect in text-based languages, it creates the opportunity for novices to recognise
correct syntactic structure without worrying about its implementation. This type of environment could be promising
if used as an intermediate step between existing block-based
environments and textual languages.

2.2

Block-like Structure

Block-based environments use a drag-and-drop interface
where blocks of code can be placed at different locations on
the screen to form syntactically correct programs. Children
recognise the benefits in using blocks where they alleviate
the need for memorization as programming blocks are made
easily accessible and are organised into distinct categories
[31].
A number of studies have evaluated the positive effect
from using block-like structures to convey instructions [25,
31]. Price and Barnes [25] assessed the differences between
textual and block interfaces using Tiled Grace, a program-

ming environment that allows for both textual and block
interfaces. Using this environment, a program could be written with either interface while using the same text, the only
difference being that in the block interface text was contained within blocks. The students in each condition were
provided with a programming exercise which consisted of
9 independent goals that tested different concepts. It was
found that students in the Block group outperformed the
Text group for all goals. In addition, of all students that
completed the goals, the block group spent significantly less
time to complete them, suggesting that the block-based interface was easier to use.
There have been attempts to increase the similarities between block-based environments and text-languages by adding
the ability to define new blocks and higher-order functions
to existing environments [7]. By adding new blocks it allows
expert block-based programmers to learn higher programming constructs before switching to text-based languages.
However, as Monig et al. [16] explain, experienced users of
block environments may find the drag and drop interface
cumbersome. The large amount of time it takes to find an
appropriate block can interrupt the user’s flow of thought
and this problem can worsen as the number of available
blocks increases.
To diminish issues surrounding drag and drop interfaces
like the large amount of space blocks occupy and the amount
of time spent searching for blocks, Monig et al. [16] suggest
techniques which could act as an intermediate step between
block programming and textual programming. To lessen the
amount of space occupied by blocks in the script area, the
authors suggest using blocks that look like text while maintaining the same structure of blocks. This could also improve novice attitudes when transitioning by having a closer
resemblance to textual languages. A second technique explained was to use keyboard-based block editing. Expert
users could begin typing the name of a block they want
to use and a drop down menu would appear with possible
matches. Using this technique, experienced users are not
burdened with the need to drag blocks across the screen,
while novices are able to progress at a standard rate.

2.3

Colour and Shape

Educational programming environments often implement
blocks of different shapes to distinguish concepts from one
another. This also provides cues as to which blocks can
be connected to create a syntactically correct program. In
Scratch, blocks that accept Booleans are hexagonal shaped
and numbers are oval shaped. Likewise, Boolean and number values are shaped accordingly (see Figure 3). Furthermore, control structures are C-shaped to indicate that blocks
can be placed inside [26].
Novice programmers identify the shape of blocks as a
key feature that makes block-based programming easy. In
an interview with students that had programmed in both
Snap! and Java, four out of nine students said the shape of
blocks was a key reason for why block-based programming
is easy [31]. One student commented that the visual layout
of blocks “teaches you that order is important”, showing an
understanding of the importance of order in a sequence of
commands.
Similar to the way text-based environments use colour to
distinguish between different types and keywords (see Figure 1.), block-based environments also use colour to separate

Figure 3: A Scratch script highlighting the different
block colours and shapes.

categories of blocks. However, it is not clear whether this
feature is useful in demonstrating the different categories. It
is possible that the different colours of block could become
confusing when tracing through a large program. Weintrop
and Wilensky [31] suggest that novices may not immediately recognise the significance of block shapes and colours.
Novice users may not have any experience of syntax in programming to understand the purpose of using shape and
colour.

2.4

Simplified Language

The languages used in text-based languages can be difficult to interpret for children. Pea [21] argues that novices
of all ages, tend to hold the notion that “there is a hidden
mind somewhere in the programming language that has intelligent, interpretive powers”. The notion stems from the
tendency for novices to resort to an analogy of conversing
with a human when writing programs. Psychology of Programming [8] supports this notion where it is identified that
there is a mismatch between the way humans and computers think. Nielsen [17] explains how user interfaces should
“speak the user’s language” and how there should be a good
mapping between the user’s conceptual model and the computer’s interface. By designing a programming environment
with natural language, it can make the interface easier to understand and creates a stronger mapping between the user’s
existing knowledge and the problem at hand [18].
To accommodate for the analogy on a conversation, educational programming environments implement languages
in a way which resemble having a conversation and are more
closely aligned with students existing mental models of problem solving [18]. In a study involving young student perceptions of block-based environments [31], students identified
the easy to read labels on blocks as the most helpful. The
labels were described as being a closer representation of English where students pointed out their resemblance to having
a conversation.
Storytelling Alice implements a number of methods that
resemble a human conversation more closely than text-based
languages (see Figure 4). For example, a user can select an
object, such as a Magician, and can then call the method
“when mouse is clicked on Magician, do levitate”. In a comparison between Storytelling Alice and Generic Alice - a version of Alice without storytelling support, participants who
used Storytelling Alice were found to spend 42% more time
editing their program and were three times more likely to
spend extra time programming after the session had ended

3.1

Figure 4: A comparison of the language used in
Generic Alice and Storytelling Alice.
[10]. They were also found to express greater interest in
future use of the environment.
Weintrop and Wilensky [32] also provide support for the
benefits of using a natural language in block-based environments. In their research, they looked at the impact of
block-based versus text-based languages on novice programmers’ understanding of computer science concepts. Students
were asked questions about different programming concepts
in both text and block modality. Results of the experiment
found students to be significantly better at conditional logic,
procedures, and iterative logic (see Figure 5). The authors
concluded that the use of text versus blocks does have an affect on novices’ understanding of concepts. Further, the authors identified several possible explanations for their finding. The structure of blocks was said to be helpful in describing scope. The natural language of block labels was more
descriptive than their text counterparts. Finally, the shape
of blocks were helpful in questions involving functions as the
shape of blocks that return values are different to those that
perform actions, which may have helped the students when
answering the related questions.

Figure 5: Performance for different concepts and
grouped by block (graphic) and text.

3.

TRANSITION TO TEXT LANGUAGES

Many of the programming environments mentioned above
have aimed to lower the barriers to programming and make
it easy for children to start programming. Although this
goal has been achieved in most cases, some studies have
suggested a detrimental effect when transitioning to textbased languages. From reviewing the literature on these
environments, two important weaknesses were identified and
are discussed below.

Lost Confidence

While many educational programming environments offer
ease of use through the removal of syntax, it does not aid the
learner in transitioning to a more traditional language that
involves strict syntax. Instead, these environments postpone
the inevitable requirement until the core programming concepts have been understood. This is done in hope of encouraging children to start programming and build up confidence
so that they will be more willing to continue programming
at a higher level [30]. However, this approach can have the
opposite effect.
Several studies have reported students’ loss of confidence
after switching to text-based languages. Powers et al. [23]
studied the transition to high-level programming languages
where the first half of a course was taught with Alice and
the second half with Java (and C++ the following year).
The authors note that the transition was poor. Both strong
and weak students were overwhelmed by the syntactical requirements and students quickly became discouraged when
their programs would not compile. Most importantly, after
using a High-level language, students lost confidence in their
programming ability and concluded that Alice was not “real
programming”.
Similarly, in a study involving the knowledge transfer from
text-based languages to Alice, Parsons et al. [20] concluded
that “Students do not seem to naturally make a strong connection between the formal coding process and what they
are doing with Alice.”, where several students agreed that
Alice was simplistic with little resemblance to “real programming”. In these cases, the students failed to construct mental models of programming that are suitable for a text-based
context.
In a study comparing the learning outcomes of students
programming in Logo and Scratch, Lewis’ [12] findings support this claim where students programming in Logo - a
text-based language, identified themselves as having higher
confidence in their programming ability compared to programmers using Scratch. This suggests that children may
not identify their program writing in block environments as
true programming.
Bau [1] has attempted to close the learning gap between
block programming and text programming. In Droplet a programming editor, users can load existing code written in Javascript or CoffeeScript and translate it into blocks
(and vice versa) for easy editing. Droplet allows experienced
block users to transition to commercial text-based languages
easily with the ability to switch back if problems arise. This
could prove useful in raising confidence levels for students
that find block-based programming as not “real programming”.

3.2

Incorrect Ideologies

In the process of designing a block-based environment
that is easy to use, it is possible for children to develop
ideas about programming which are not true. Weintrop and
Wilensky [31] support this claim as they suggest blocks can
lead children to form incorrect beliefs about programming.
During an interview on programming in Scratch, when talking about the blocks, one student stated that “everything has
its place”. The student found it difficult to use the blocks
as he believed there was a certain combination required to
make his program. As every block in Scratch has a particular shape and can be snapped into place with another block,

children may develop the idea that every block has its own
place. In text-based programming, this can be inhibiting
to performance as instructions are not restricted to specific
places but can be used in a variety of ways.
Other literature has identified bad habits that novice programmers acquire when using Scratch [14]. Bottom-up programming was a technique found to be taken to the extreme
where students would start with the most basic components
of Scratch and would link these elements to form a greater
subsystem. Students would drag a number of instructions
to the script area and would then try to piece them together
appropriately.
This type of behaviour conflicts with the accepted practice
in computer science that encourages programmers to start
by designing algorithms to solve a problem. Environments
like Scratch enforce this behaviour as programming elements
are made visible at all times so programmers do not need
to remember the instructions. This habit is further fostered
by the ability to leave individual blocks of instructions in
the script area without affecting the execution of the main
program.
A second bad habit discovered by researchers was the use
of extremely fine-grained programming [14]. Students took
a top-down approach where tasks were broken down into
smaller sub tasks that became incoherent. A common example of this behaviour was identified when a finite loop
structure was required - a task repeated until a specific condition was reached (see Figure 6). However, with extreme
fine-grained programming students would split this concept
into multiple sub tasks: an infinite loop that performed the
repetition and another which checked if the condition was
met (see Figure 7).

Figure 6: A simple implementation of a finite loop.

Figure 7: An EFGP implementation of a finite loop.
This style of programming is made simple by having the
ability to run multiple scripts concurrently by placing each

script in a different area of the screen. However, although
the ability to perform concurrent behaviour can be advantageous [6], it can also be viewed as damaging when students
are faced with problems surrounding concurrency in Scratch.
Using extreme fine-grained programming in their programs,
students avoided the fundamental control structures: conditionals, and bounded loops. This behaviour is especially
detrimental when transitioning to text-based languages as
these concepts are known to be particularly difficult to learn
and the opportunity is missed when students use environments which encourage this kind of behaviour [14].

4.

DISCUSSION

It is evident that block-based programming environments
are effective at lowering the barriers to programming and
motivating for children. The elimination of syntax and blocklike structures simplify the process and the focus on media
creation is beneficial in connecting with the interests of children. However, there are mixed results on the effectiveness
of these features and environments when transitioning to
text-based languages.
Existing block-based programming environments have the
possibility of reducing confidence levels in children from the
unanticipated change toward syntax heavy languages. Furthermore, these environments can have damaging effects by
instilling incorrect ideologies of programming behavior. Recent studies [1, 4, 7, 16] have attempted to improve popular
existing environments but there is still plenty of room for
improvement.
From the studies reviewed, two significant weaknesses were
identified which may be harmful to students when transitioning to textual languages, but there may be other factors
which have not been discussed. The focus on multimedia
creation can be encouraging in the early stages of programming, however it may also bring students to refrain from
progressing ahead if they become attached to this style of
programming. Creating a game or animation in a textual
language requires much more effort than in Scratch or Alice. Students may not see the value in switching to other
languages if they can use block-based environments to create similar programs in less time, with fewer lines of code.
If this is true then schools which use these environments in
their curriculum should be emphasising the value of textual
languages.
By understanding the strengths and weaknesses of blockbased environments, educators can work towards implementing programming tools that are most beneficial for novices
and for the transition to text-based languages. For example,
if children are losing confidence after using textual languages
due to their syntactical requirement, future block-based environments could incorporate the automatic placement of
syntax so the structure of a program is a closer match to
one written in text. By learning about the incorrect habits
children acquire, educators could focus on teaching the appropriate skills about programming before using the environments. Early research in computer science explains that
programming has a mathematical foundation with a strong
application of problem solving [22]. If this material is taught
with a core focus on programming, it has the ability to reduce the problems that children pick up while programming.
With an understanding of how to improve block-based environments, educators can minimize the gap between blockbased and text-based languages allowing for a smooth tran-

sition and an interest in computer science.

5.

FUTURE WORK

The mixed results on the effectiveness of block-based environments indicate the need for future research in the area.
While current programming environments prove to be beneficial in encouraging children to start programming, it would
be useful to investigate ways to achieve this without focusing solely on media creation. Gamification elements such as
levels and leader-boards could be applied to existing blockbased languages with the focus on solving mathematical or
logical problems to progress ahead. This way novices can
remain motivated to progress while creating programs similar to those made in introductory courses that use textual
languages.
Future research should also consider investigating the impact of using helpful syntax errors rather than no syntax at
all. If blocks are placed incorrectly, the system could revert
back to the last valid state while providing useful information about what went wrong. This may soften the transition
into text-based programming if children are made aware of
the kinds of problems that can occur and steps required to
solve them.
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