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1 Introduction

In July 2014, European Commissioner Androulla Vassiliou wrote a letter to EU
Education Ministers urging them to promote children’s opportunity to develop basic
computer coding skills in school. In this letter, jointly signed by Neelie Kroes,
Vice-President for the Digital Agenda, Vassiliou states, “coding is the literacy of today.
Each and every interaction with computers is governed by a code. Programming is
fundamental to the understanding of a hyper-connected world” (Barshay, 2014). In the
same letter, she states, “coding skills are part of the solution to youth unemployment and
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create a growing skills gap in the ICT sector, in which we expect to see a shortage of
900.000 ICT practitioners by the end of 2020” (European Commission, 2014). The above
statistics worry, along with predictions from the Bureau of Labor Statistics in the USA
that until 2018, computing will be one of the fastest growing job markets (Grover and
Pea, 2013). In the USA, Jeannette Wing, corporate vice president at Microsoft Research
states that everyone should learn computational thinking (Shein, 2014). According to
Wing (2006), “computational thinking involves solving problems, designing systems, and
understanding human behavior, by drawing on the concepts fundamental to computer
science”. Computer science (CS) develops students’ computational and critical thinking
skills, thus enabling them, becoming active creators, rather than being passive consumers.
This fundamental knowledge is demanded to educate pupils for the 2Ist century,
irrespective of their ultimate field of work or occupation (Code.org, 2015).

Despite the fact that the role and significance of computing has increased in society
and the economy (Wilson et al., 2010), students’ motivation to enrol in computing fields
is declined (Karakus et al., 2012). Nowadays, it is a challenge for instructors to find new
methodologies to attract students based on their interest in computer-related fields and
industry needs (Shih et al., 2014). The USA and other countries declared that increasing
the number of students who choose to study in scientific fields is a national priority
(Harvey and Monig, 2010). In the UK, the government designated 2014 as the Year of
Code, and in September, the new syllabus makes computing education mandatory for all
students.

Therefore, all students need to be motivated in order to learn the basic CS principles.
Student participation is often successful when the setting is directly related with current
themes that are of direct interest to students. Much of what we teach in introductory
computing would be right at home in the 1980s PC world, where computer learning was
taking place on a computer display screen, excluded from everyday life. The experience
of computing today is fundamentally different (Gray et al., 2012). In an attempt to
increase interest in CS, much effort has been made developing tools, activities and
preliminary learning materials, both for younger children and for high schools and
universities (Meerbaum-Salant et al., 2010). Research has shown that novice
programming environments (NPEs) play an important role in attracting and retaining new
programmers’ interest in computing as they manage to engage students and improve their
attitudes towards CS (Papadakis et al., 2014). Additionally, today’s students are learning
by using their tablets and smart phones, so mobile services and applications should be
extremely engaging for this generation of students (Shih et al., 2014). A new entrant in
the field of NPEs is App Inventor for Android (AIA). Unlike other NPEs, the target
device for AIA is not a computer, but any Android-based smartphone/tablet (Roy et al.,
2012).

2 Problems in teaching programming

Students, comparing CS with other academic fields, find it significantly harder. It is
thought to be a ‘nerdy’ and ‘not a cool course to take’ (Kurkovsky, 2007). Program
learning is viewed as a hard project (Malan and Leitner, 2007). Significant evidence
shows that many novice programmers experience difficulties with learning the
programming concepts and applying those concepts in code writing. Novice
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programmers find it hard to understand the syntactic details of a language and the
computational concepts (Roy et al., 2012). In addition, they face problems with the basic
algorithmic structures like looping, conditions, etc. and creating programs with them
(Guzdial, 2004).

Moreover, for decades, programming was introduced using enterprise level languages
like C, C++, and Java, both in universities and high schools. Despite the popularity of
those languages, there has been much debate about the suitability of these languages in
education, especially in introductory courses (Pears et al., 2007). The cognitive load
required for learning a production/enterprise language is huge (Papadakis et al., 2014).
Even the simplest of Java programs which are used on an introductory course’s first day,
due to their object-oriented nature, look hieroglyphic to a novice programmer (Malan and
Leitner, 2007; Wolber, 2011):

public class Main {
public static void main(String[] args) {
System.out.println("Hello, World!");

}
}

Languages like Java challenge students to master programmatic overhead before
programming itself: students must become masters of syntax before solvers of problems
(Malan and Leitner, 2007). The targets of an introductory programming language should
be problem solving and algorithm development (Pears at al., 2007). Additionally,
researchers assert that traditional programming courses fail to connect programming and
CS concepts with students’ diverse interests and backgrounds (Forte and Guzdial, 2004).
Guzdial and Soloway (2002) indicate that one reason is that teachers use an outdated way
of teaching programming as “we teach computer science in much the same way as we
learned”. Looking the Java initial program, it is hard to be understood by students. In
addition, it is not motivating for students to get it run and get a ‘Hello World’ message on
the screen (Wolber, 2011). Today’s students, who were born and grown up with
interactive media and more lately with the smart mobile devices, do not find programs
based on examples of the form ‘Hello, World’” motivating. In addition, students have little
or no interest in learning how to program with common and outdated assignments such as
calculating or creating a grade book (Rizvi et al., 2011).

There is a long, rich history of attempts and strategies to ease the process of learning
to program and make programming engaging and accessible to a broader population
(Kelleher and Pausch, 2007). Some of these strategies include:

a  applying pair-programming and collaborative learning

b  using themes that are attractive to students as multimedia, game and/or animation
approach

¢ using visualised programming to introduce core concepts before more advanced and
in-depth courses (Dekhan et al., 2013).

As a result, many visualised programming tools have been developed and especially
blocks languages, in which programs are constructed by connecting blocks that resemble
puzzle pieces. These tools have become quite popular in recent years (Chadha, 2014) and
are increasingly used to introduce novices to programming (Turbak et al., 2014b).
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Although Logo Blocks was the first block language that was developed in 1995,
block programming really took off in 2007 when Scratch was appeared (Vasek, 2012).
There are many advantages of ‘blocks’ languages. They eliminate the need for typing
complete programming statements. Blocks are selected from drawers — menus of related
blocks (e.g., math blocks, control blocks) — so it is not necessary for novices to remember
or type their names (Turbak et al., 2014a). Additionally, in many blocks languages,
blocks belonging to different collections are often distinguished by different colours so
users can easily recognise them. Block shapes guarantee that blocks can be connected
only in syntactically meaningful ways (Papadakis at al., 2014; Turbak et al., 2014b). This
is the most important dimension for blocks languages, whose primary purpose is to
reduce syntactic errors in text-based programming. The blocks also contain other useful
visual information that is not necessarily readily available in textual programming
languages (Chadha, 2014). With these programming environments, novices can focus on
learning the concepts, thinking, and problem-solving skills associated with CS principles
rather than being hindered by the frustrations of syntax errors that differ in each language
(Papadakis et al., 2014; Chadha, 2014). Although blocks eliminate many syntactic errors,
runtime errors are still possible, such as type errors and index-out-of-bounds errors
(Okerlund, 2014). Several of these introductory computational environments use the
three-stage ‘use-modify-create’ progression to help the learner evolve from user to
modifier to creator of computational artefacts. Visual programming environments are
often followed by exposure to high-level programming languages such as Python and
Java (Grover and Pea, 2013).

3 Scratch

Scratch (http://scratch.mit.edu) was initially developed in the Lifelong Kindergarten
Group at the Media Lab of MIT. Scratch builds on the constructionist ideas of Logo and
Etoys (Maloney et al., 2010). Scratch as stated on its website is designed to help young
people (ages 8 and up) develop 21st century learning skills (Rizvi et al., 2011). With
Scratch, someone develops his ‘fluency skills’ namely his ability to ‘think creatively,
reason systematically, and work collaboratively’. Moreover, young people working with
Scratch have the opportunity to face significant mathematical and computational issues,
like conditions, parallelism, variables and other (Resnick, 2012).

While Scratch inherits many key ideas from Logo, it is also different in several ways.
First, in addition to a low floor and a high ceiling, Scratch has wide walls, allowing users
to create many different types of projects from interactive greeting cards to physics
simulations. Resnick calls these creations ‘projects’ instead of ‘computer programs’
(Barshay, 2014). Sharing is a fundamental part of the Scratch experience and the website
provides a place where young creators share their creations with one another on the eeb.
As a result, Scratch has been called the “YouTube of interactive media’ (Resnick, 2009).
The Scratch Online Community was beta released on March 4, 2007 and started with
only 20 participants who were involved in a Scratch workshop (Monroy-Hernandez and
Resnick, 2008). Now there is a vibrant online community, where, since December 2015
9.053.352 users had already shared more than 12.030.886 projects and 62.489.843 posted
comments (http://scratch.mit.edu/statistics/). There is also a separate online community,
called ScratchEd (http://scratched.media.mit.edu), specifically for educators who help
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others learn Scratch (Resnick, 2012). Scratch is available free of charge and has been
translated into more than 50 languages (Resnick, 2013). In addition, Scratch software is
often redistributed by school systems and educational organisations as One Laptop per
Child (OLPC) (Maloney et al., 2010).

Scratch is a blocks language for programming animations, games, and stories. The
blocks control the actions of sprites on a canvas. In Scratch, users write programs to
manipulate sprites; the default sprite is the Scratch cat. These blocks all have notches,
which control flow through statements. Each type of value is represented through a
different shape. Scratch has three different types of variables (Boolean, number and text)
(Vasek, 2012). Concepts that are often difficult for novices are easier to understand in
Scratch because less is hidden. For example, variables can be made visible, helping the
user to understand immediately the effect of operations such as clearing or incrementing
that variable (Wolz et al., 2009). Scratch supports parallelism across objects (Brennan
and Resnick, 2012) and completely hides the compilation process from the user. Scratch
1.4 has 125 command blocks, although some of them do not appear until needed
(Maloney et al,, 2010). The Scratch language is designed in order to prevent the
generation of runtime errors altogether. Single step mode is a feature of Scratch which
can be used from users in order to step through their code and check for behavioural and
logical errors. Tracking various blocks when they are called is also possible by choosing
to have the code outlined (Okerlund, 2014).

Scratch has weaknesses as a programming language. These weaknesses are not
oversights; the designers of Scratch deliberately avoided overloading the language with
anything a child might find threatening (Harvey and Monig, 2010). These restrictions are
a calculated part of the Scratch design, which bears a primary goal that every facet of the
language should be intuitive even to new children. Most notably, it lacks procedures,
which convey the impressive phenomenon of recursion, one of the central ideas of CS. Its
support for data structures is also weak. Until version 1.3, Scratch had no data
aggregation mechanism at all; the lists added in 1.3. Deep structures (lists of lists) are
ruled out (Gray et al., 2012). Scratch sprites are objects that own state and behaviour, but
they can only be copied. Scratch has no classes or inheritance. A ‘broadcast’ primitive
provides a rudimentary form of message passing, but with the limitations that messages
cannot be directed to an individual sprite, and the corresponding method scripts cannot
take arguments or return values (Brennan and Resnick, 2012). These weaknesses reflect
differing goals: Scratch makes no effort to teach object-oriented programming (OOP). In
addition, Scratch has no relation at all with Java (Papadakis and Orfanakis, 2014). This
means that Scratch is generally not desirable for a CS1 course, although it is sometimes
applied as a warm-up in CS1 before moving on to C, Python, or Java (Utting et al., 2010).

Due to Scratch weaknesses, Brian Harvey and Jens Monig, presented at
Constructionism 2010 an extension of Scratch named Build Your Own Blocks (BYOB).
BYOB, recently renamed to Snap!, targets the Scratch audience and extends Scratch by
adding procedures and higher order functions, effectively adding the power of abstraction
to Scratch (Harvey, 2012). Users can create any type of block (expression or statement
blocks) and place this block in any category (Vasek, 2012).

A new generation of Scratch, called Scratch 2.0, was released in May 2013 that
enables people to program Scratch projects directly in the web browser. This new version
enables Scratchers to:
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a  share at multiple levels of granularity
b  store ‘persistent data’ in the cloud
¢ create projects that react in the physical world by using the webcam as a sensor

d import sets of specialised programming blocks for continually adding new
capabilities to the core language

e export projects from Scratch to other social-media sites (Resnick, 2012).

With Scratch 2.0, the process of creating a Scratch project will be analogous to creating a
collaborative document using Google Doc (Resnick, 2010). There is also a downloadable
version of Scratch 2 so anyone can create and view projects offline. Scratch 1.4 versions
are also still available, so someone can have both Scratch 1.4 and 2 on his computer.
Scratch]Jr, a mobile version of Scratch, aimed at five to seven year olds was released to
the public on July 30, 2014. This app allows children to snap together graphical blocks to
make the characters move, jump, dance and sing (Barshay, 2014).

4 App Inventor for Android

AIA (http://appinventor.mit.edu) is a visual programming environment for creating
mobile applications for Android that uses a Scratch-like graphical blocks of code. It sets a
low floor for allowing creative app building while still engaging with complex
computational concepts, including procedural and data abstraction, conditional and
logical thinking, and debugging (Grover and Pea, 2013; Spertus et al., 2010). In the
rhetoric question why one wants to use AIA, as a complementary environment to the
other NPEs, Roy (2012) answers that the main reason is because of the increasing usage
of smart mobile devices among teens, females and minorities and their potential use as a
key for introducing computing. Additionally, NPEs that look and feel like Scratch and
Alice but can develop apps for Android and iOS are not common (Grover and Pea, 2013;
Roy, 2012).

Google developed AIA in the context of Google Labs. It was firstly announced in
July 2009 as an experimental teaching and learning tool for a select circle of American
Institutes of Higher Education (Kloss, 2012). Almost exactly one year later, AIA was
announced to the public and Google made it available to interested developers as a closed
beta version. After the termination of Google Labs, it became open source on December
2011 and the MIT Center for Mobile Learning continued the project under the name
‘MIT App Inventor’ (Schinkel et al., 2013). Since then, AIA environment has become
more flexible and friendly by the MIT team by adding new characteristics. During the
year 2011, AIA became established as a genuine option to the Java-based Android
Software Development Kit (SDK) (Kloss, 2012). The AIA development environment is
supported for the three known operating systems, and the resulting apps can be installed
on any smart mobile device running Android version 1.5 or greater as an operating
system (Pokress and Veiga, 2013).

The advantages of using the AIA are primarily its use as an easy introduction to
programming, because no extra coding knowledge is needed as well as quickly and easily
demonstrable results (Papadakis et al., 2014; Schinkel et al., 2013). AIA allowing
students to focus on the logic for programming rather than the strict syntax of a textual
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programming language (Chadha, 2014). AIA comes bundled with a based Android
smartphone emulator for live testing. The emulator is quite capable and is a good option
if the budget is limited (Papadakis et al., 2014; Roy, 2012), so anyone can develop and
test apps even if he does not have a device available. This is important for education and
settings in which not every pupil has access to a phone (Wolber, 2011) especially at the
K-12 level (Okerlund and Turbak, 2013). AIA requires an active internet connection as
well as a Gmail account. Alternatively, there are stand-alone, offline AIA versions, which
can be installed locally in Windows, Mac and Linux operating systems such as the AI2
Live Complete and AI2 Ultimate.

AIA has gone through two major iterations. App Inventor Classic (AIA1) refers to an
early version and App Inventor 2 (AIA2) is now the primary version as it was released in
the end of 2013. The overarching design of both iterations is the same. The environment
consists of two parts, the designer for selecting the components of the app, and the blocks
editor for setting the behaviour of the app (Papadakis et al., 2014; Chadha, 2014; Pokress
and Veiga, 2013). Components include visible user interface items such as text boxes and
non-visible items such as the Bluetooth client. AIA2 has a couple of new features such as
the ability of adding additional screens while in blocks or designer mode and generally
simplifies the creation of blocks programs and changes the way in which variables are
declared and used (Okerlund and Turbak, 2013). Additionally, AIA2 as an improved
version is much easier to setup. The blocks editor runs in the browser as a different mode
in the project. Previously, a Java file called the ‘blocks editor’ had also to be set up and
run, along with installing the Al Setup Software, in order to run AIA1 (Shih et al., 2014).
Since December 2015 AIA1 and AIA2 weekly active users where 140,000. Totally, there
are 4,000,000 registered users from 195 countries which have already built 12,000,000
applications (http://appinventor.mit.edu/explore/).

One of the pedagogical advantages of working with AIA is that students can see their
creations while they are building them. This allows students to develop their apps
(projects) gradually and encourages them to test as they build. A completed app (project),
can be directly downloaded to the connected device, or exported in apk format (Android
Application Package) for distribution or upload to Google Play (Pokress and Veiga,
2013). Alternatively, a student can download the whole project in .zip (AIAl) or .aia
(AIA2) format for distribution, in order other students to be able to see and edit the
source code (Papadakis et al., 2014). The MIT AIA server can store all the projects,
allowing students to log into their account and continue their work anytime and anywhere
(Shih et al., 2014). AIA provides databases, geolocation, intents to other apps, audio and
video contents and other features (Schinkel et al., 2013). The concepts of lists and lists of
lists are similar to what other computer languages call arrays and multi-dimensional
arrays, respectively (Soares, 2014). The TinyDB and TinyWebDB components allow for
persistent storage using simple key-value pairs. Direct data storage on the device is
achieved by TinyDB, while access to web information sources and shared databases, is
done by TinyWebDB. The TinyWebDB component is significant because as students feel
more empowered, creative, they often want to make applications that access web
information (Wolber, 2011). AIA has also support for Google Fusion Tables so students
can create tables, which can modify with SQL-queries (Schinkel et al., 2013).

AIA is not perfect. It is still limited compared to a normal programming environment.
It does not allow creation of new components (new classes) and does not allow control
over the priorities of events (Schinkel et al., 2013; Soares, 2014). In addition, although it
is easy to create simple programs, it is tiring and time consuming when it comes to ones
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that are more complex. In large projects with a lot of procedures and variables, it is hard
for a student to maintain them, because there are no hierarchies, except the option to
minimise the procedures (Schinkel et al., 2013). Additionally, AIA does not currently
offer any searching features so someone must shuffle through the blocks of the entire
program to find a piece of code. AIA does not currently offer a means of sharing projects
or replicating/reusing parts of code across projects such as Scratch. This is extremely
inefficient, and inhibits students from reusing block code in multiple projects and sharing
blocks code with others (Chadha, 2014). Only recently, the MIT Center for
Mobile Learning has made the App Inventor Community Gallery available, which
is an open-source repository of apps created with App Inventor (http://classic-
gallery.appinventor.mit.edu/) (Soares, 2014). From a purely programming point of view,
there is no opportunity to define a local variable except in ‘for each’ and ‘for range’
loops. Only recently, a student who wants to use a procedure in several screens has the
ability to copy the blocks in the workspace of another screen (Schinkel et al., 2013) but
still cannot access procedures from another screen. Another drawback is that the
maximum size of a project is only 5 MB. Larger projects will not be compiled. In fact,
projects larger than 5 MB can be compiled if the advanced student uses a tool called
AppToMarket (https://code.google.com/p/apptomarket/). Although AIA block language
eliminates many syntactic errors, runtime errors are still very common, especially
index-out-of-bounds errors. AIA1 has two features to support students to debug them: Do
It and watch. AIA2 has only the Do It feature. It would be useful to keep track of all
variables, like Scratch (Okerlund, 2014).

Educators and learners are a primary audience for AIA as it is first and
foremost an academic project (Pokress and Veiga, 2013). As a good introduction to the
object-oriented paradigm, it provides a good foundation for acquiring more advanced
computing skills in Python and other languages (Morelli et al., 2011). Additionally, in
order to give novice programmers some “practice reading code in textual form [to] help
their transition to more advanced programming courses” developers of MIT have created
the App Inventor Java Bridge, a library that allows integrating AIA components into apps
created in Java and Android SDK (https://code.google.com/p/apptomarket) (Soares,
2014). Similarly, there is also a tool for converting AIA block code to a pseudo-Python
textual language (Chadha, 2014). As a result, college and high school faculty have
successfully used App Inventor in their classes, for over four years (Meerbaum-Salant
et al., 2010; Wolber, 2011; Morelli et al., 2011) and there is a new CS Principles course
based on AIA (Pokress and Veiga, 2013). AIA1 users with 1.4 million unique e-mail
addresses have made over 3.5 million projects, and AIA2 users with nearly 1 million
unique e-mail addresses have made over 2 million projects (Turbak et al., 2014a, 2014b;
Okerlund and Turbak, 2013).

5 Similarities — differences Scratch and AIA

Many common programming errors are reduced for novice programmers by block
languages like App Inventor and Scratch. This is accomplished by providing visual
guidance for choosing, setting up, and understanding program structures (Okerlund and
Turbak, 2013). Both programming environments are meant to introduce programming to
those without prior experience and, as a consequence, the two environments share many
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of the same designed goals. App Inventor and Scratch support graphics and sound and
strive to engage the users by allowing them to write programs about things that connect
with their interests in contrast to more conventional programming instruction where
examples might be things like generating prime numbers or sorting a list of numbers
(Utting et al., 2010). In this respect, AIA is comparable to Scratch as it aspires to make
programming enjoyable and accessible to beginners. The difference, and perhaps an
important reason for the attention it has gained, is that App Inventor lets student create
apps for smartphones. Due to the widespread use of mobile devices among youngsters,
students perceive programming for mobile devices to be more useful and important
(Nikou and Economides, 2014). The result is that ATA engages younger students in
computing (Morelli et al., 2011).

While both systems allow media to be imported, Scratch includes tools to draw
images and record sounds. Moreover, in Scratch it is much easier than AIA to share
projects. One of Scratch’s main strengths is its popular project gallery where thousands of
users share their projects and codes. AIA’s website support for an app gallery lacks
productivity compared to Scratch due to AIA’s current inability to copy blocks between
projects (Roy et al., 2012). AIA needs an easily available media library like Scratch,
which allows social interaction and peer sharing among its users (Roy, 2012).

Although AIA aims at involving older students than Scratch, it also focuses on
self-directed learning, and emphasises tinkerability too. Scratch and AIA are intended to
be the means to introduce programming before (or perhaps in) CS1. Scratch has been
used as an introduction to both Alice and Greenfoot (Maloney et al., 2010). AIA has been
used as an introduction to Java. Command execution in both languages results to visible
reactions of reified objects. For example, size, rotation and position of the objects can be
changed. High-level commands and hidden low-level details (interaction loop, graphics
primitives and display redraw) are also supported by both systems (Utting et al., 2010).
The AIA command set is planned to promote a broader diversity of project types than
Scratch. AIA and Scratch strive to eliminate gratuitous difficulties, by removing syntax
issues, allowing users to concentrate on more important problems, rather than merely
struggling to compile their program (Maloney et al., 2010; Utting et al., 2010). In Scratch
runtime error messages are avoided through fail soft commands, while a carefully
designed concurrency model avoids race conditions (Maloney et al., 2010). In AIA,
runtime errors are more common, especially index-out-of-bounds errors due to support of
lists and lists of lists.

The AIA’s notional machine might surprise readers familiar with Scratch. Scratch has
a multi-threaded model in which multiple events can be executed at the same time
(Resnick, 2012). AIA has a single-threaded processing model in which only one event
handler can be executed at a time. As in AIA, event handlers associated with components
initiate all computation and if an event handler executes for a long time, the entire
application will appear to be frozen as the system waits for that handler to complete
(Resnick, 2012). Unlike Scratch, there is no interleaving between actions within loop
bodies in different events in AIA. When the sprite moves, it jumps to its final position
without any animation; the single-threaded nature of App Inventor prevents updates to
the user interface while an event is running (Turbak et al., 2014a).
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Table 1 Differences-similarities in pedagogical characteristics between AIA and Scratch

Pedagogical characteristics

Description AIA Scratch
Computational thinking Yes Yes
Accessible and powerful Yes Yes
Problem-driven learning Yes Yes
Motivational potential Yes Yes

Embedded social features No Yes
Learnability Yes Yes

Target Novice users Novice and advanced users

Scratch has a single-window user-interface design with all the key components always
visible. On the other hand, AIA interface has three main components. In Scratch, the
execution of the code is visible as the executing code blocks have a white outline to
denote that they are active. In AIA code, object mapping is not as obvious (Roy, 2012;
Roy et al., 2012). The initial setup for Scratch is very simple. Installing is just a matter of
downloading the appropriate binary file from the Scratch website. On the other hand, the
setup for AIAL1 is slightly more complicated as it uses Java (Roy et al., 2012). In AIA2,
the initial setup is simpler. As both versions require the Android Debug Bridge (ADB)
drivers for interfacing with the device, it could be hard to find the ADB driver for a
particular phone or tablet (Roy, 2012) especially for cheaper not well-known brands.

The similarities and differences between AIA and Scratch are presented in the
following tables in terms of their pedagogical characteristics and features.

Table 2 Differences-similarities in features between AIA and Scratch
Features

Description AlA Scratch
Classes No No
Inheritance No No
Sharing sprites No Yes
Procedures Yes No (SNAP! Yes)
Recursion Yes No (SNAP! Yes)
Lists Yes No (SNAP! Yes)
Databases Yes No
First-class functions Yes No (SNAP! Yes)
Multi-threading Yes (Scratch threading model) No

6 Evaluation of AIA and Scratch

For the evaluation of AIA and Scratch as tools to facilitate programming learning for
novices, we conducted a four-month teaching intervention, which included two
experimental groups and one control group (Papadakis et al., 2015). The sample
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consisted of 87 Greek students who attended classes in General and Vocational High
Schools in the region of Attica, Greece, during the 2014-2015 school year. 35 students in
the first experimental group were taught basic programming concepts using AIA and
34 students in the second group using Scratch. The control group (18 students) was
taught basic programming concepts with the use of a typical programming language such
as Pascal. In order to evaluate how the programming environment shapes the attitudes,
perceptions and beliefs of students in programming we used the computer attitude scale
(CAS) (Loyd and Gressard, 1984). Additionally, in order to evaluate the students
programming knowledge, we used the questionnaire programming knowledge (QPK)
(Kleinschmager and Hanenberg, 2011). The research process design included three
phases: a pre-test, a teaching-intervention and a post-test phase (Table 3).

The statistical data analysis was performed using the IBM SPSS Statistics for
Windows (version 23.0).The standard level of significance used to justify a claim of a
statistically significant effect was 0.05.The three groups were equivalent in terms of
age(F(2, 84) = 0.65, p > 0.05), gender (}*(2) = 1.01, p > 0.05) and knowledge in basic
programming concepts (F(2, 84) = 0.82, p > 0.05) as well as their attitudes towards
programming (F(2, 84) = 0.65, p > 0.05). For the implementation of the teaching
intervention in the three groups, we used the same learning scenarios, which were created
specifically for the purpose of the research.

Table 3 The research design

Experimental and Pre-experimental Experimental Post-experimental
control groups procedure procedure procedure
Experimental group 1 Pre-test Teaching intervention Post-test

experimental group 2

Control group

In order to compare the performance of students in CAS and QPK before and after the
experimental intervention we used the paired samples t-test with Bonferroni correction.
The results indicated that all groups made some progress in their behavioural
characteristics and programming achievements over time. The only difference that was
found to be statistically significant was between the performances of children in each
experimental group (Table 4).

Table 4 The results of the analysis in students’ performance in CAS and QPK per group

Experimental group 1 (AIA) CAS t(34)=-5.61, p <0.05*
QPK t(34) =-7.34, p < 0.05*
Experimental group 2 (Scratch) CAS t(33) =—4.01, p <0.05*
QPK t(33) =-5.49, p < 0.05*
Control group CAS t(17) =-2.30, p > 0.05*
QPK t(17) =-3.32, p> 0.05*

Note: *Based on Bonferroni correction when p < 0.016, then p < 0.05.

In addition to the final performance, it was considered useful to investigate the effect of
the experimental intervention on the degree of improvement in children’s performance in
attitude and programming ability (Table 5). According to the results, the greatest
improvement in CAS and QPK was demonstrated by students of the first experimental
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group (AIA), followed by children of the second experimental group (Scratch), while the
worst improvement was demonstrated by children of the control group.

Table 5 Means (M) and standard deviations (SD) of the magnitude of the improvement of
students performance

M SD

CAS  Experimental group 1 7.58 4.35
Experimental group 2 4.32 4.04

Control group 3.20 3.01

QPK  Experimental group 1 8.13 5.28
Experimental group 2 4.25 4.16

Control group 3.01 2.80

The results of separate ANOVA indicated that the effect of the intervention on the degree
of improvement in students’ performance in CAS and QPK was statistically significant,
F(2, 84) = 24.71, p< 0.01 and F(2, 84) = 22.85, p < 0.01. The statistically significant
difference among the three groups necessitated investigating differences between the two
experimental groups and the control group, pairwise, using multiple Bonferroni
comparisons. The results of analyses indicated that at the end of the study the two
experimental groups outperformed the control group. In addition, significant differences
were found between the two experimental groups as the first experimental group (AIA)
outperformed the second experimental group (Scratch).

7 Comments on the results

The results of this study showed that the techniques of teaching programming using
Scratch and AIA contributed so that students significantly improved their performance on
the evaluation criterion of attitudes and knowledge in programming. Additionally, in the
condition where the teaching intervention with the use of AIA was applied, students had
better performance on both evaluation criteria compared to teaching intervention with
Scratch and the control group.

This study has some limitations. The duration of the teaching intervention was
relatively small. Moreover, empirical data from the school units is not generalisable
because of the small sample and its origin from one region of Greece. Nevertheless, since
in Greece there are not enough studies on the educational advantages brought by the use
of AIA in secondary education, we believe that the present research findings enrich the
syllabus. The results of this study are compatible with a variety of studies confirming the
superiority of AIA for teaching programming not only in novice programmers but also in
collegiate-level programming courses (Morelli et al., 2011; Wolber, 2011). In addition, it
confirms the potential positive impact of using smart mobile devices (smartphones and
tablets) in the educational process (Zaranis et al., 2013).
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8 Conclusions

App Inventor and Scratch strive to engage the novice programming students by enabling
them to act on projects, which hold more real life context (Roy et al., 2012) in contrast to
more conventional programming (Utting et al., 2010). Those NPEs have successfully
lowered the barrier of initial entry to programming satisfying the triplet of
low-floor/high-ceiling/wide-walls (Papert, 1980; Gudgial, 2004 as cited in Resnick et al.,
2009) as they are based on two critical and apparently opposing criteria: richness and
simplicity. As a result, both programming environments seemed to be attractive platforms
for engaging students at all levels in the computing curriculum, K-12 through university
(Morelli et al., 2011). Especially their combination, in an ITO/CS0O course is unique in
introducing fundamental concepts in computer programming and holds some promise as
an appealing course for both majors and non-majors.

AIA appears to be a more popular programming environment for use with learners in
the teenage group than Scratch because it fascinated them as they can create personalised
software for their most precious device, the smartphone/tablet, and literally augment their
own reality (Wolber, 2011). Being able to program real-world apps is highly motivating
to students and is the key to providing a successful first engagement, which ultimately
helps to broaden and diversify the pool of new coders (Turbak et al., 2014a). On the other
hand, Scratch possibly is the most appropriate for teaching young students or early
learners or being used in teaching curriculums where the main aim is the pleasant-
surface-know-how contact with Scratch and not the deep knowledge about programming.
Thus, for the teaching of programming, it is better to begin with Scratch in primary
school or the early junior classes and then move on with AIA in the next classes and
school levels. Taking into consideration the development of ScratchJr, a mobile version
of Scratch, which aimed at five to seven year olds we think that the combination
‘ScratchJr — Scratch — AIA — Conventional Language’ appears to be a very powerful
tool for teaching programming and computing fundamentals. Information technology
related majors, STEM fields, and non-majors highlighted the importance of young
people’s development as computational creators as well as computational thinkers.
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