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Abstract

End-user programming platforms allow end-users with and without programming experience

to build applications using a user-friendly graphical environment. This study reviews dif-

ferent types of end-user platforms focusing on the features obtained from previous end-user

software engineering studies: What You See Is What You Get(WYSIWYG), What You Test

Is What You Get (WTISWYG), how the learning by examples methodology is implemented

and how the performance of end-user programmers is increased through reusable code. The

study also establishes the difference between end-user programming platforms and tradi-

tional programming platforms based on the programmer’s interaction. In this report, a new

in-between category is defined as End-User Professional Programming Platform, which rep-

resents the end-user programming platforms that require the end-user programmer to have

a certain programming knowledge. Finally, the research discusses current trends and de-

fines new features for the future of end-user platforms, in particular the definition of a new

concept, which is What You SAy Is What You Get(WYSAIWYG).
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1.1 Introduction

End-user applications are on the rise nowadays given the potential savings for companies in

terms of costs. Much recent research has tried to find the perfect formula to make building

applications readily accessible to end-users [1] [2]. However, most of the available platforms

today have partially failed due to the thin line that separates end-user software engineering

from traditional programming software engineering.

End-user software engineering refers to allowing end-user programmers, those without a

programming background, the possibility of creating small applications that help them to

perform concrete tasks. Originally, the target applications were spreadsheets [3] hat users

could customize to optimize the time they spent on routine tasks. In [3], the authors show

that user applications have a different take on development than traditional applications.

While traditional applications are developed by a programmer whose objective is to build

applications following the principals of design, reusability and maintainability, end-user ap-

plications are created to perform a specific task in a specific moment. Furthermore, when

a traditional programmer builds an application, he/she has an overview of the objectives

and goals that the application has to meet before starting the development process and, of

course, the programming process is consistent with the software life-cycle. On the other

hand, end-users usually create applications, in most cases, without any planning, design,

modeling and not considering the maintainability of the application. These elements are

seen as threats due to the complexity added to the development process, which causes the

failure of programming the application.

Nowadays, traditional programmers have to address the challenge of creating end-user

oriented programming platforms that can implement complex features in applications, so as

to simplify the process of creating an application for end-user programmers. These platforms

are then incorporated into a framework that end-user programmers can use. The ideal

framework should meet all the end-user software engineering requirements, as well as add

the same values that traditional programmers can achieve using their technical knowledge.

In this study, a state-of-the-art of the current end-user programming platforms is pre-

sented by analyzing the different industry platforms available nowadays. The study focuses

on end-user programming platforms that allow end-user programmers to generate applica-

tions through graphical aids. There are three main categories of end-user programming

platforms:
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• End-User programming platforms: These are programming environments that

allow end-users without a programming background to build an application. These

platforms meet the features required by end-user software engineering and they are

designed to implement specific tasks.

• Professional or traditional programming platforms: his category refers to the

programming environments traditionally used by professional or amateur program-

mers. These platforms allow complex applications to be programmed, be it end-user

applications or any other kind of application. Furthermore, programming languages

are the corner stone driving programmers to achieve their objectives in these platforms.

• End-User Professional programming platforms: This category is somewhere in-

between the categories presented before. These platforms combine traditional program-

ming structures with intuitive layouts that meet several end-user software engineering

principals. Therefore, a certain level of understanding of programming concepts is

required in the category by end-user programmers.

There is a thin line separating what is considered to be traditional programming plat-

forms from end-user programming platforms. In this report we propose to establish this

line between both categories when an end-user programmer does not need any complex pro-

gramming concept to create applications. For instance, an end-user programmer could be

considered as a programmer that can create applications which contain complex architec-

tures or structures, such as databases and loops, without necessarily having the knowledge

required to implement these concepts. This means that the end-user programmers should

be able to create the database, fill it and use it, whilst remaining oblivious to the intricacies

of databases, by for example, filling out a form. This definition also covers instances in

which end-user programmers develop simple applications where no complex programming

structures are used and so, no programming knowledge is required. However, there are some

common features between end-user programmers and traditional programmers that make

the differentiation line between both types of platforms blurrier. For instance, it is common

for traditional programmers to reuse code from previously developed applications or from

examples. This technique can also be applicable to end-user programmers that could reuse

some previous applications. These common programming techniques were brought up in

previous studies such as [4], [3] and [5]. In [5], the authors state that end-user programmers

could produce concept maps from a single illustrative example and [3] states that, for end-

user programmers, to reuse code and learn by examples help them to succeed in their task.

Furthermore, [4] states that Liberman’s experiments concluded from his research tools on
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programming-by-example, that a combination of demonstration with explicit instructions to

end-users is the best way for them to progress favorably. [5]also shows that it is possible for

end-user programmers to plan before starting to program applications, proving that plan-

ning ahead helps them in the developing process. The authors have evaluated two groups

of users who were asked to create databases. One group was asked to plan in advance what

they were going to implement while the other group started the implementation without

planning ahead. The result of the study showed that planning helped end-user program-

mers to succeed more than the group which did not. However, the study also reported that,

when planning is not a requirement, most end-user programmers skip the planning phase.

For this reason, to create easy structures that implement complex modules within end-user

programming platforms is a challenge for traditional programmers. Nowadays, the devel-

opment environments for end-user applications have been focusing on establishing a set of

rules that users can follow to achieve easy and clean-cut applications. In [4], the researchers

state that end-users wish to become more active due to the success of Web 2.0. However,

there are a certain number of constraints that limit the possibility of implementing complex

functionalities as an end-user when the platform is more content-oriented.

The rising market of mobile applications for smartphones has established a deeply rooted

concept of associating icons with functionalities [4] It has also opened a new end-user pro-

gramming field that can be exploited focusing on the principals What You See Is What

You Get (WYSIWYG) and What You Test Is What You Get (WYTIWYG) [3]. In most

cases, the applications that can be developed with these tools have limited functionality.

This means that, due to the fact that end-user programmers are not expected to have pro-

gramming knowledge (some of them could have), end-user programming environments allow

users to choose between templates which can be easily modified and customized to create

the specific application that end-user programmers are looking for.

The number of desktop users has been growing more slowly than mobile users for the last

seven years [6]. For this reason, companies that used to offer end-user web platforms have

changed the focus of their services from end-user web platforms, where end-user programmers

can create their own web-site to advertise their company, to end-user hybrid web and mobile

platforms. The technology used to implement this new end-user hybrid platform shares

almost the same attributes than the previous end-user web platform as it is considered an

evolution from the previous one. This end-user platform meets various end-user software

engineering requirements that will be explained further in this study.

There has been an increase in popularity of the mobile sector since 2007, when the

iPhone was released by Apple [7] with iOS built-in and Android OS was presented [8] (the
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first Android phone was released in 2008). The interfaces of these operating systems have

taken end-user software engineering to the next level of KISS (Keep it Simple, Stupid). The

platforms analyzed in this study combine a programming environment for end-users with

the simplicity of the current mobile platforms. However, some platforms offer more complex

functionalities that blur the boundary between end-user platforms and traditional program-

ming platforms. These applications are catalogued as End-User Professional programming

platforms, where a user can create applications using either end-user platforms with enhanced

functionalities and/or with traditional programming platforms. End-user Professional pro-

gramming platforms allow users to program complex applications using end-user interfaces

but, on the other hand, end-users need to have some programming knowledge, which was

not required in pure end-user platforms.

The platforms have been reviewed according to the main concepts of end-user software

engineering:

• What You See Is What You Get (WYSIWYG)

• What You Test Is What You Get (WYTIWYG)

• Programming using examples or learning by examples

• Reusable code

The study is structured as follows. The Evaluation Section reviews five different platforms

in depth. The Discussion Section presents a discussion of the end-user platforms analyzed

as well as defining the concept of What You Say Is What You Get (WYSAIWG). The

Conclusion Section . These applications will differ from the current end-user applications

due to the dimension of the devices.
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1.2 Evaluation

This section presents some of the representative platforms available in the market covering

both, end-user platforms and end-user professional platforms. At the end of this section,

some alternative platforms to the ones analyzed are presented and classified, but no in depth

analysis is provided.

1.2.1 Como

Como [9] is an end-user design platform for mobile applications, based on templates. This

is a layout building platform which allows users to create small applications quickly. These

applications show information and contain small interaction features. The target of this

platform is basically to create an application for a company. Most platforms for creating

mobile applications share similarities with web platforms that allow users to build their own

website using customizable templates. This is the case of Como, which offers customizable

templates that can be filled out with specific information regarding the topic of the appli-

cation. Como attempts to provide some complex functionalities by offering a template that

can connect the application to specific Amazon store products. However, this template is in

a beta version and could present security vulnerabilities.

Como’s programming environment provides a clean-cut and easy to use interface, which

is one of the strengths of this application. Como allows the application to be viewed in a

smartphone simulator so the tool can be categorized as a WYSIWYG platform. Moreover,

the user can test the functionalities of the application, which makes Como a WYTIWYG

application as well.

From the end-users’ perspective the platform can be somewhat confusing as it provides a

large number of templates. However, once the template is selected, the way Como presents

the options simplifies the configuration task. Como achieves this by providing the end-user

with dynamic feedback in the form of ”tips” within the emulator which help the end-user

in the development process. It also includes a ”question mark icon” that shows more tips.

Therefore, Como does not meet the requirement ”learning by examples” mentioned before,

since it does not clearly provide the end-user programmer with example applications. Fur-

thermore, it is not possible to create templates from scratch either. Instead, it is mandatory

for the application to fit into one of the categories and navigation frameworks available.
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Figure 1.1: Como: Initial window of the end-user programming platform and a customizable

form of one of the components included into the app

It is important to note that it is possible to visualize the application in multiple platforms

such as Android, iPhone, Amazon kindle Fire and HTML5. Finally, applications cannot be

reused since it is not module-oriented and does not provide end-user programmers with a

support community to share problems or exchange new templates.
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1.2.2 App Inventor

App Inventor is a tool created by MIT [10] that combines end-user programming principals

with traditional programming principals. This platform is classified within the End-User

Professional Programing category due to the programming knowledge required to create ap-

plications. End-user programmers of App Inventor are required to have specific knowledge

in order to use the platform, or at least, to know about the different existing programming

structures such as loops, object-oriented methods, etc. The environment presented in App

Inventor could be also catalogued as a layer in-between traditional programming and end-

user programming, mainly focused on developing Android applications. The platform offers

different graphical structures and a more abstract perspective than traditional program-

ming environments, such as Android Studio [11] or Eclipse [12], in order to create mobile

applications.

The tool is composed of a main canvas where the user can drag and drop components

from a list and a secondary canvas where the user can program the functionalities of the

application. Since this tool is focused on the layout, the task of programming is very intuitive

in both canvases. Each component must be given a specific behavior. Each component’s

behavior is established within the secondary canvas, which contains a list of behavior blocks

in the form of programming structures such as loops, conditionals, etc. As it is shown in

Figure 1.3 (which represents some artefacts of the secondary canvas), there is no need for the

end-user to know a specific programming language, but being familiar with programming

structures is essential.

In order to program an application, the end-user programmer first selects the software

artifacts from the main canvas. After that, the end-user programmer moves to the secondary

canvas and chooses the behavior for each component using the programming blocks.

It is important to notice that one of the strengths of App Inventor is the possibility of in-

cluding complex elements in the applications. These elements are catalogued as ”non-visible

components” and their main contribution is to enhance the applications’ functionalities. For

example, an end-user programmer can introduce multiple screens in the application as well

as sensors, such as accelerometers, or use different input methods like the camera. In the

main canvas shown in Figure 1.2, there is an example of an application under development

where the ”visible components” are displayed within the screen simulator and the ”non-

visible components” are shown beneath the screen. In this case, the platform informs the

end-user programmer that the ”non-visible components” are active in this screen. These two

categories are very helpful to the end-user programmer since it distinguishes which are the

components performing the tasks (non-visible) and which ones trigger the tasks (visible),
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which makes the debugging process easier.

Figure 1.2: App Inventor: Main canvas of the platform where the end-user programmer

place the application components

Figure 1.3: App Inventor: Secondary canvas where the end-user programmer programs the

components’ behaviour of the main canvas through blocks
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Another important asset of the platform is the infrastructure built around it that helps

users in various ways. For example, the platform is backed by a community of develop-

ers and good tutorials are provided. These tutorials meet the requirement ”learning using

examples”, providing an overview of the multiple options the platform provides to build

small applications. The tutorials come in various formats, such as pdf documents, video and

ready-made applications, that allow the end-user programmers to choose their own learning

method. The platform presents both features WYSIWYG and WYTIWYG. Therefore, since

the development process involves traditional programming (even if it is done through the

use of graphical blocks), there could be some cases where the WYTIWG property would not

be met because end-user programmers could make mistakes while programming.

On the other hand, one of the disadvantages of the platform is the fact that, in order to

test the application directly on the Android smartphone, the installation of an application

provided by App Inventor is required. However, the end-user programmer is not informed

of this. Instead, the end-user programmer has to troubleshoot the problem of loading the

testing environment on the smartphone. The testing environment provided by App Inventor

binds the computer with the phone either using a physically or through a wireless connection.

It creates HTML5 applications that change dynamically on the smartphone, based on the

changes done by the end-user programmer to the application, which provides a realistic

feedback to the programmer.

Some IoT-related functionalities are implemented in App Inventor. Certain elements

within the platform provide connectivity to Lego Mindstorms sensors. This particular feature

makes this platform one of the few that natively allow the building of applications that

communicate with outside systems.

Making use of App Inventor requires the end-user programmer to learn how to use the

platform properly, which can deteriorate the experience. This particular aspect could be

an issue since one of the objectives of developing these types of platforms is to make the

learning curve faster and smoother for the user. The platform is good for fast-prototyping

but is not the optimal solution for developing elaborate applications since it does not offer a

vast number of libraries, which traditional programming languages do. Finally, the reusable

feature of the platform is clear due to the fact that the platform is module-oriented. All the

code and views generated are available for future applications.
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1.2.3 BiznessApps

BiznessApps platform [13] shares some similarities with Como. It offers some templates that

can be easily customizable. The main template layout is static and can be customized to

include several features. However, interaction with the end-user programmer here is different

compared to Como. BiznessApps includes tabs and a progress bar that provide feedback to

the end-user programmer about the step of the development process the end-user currently

is in. This technique can arouse the end-users curiosity [14], motivating them to continue

programming until the application is complete, and it can also increase the feeling of success

experienced by the end-user programmer [5].

BiznessApps could be defined as a tab-oriented platform since each tab focuses on a

specific feature of the development cycle of the application. In parallel, the progress bar

shows how much of the application has been built based on the tab the user is in. The

progress bar feature can be, at times, also confusing as the time that must be spent on each

tab can vary. Therefore, there is no exact knowledge of how much longer it will take for

the end-user to finish the application based on the progress percentage. In other words, the

progress bar only states the number of tabs, in percentage, the end-user has gone through.

This platform is also different from Como in terms of the customization freedom afforded

by BiznessApps when it comes to the templates. In this platform, it is possible to change

the structure of the templates as well as the configuration. However, as the picture below

shows, it presents too many configuration possibilities some of which can be irrelevant to

end-user programmers. This platform focuses on providing great customization capabilities

of the appearance of the application, while the functionality afforded by the platform is very

limited.
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Figure 1.4: BiznessApp: Template selection with dynamic interaction thorugh the smart-

phone simulator in the left figure. The content tab where the end-user programmer can

introduce custom information through form filling. The progress bar is located upper the

form

This application is catalogued more as a WYTIWYG since there are many options avail-

able, which makes testing the application to see the result essential. For an end-user pro-

grammer, the number of options could be overwhelming, but some of these options are very

useful. For example, when an end-user programmer wants to include content, like an image,

the platform generates a pop-up window asking whether the user wants to crop the image

or dismiss the action if it does not fit in the template selected. BiznessApps lacks examples

to teach end-user programmers how the platform operates. This feature is not as important

as it was in the Como platform since building an application in BiznessApps is a guided

experience, as has been mentioned before.
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1.2.4 GameSalad

Previous research has tested easy videogame programming solutions before, focusing on

portability. In [15] tthe authors have tested how many lines of code from a desktop game

could be reused in mobile platforms. For this purpose, they have evaluated four different

traditional programming platforms (Java ME, Java FX, .NET CF, Flash-to-Flash Lite) test-

ing how easy it was to migrate this application to a mobile platform. The authors concluded

in this study that Java ME is the most suitable for this purpose. It is based on the axioma

”write once, run anywhere”. However, the report also shows that Java FX Mobile and Rich

Internet Applications (RIA) permit users to reuse Java back-end code supplemented by a

declarative syntax of the JavaFX Script language for GUI development. The authors claimed

that for those users with no programming background, such as designers and graphic artists,

it is possible for them to create graphical front-ends for mobile applications. If no back-end

code were involved in this scenario, then Flash’s Lite ActionScript would be more suitable

than Flash or Java. The results of the study also show that the existing fragmentation within

different platforms, such as Android, play an important role where these solutions would not

succeed completely due to incompatibilities.

The different technologies presented in [15], in combination with an increase in the pop-

ularity of gaming applications in the mobile industry [16][17] have opened a new sector for

companies, like GameSalad, that offer end-user programmers a platform where they can

create their own videogames.

GameSalad [18] is a platform different from the rest. The aim of this platform is to pro-

vide a friendly environment for end-user programmers to create videogames. The platform

developers state that using GameSalad, end-user programmers do not need to have pro-

gramming knowledge to develop a videogame. However, some knowledge is required since

there is a section called Rules that define the behavior of the application based on certain

programming concepts, much like App Inventor does. For this reason, GameSalad can be

classified in the group of End-User Professional programming platforms. In addition, end-

user programmers have to install a program in their computers whereas previous end-user

programming platforms were available as web-based platforms.

From a traditional programmer’s perspective the platform offers a good combination of

layout canvas and documentation for application development. On the other hand, from

the end-user programmer’s perspective, the problem resides in the amount of information

available and the complex steps that an end-user programmer must know about in order to

develop an application. This, in combination with a less intuitive layout canvas compared

to previous platforms, can overwhelm inexperienced end-user programmers that may fail in
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achieving their objective of developing a videogame.

The platform provides the possibility of creating applications based on examples. There

is a rich community of developers, where end-user programmers can interact with each other

as well as with the developers of the GameSalad platform. The platform has a section called

roadmap which explains how the challenges of the company are addressed and which are

the new and upcoming features that will be offered by the platform based on the feedback

obtained from the community. GameSalad is more of a WYTIWYG than a WYSIWYG

platform due to the complex functionalities that are implemented, which are not shown

explicitly, and the necessity to test the application several times. However, the end-user

programmers cannot test the application dynamically as was the case in previous platforms

presented in this study, because the platform does not provide this option. This means that

the end-user programmer cannot be sure that the components introduced in the application

are exactly the ones he/she needs until the application is tested.

Figure 1.5: GameSalad: The figure shows the preview of the game and the rules that can

be programmed in each moment. The time of the figure corresponds to the default status

at the beginning of the development
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1.2.5 Satin

Satin [19] is a prototype development platform to build web and mobile applications. The

platform focuses on Internet-of-Things (IoT) applications that can be easily generated us-

ing predefined modules. The platform can be classified within the End-User Professional

Programming category. This platform is unique as it provides two different programming

approaches. On the one hand, there is a traditional development approach where tradi-

tional programmers can create their own modules based on widely used web application

programming languages such as HTML5 and JavaScript (back-end). On the other hand,

Satin presents a user-friendly canvas for end-user programmers who can create their own

applications (using the modules previously programmed by traditional developers), without

needing to have a programming background (front-end) [20].

The architecture of Satin presents a high scalability potential since it is a module-oriented

platform. A module is considered to be a piece of code that performs a predefined function.

For example, there is a module ”button”, where the back-end has been previously pro-

grammed using traditional programming techniques to perform the action of ”triggering”

and the front-end is presented as an intuitive item with a button-like shape that can be

dragged and dropped by the end-user programmer onto a canvas to make it part of the

application[21]. The difference between Satin and similar platforms, such as App Inventor,

is that in Satin, all modules have a predefined behavior that has been previously programmed

by traditional programmers, whereas in App Inventor, the end-user programmer must pro-

gram the software items adopting both roles simultaneously, that of an end-user programmer

and of a traditional programmer. This means that end-user programmers with no ability or

wish to create their own modules are limited to making use of the modules that are available.

However, the potential to create their own applications without programming knowledge is

there, provided the right modules are present.

The canvas is the main element of the platform which allows programmers to create

applications [1]. The modules to create an application are nested within an outliner. These

modules are used via ”drag-and-drop” from the outliner, where all available modules are

located, onto the canvas. Each module could have several inputs and outputs. Once a

module is placed in the canvas, the end-user programmer can click on the modules inputs

or outputs to see which of the available modules would be able interact with that particular

connection. The canvas also provides feedback to the end-user programmer through a mobile

simulator, as other platforms do, such as Como or BiznessApps. However, in Satin, the end-

user programmer cannot make many decisions regarding the application’s layout. The reason

for this is that the developers of the IoT-oriented Satin platform have chosen to concentrate
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on the functionality versus the customization of the layout. The platform offers several

modules that interact with databases which contain sensors’ data. The applications that

can be developed provide to the end-user data extracted from those sensors.

Due to the fact that Satin is a prototype platform developed by different partners, certain

features seem to be lacking when compared to other platforms available in the market. For

example, the platform does not meet the ”learning by examples” feature. There is a section

where the end-user programmer should have access to demo applications, but it has not been

implemented yet. Even though the platform is very intuitive and easy to use for an end-

user, at the beginning of the development process, using it might be slightly confusing. There

are several helpful tips to help the end-user programmer in the development process such

as, a description of each module, a dynamic compiler that checks the compatibility of the

connections between modules and the phone simulator mentioned before, which represents

the layout of the application. However, the inclusion of a small tutorial that guides the

programmer through the different elements, as other previously analyzed platforms do, would

be valuable for the end-user programmer. It should be mentioned that the platform has a

help section where the development process is briefly explained, step-by-step. Furthermore,

internal ongoing Satin reports show the effort put into the platform’s design. For instance,

the ”SATIN2 SATIN platform core technology” report includes detailed documentation of the

platform and ”Summary of User Studies and presentation of the SATIN platform” presents

the process followed to design the front-end.

The end-user programming-oriented aspect of the Satin platform can be placed within

the visual programming group mentioned in [17 - 19] through [4]. In this group, high level

functionalities are linked to icons, which is the case of the modules in Satin. In [4] the authors

have pointed out that non-programming users feel comfortable with sketch-based systems,

where they can focus on the application and omit details about traditional programming. For

this reason, the end-user programming side of Satin meets the WYSIWYG and WYTIWYG

attributes. Due to the complexity of the modules, there is a need to test the functionality

as part of the development process, meaning Satin represents the WYTIWYG attribute

especially.

The ”reusable code” feature is patent in both the back-end and the front-end side of

the platform. In the front-end side, all modules can be used by the end-user programmer

as many times as it is required. The back-end side works as traditional code that can be

reused by a programmer to develop some other module with similar characteristics. There

is potential for a community behind the platform, though currently only the back-end side

of the platform is represented. There is no connection to the front-end side of the platform,
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where end-user programmers could also need support. However, since the Satin platform is

very much in the prototype stage, there is no active community as such for now.

The platform also provides a list of the applications that have been uploaded by other

end-user programmers, so these can be reused in the future. However, there is no guarantee

that those applications work properly.

Figure 1.6: Satin: The first figure shows the end-user programming platform (main canvas)

with a small built application. The second figure presents the front page of the satin editor

where last created applications appear and some platform instructions
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1.2.6 Other End-User platforms

In the market there are various platforms that are similar to the ones presented before.

Each platform has different ways of presenting the available options to end-user program-

mers. The common feature among those platforms is the attempt at creating a system where

the end-user programmer can feel comfortable developing applications and can do so easily.

Therefore, each platform has its own drawbacks when it comes to presenting the available

content to the end-user programmer. Several platforms present written documentation about

all the options available in their platform, whereas others offer tutorials guiding the end-user

programmer through the basic knowledge required in order to use the platform. For instance,

while Como offers some tips to the end-user programmer, AppMkr [22] offers video tutorials

during the development process. It also contains a tab bar that helps the end-user program-

mer to navigate through the different steps of building process of the application (similar to

the one provided by BiznessApps). AppMkr uses a canvas within a mobile simulator (after

a template has been selected) where the user can drag and drop components from a fixed

list. The elements can be customized and complex functionalities can be introduced, such as

the possibility of including a chat room, a documents’ folder, etc. These components could

be placed wherever in the canvas, whereas in other platforms such as Como, they are fixed

to a particular place. Even though it includes modules that perform complex functions, it

is not possible to create new components like in Satin. In this sense AppMkr fits better in

WYSIWYG than other platforms, especially because of the layout customization. Another

reason for this is that the components perform isolated actions, so testing is unnecessary

since those actions are predefined.

Figure 1.7: AppMkr: The first figure shows an overview of the programming platform where

the user can place the elements that will belong to the application. The black figure shows

working tips the end-user programmer and the video turoial is presented in the figure below

20



he majority of the platforms analyzed do not address the reusability of the code properly.

Reusable code is extremely important to end-user programmers since it simplifies the devel-

opment process. In addition, reusing code and learning by examples increases the feeling of

success in end-user programmers [5] , and they can build applications more easily. However,

most of the platforms presented in this study have centered their efforts on the layout of

the application versus focusing on the underlying functionality. There are some platforms

such as iBuildApp [23], AppyPie [24] and AppsBuilder [25] which are similar in terms of

functionality to Como or AppMkr, but their focus lies in adversiting the use of their own

application stores. On the other hand, there are platforms like EachScape [26] that pro-

vide a traditional programming environment while introducing intuitive tools to modify the

application layout.

The AppMachine [27] platform presents a block structure with visible components and

non-visible components. This platform could be located somewhere in-between App Inventor

and Como, in terms of the functionality offered. After choosing an initial template with the

navigation layout, a canvas is presented. Like Satin, the canvas would nest the blocks that

will be incorporated into the application. There are two types of blocks, the elements that will

appear in the application (WYSIWYG) and the blocks with functionalities (WYTIWYG).

The customization possibilities of AppMachine are bigger than in Como. However, the end-

user programmers background is a crucial factor when it comes to making good use of this

platform.

Figure 1.8: AppMachine: The figure displays a small group of available blocks as well as the

smartphone simulator where the ongoing application is presented
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1.3 Discussion

In [3] it is mentioned that Nichols and Lau [2008] and Macias Paterno [2008] describe a system

that allows users to create a website from which a mobile application can be obtained. This

is the case of several platforms analyzed in this report such as Como, App Inventor or Satin.

These platforms provide the final application back to the end-user programmer, programmed

in HTML5 and JavaScript. The main reason for this is that these programming languages

have been used as a way of converging the mobile and desktop environments. However,

some of the analyzed platforms in this study also offer the alternative of having the resulting

application in native code, such as in Android OS or iOS. It should be noted that all of

the platforms that provide the feature of converting the application to native code, require

the end-user programmer to pay a fee for the conversion. This alternative can be useful for

applications that implement complex functionalities, since they will be much more efficient

when running in native code. Titanium Appcelerator [28] is one of the available tools in the

market that claims to convert an application coded in HTML5 into a native Android OS or

iOS application. However, these types of tools generate hybrid code which does not offer the

same advantages as native code [29],[30].

Another common feature, among most of the platforms analyzed, is the integration of a

simulator where end-user programmers are able to test the ongoing application. Furthermore,

some of the platforms presented in this report allow the end-user programmer to test the

application in real devices as is the case of Satin and App Inventor. The most common

method to test these applications in a mobile device is to use a URL, which will launch an

HTML web application in a web browser of either a mobile phone simulator or a smartphone.

This feature allows the application to adapt to each platform and device.

The majority of the platforms analyzed in this report meet the features WYSIWYG

and WYTIWG. Most of these end-user programming platforms present an interactive layout

(canvas) where the end-user programmers can create their own applications. Visual tools,

such as icons and jigsaw pieces, are used to represent components that the end-user pro-

grammer can manipulate to create an application. Sometimes, handling these components

properly requires the end-user programmer to have a certain amount of knowledge about

programming structures. This is apparent in platforms such as App Inventor or Scratch [31].

On the other hand, the features ”learning by examples” and reusable code have not

been following the same trend. It can be concluded that there is a tendency to implement

WYSIWYG and WYTIWYG features by offering icon interaction and form filling in end-

user programming platforms. However, there is a disparity in the way the ”learning by

examples” and ”reusable code” features have been implemented. Regarding the ”learning
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by examples”, some end-user programming platforms have not included it, while other plat-

forms have presented a good implementation approach by using documentation, tutorials or

demo applications. The ”reusable code” feature is not similar among the different platforms

analyzed. In fact, there is a group of end-user programming platforms that do not provide

this feature as part of the platform. Another group of end-user programming platforms al-

low end-user programmers to create their own end-user applications using previous work or

applications developed by other end-user programmers. This feature has been implemented

better in those end-user programming platforms that have a community of developers, where

the programmers can share knowledge and applications as well as resolve issues.

There is a constant evolution in end-user applications, because mobile platforms are so

prevalent nowadays. Several vendors are trying to unite mobile and desktop platforms into

a single type of platform. This is the case of Microsoft that has recently presented the new

Windows 10 for both desktop and mobile platforms in a keynote [32].

Furthermore, there is an effort to try to adapt systems to the user. Voice recognition

is implemented in smartwatches and smartphones, which have forged another type of end-

user application. These end-user applications interact through voice commands rather than

through icons. Voice recognition is a new form of input to an application, which means that

this feature will have to be included in end-user programming platforms to stay in line with

application trends. This new feature has been defined by the researchers of this study as

What You SAy Is What You Get (WYSAIWYG). Future end-user programming platforms

should allow end-user programmers to create their own applications by stating roles and

actions to define the application the end-user programmer is attempting to create. This

new feature has been used in various systems with relative success. The rise in popularity

of smartwatches, which have very limited screen sizes, has boosted the development and

improvement of this technology by companies such as Google, Microsoft, Sony, etc. Moreover,

car vendors are installing touch screens for end-users to interact with the car, which improves

the functionalities [33] available to an end-user and increases security. In this sector, voice

interaction is gaining notoriety, since it would be a very relevant advancement in terms of

functionality to the end-user as well as an enormous step towards ensuring driver safety.

Safety would improve, since drivers would be able to focus on driving and would interact

with the car through voice commands.

IoT is also a relevant sector given the sheer amount of information provided by the large

pool of sensors available. There is a need for end-user applications to obtain the relevant

data and present it in a user-friendly way. There are some companies that offer IoT-related

end-user programming platforms such as ThingWorx [34] or IBM Mobile First [35]Current
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IoT frameworks present some tradeoffs between offering complex modules and making the

end-user programming platform easy to use.

In recent years, the eHealth sector has experienced a growing popularity due to the

trend of wearable sensors and smartwatches. These devices are supported with end-user

applications which present the vital signs of the users. However, the end-user applications

provided with these platforms offer a limited amount of options that might not fit with the

necessities of the end-user. Furthermore, each company offers its own platform to create

custom applications but these are only offered as traditional programming environments.

The enhanced reality built into smartglasses has become very relevant in the IoT sec-

tor since 2012 with the ongoing Google Glass project[36]. his device offers icon and voice

interfaces for the end-user to interact. Oculus rift [37] is another smartglass device that

implements similar icon interaction with the end-user to perform tasks. Recently, Microsoft

presented the HoloLens project [38] which attempts to inject icon interaction directly onto

the real world. The common attribute among these devices is the end-user communication

interaction techniques used. This trend generates a necessity to develop new programming

platforms which would offer new programming artefacts.

In the future, the integration of these devices (with the IoT devices previously mentioned)

could increase the emergence of end-user programming platforms. These would offer a series

of components or modules that would retrieve the data required by the end-user regardless

of the source. The business model could change as well. For example, it could be possible to

get rewards when sensors push data, that is, when contributing to the data pool and it could

also be possible to subscribe to specific metrics that are of interest to the end-user. These

subscribed metrics could be integrated into the end-user application through an end-user

programming platform using a ”drag and drop” system.

24



1.4 Conclusion

Nowadays, the end-user platforms available are a long way from meeting, what in this re-

port have been considered, ”the end-user software engineering attributes” for end-user pro-

gramming platforms and end-user professional programming platforms. After analyzing the

strengths and weaknesses of the current end-user platforms, we can conclude that the fea-

tures which have not been properly implemented across these platforms are ”learning by

examples” and reusable code. These can play a crucial role in the success of the end-user

programming platform. On the other hand, there is a trend in the way WYSIWYG and

WYTIWYG features have been implemented. There are two methods of implementation,

sometimes these methods are available simultaneously, other times only one of these options

is available. These two methods are form filling, where the end-user programmer can se-

lect the elements to include in the application and customize them, and the drag and drop

system, that improves the experience of the end-user programmer.

One of the contributions of this study is the definition of the new category called End-

User Professional Programming Platforms. The distinction between end-user platforms,

where end-user programmers require no programming experience, and End-User Professional

Programming Platforms, which combine traditional programming concepts with an end-user

programming platform that facilitates the development process, has been clarified.

The report has also presented a discussion regarding future trends in end-user platforms

and the feature What You SAy Is What You Get, has been defined by the researchers of this

study. This feature should be relevant in the future of end-user platforms due to the types

of devices being used nowadays.
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