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Introduction

Dyslexia is a language-based learning disability resulting in people experiencing difficulties
in reading, spelling, writing and speaking due to inability to differenfiate sound
components. These problems are sometimes accompanied by short-ferm memory
difficulties, a lack of organizational skills and time management issues which all have an
impact on learning. Dyslexia can occur regardless of age groups and in some cases;
dyslexics may have higher IQ level compare to others.

MyLexics is a courseware that was designed to help dyslexic children learn to read and
write in the Malay language. This project is collaboration between the Faculty of
Information & Communication Technology, UTeM and Malaysia Dyslexia Association. The
President of Dyslexia Association of Malaysia, Mrs. Sariah Amirin (1998 — present) is also the
subject matter expert in the development of MyLexics's contents.

MyLexics was developed based the ‘Dual coding theory'by Allan Paivio (Paivo and Begg,
1981)who suggested that a recall or recognition can be enhanced by presenting
information in both visual and verbal form, combined with the Scaffolding teaching
strategy (Wood et. al, 1976).— providing assistance to student on a as-needed basis, fading
it as the competence increases. The courseware content has been structured as building-
up process: The children learn the individual ‘alphabets’ and then combine the alphabets
to make ‘syllables’, finally they add the combined syllables to other syllables to form
‘words’. The implementation of stated principles via multimedia elements allows
independent and interactive learning, and yet engages the learners in interesting tasks.

MyLexics is expected to contribute to the development of teaching technology in Malay
language education for dyslexic children in Malaysia. This is aligned with the project by
Ministry of Education Malaysia (MOE) called Dyslexia Pilot Projects (DPP) that was launched
in March 2004 and currently being implemented in 30 government aided primary schools
throughout the country. Apart from DPP by MOE, Mylexics is also in line with teaching
activities conducted by non-government organizations, namely by the Kuala Lumpur
Dyslexia Association. It has undergone an acceptance testing. The feedback and positive
results from the dyslexic children at the center were very much promising.

Why MyLexics?

In Malaysia, it is estimated that 1 in every 20 students is dyslexic which means that each
classroom in every primary school has at least 1 or 2 potential dyslexics (Kuala Lumpur
Dyslexia Association, 2006). This is supported by the figures from the Ministry of Education
that there are approximately 315,000 primary school children in Malaysia are potentially
dyslexics. The courseware is not only benefits dyslexic children but also children with other
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types of learning difficulties such as autism and slow learner. Table 1 shows the comparison
between MylLexics and other similar products in the market.

Table 1. Product Comparison

Mylexics Other Products on the Market

The interactivity and non-linear technique | The linear-technique was adopted in most
adopted in this courseware offers flexibility | courseware and not suitable and in-

for parents and teachers in monitoring the | flexible for learning progress.

children learning progress.

The non linear structure of the contents Most CD promotes guided-learning which
allows flexible navigation. Unlike many not convenient to parents and teachers
other similar products on the market, this where they have to monitor the children
interactive CD promotes self-learning learning progress.

which is suitable for home and school.

Help using a video approach. Limited of help in a CD.

MyLexics is suitable for main stream Only suitable for those not having learning
children and those having learning difficulties children.

difficulties such as dyslexia, autism, ADHD
and slow learner.

MyLexics: Courseware Modules

MyLexics is the first courseware in Malaysia for dyslexic children learning to read and write
in Malay language. The courseware integrates all multimedia elements that supports
interactive and self-learning environment both at school and at home. MylLexics comprises
of Modul Pembelajaran which consists of three sub-modules (Abjad, Sukukatfa and
Perkataan) are described in the further text.

The typical learning process is supported by the Modul Pembelajaran: It begins by learning
the individual letters of the Abjad (Alphabet), consisting of vowels and consonants. Here,
the important connection between the sound and the letter is made. Next, the children
learn to combine the alphabets to construct two types of Sukukata (Syllables). Finally,
syllables are used to construct Perkataan (Word).
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Figure 1: MyLexics Main Menu

Abjad (Alphabet) Module

This module will give the users the foundation of recognizing and writing letters of the
alphabet. First, they will be infroduced to a letter and the shape of the letter. Then they will
learn to recognize all the letters by its categories: Vowels and consonants. Among vowel
letters, dyslexics always get confused with vowel ‘e’ and 'i'. This is due to the similar sounds
of the letter (Mohd Yusoh et. al, 2008). Thus, the letters are displayed in separated pages.
Figure 3 shows a sample screen for writing a vowel.

The users can click on the letters on right hand side to start a 2D animation of letter writing.
A voice over will pronounce the letter and dashes lines of the letter will be provided on
screen as guidance. Dyslexics can place their fingers on the screen and follow the 2D
animation to learn writing the letter. Here, the visual and kinesthetic elements used will
reinforce each other for optimal learning. This involves a creative, participatory act by the
dyslexics.
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Kenali vokal a,e,i,ou

Figure 3: Introducing and Writing a Vowel

Dyslexics always rely on pictures and contextual clues to say a word (Earnshaw and
Seargeant, 2005). This is due to their poor decoding skill especially of symbols like letters. To
overcome this problem, MyLexics associated letters with images and audio. Here, dyslexics
will associate the shape of the image with the letter itself. This is an example of dual coding
theory concept. The dyslexics are given cues by images and audio to help them recognize
letter that they do not immediately recognize. Figure 4 shows a sample screen of
recognizing a letter in Consonant Module.

Figure 4. Recognizing a Consonant
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Sukukata (Syllables) Module

In Abjad Module, dyslexics learn the individual vowel and consonant and its sound. In this
module, they will learn the combination of a vowel and a consonant to form a syllable. As
MyLexics is targeted to preschoolers, only two-letter syllables are covered. The method
used is quite straightforward. In MyLexics, dyslexics will learn syllables using Simultaneous
Oral Spelling (SOS) technique. This technique stresses four main components of learning,
which are 1) Hear it, 2) Say it, 3) See it, 4) Write it. Here, the SOS uses multi-sensory approach
where learners use their vision and hearing to learn the syllables. In addition, in order to
capture and sustain dyslexics’ attention and interest, simple animations are provided with
interesting llustration of the letter combination process. Figure 5 below shows sample
screens for Sukukata Module.

: @I Kenali Sukukata (KV) e ﬂ ‘Eef‘_cfiiéti‘ff;“ (KVK) /’f _ ﬂ

o __ _
[ bo | = -
dba |2
® bi il -
. | —
: Ez ‘_a.g,_ *w—ﬂ-.n,ag sebut
S 4 [TYmY VeV VsV

Figure 5. ‘Sukukata’ Module

The learner can click on the syllable, hear the sound of syllable, and watch a 2D animation
of combination of the letters to make the syllable. Like in Abjad module, vowel ‘i' and ‘e’
are displayed in separate screen.

Perkataan (Words) Module

This module will teach the dyslexics how to read simple words. As of this stage, we expect
that the learner has acquired the skills of recognizing letters and basic syllables. The
teaching approach in this module is by using family group of words (e.g. suka, buka, cuka,
luka). Family group of words are words that have syllables that sound very similar. The aim is
that the dyslexics will be able to recognize the pattern of family word instantly. Like other
modules, Perkataan module also uses images, text and audio. First, a set of words and a
picture associated with the word is be displayed. Here, the dyslexics will first figure out the
story content from the pictures. This is an example of exploratory driven based learning
(Mohd Yusoh et. al, 2008). The learner will make the transition to learn the syllables that
make up the word. Each word contains two syllables represented in two standard colors
used in the Dyslexia Association Kuala Lumpur, Malaysia. Once the learner understands the
material, words become more meaningful. This is an example of inquiry based learning
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which will help the dyslexics to retain more information. Next, the system will highlight the
next picture with an animation of letter transition in the first word. Voice-over is provided to
explain the transition. Figure 6 shows the word set. The learners can confinue with the next
family word by clicking at the arrow button.

Figure 6. Perkataan Module

Comparison with other products

There are several products on the Malaysian market to teach reading such as Siri Cepat
Membaca Bacalah Anakku and ReadEasy (http://readnetwork.com). Bacalah Anakku is a
package of basic learning of Malay language for children, consisting of 8 books, 1 booklet,
1 VCD and 12 scan cards. The comparison between MylLexics and Bacalah Anakku are
shown in the Table 1.

Recognition of the initiative

e Silver Medal, E-learning for Disability: An Assistive Multimedia Courseware for Dyslexics,
UTeM Exhibition 2008 (In conjunction with Malacca Education Carnival), Innovation
Category, Melaka International Trade Centre, 27-30 March 2008.

e Gold Medal, MylLexics: An Assistive Multimedia Courseware for Teaching and
Reinforcing Basic Skills in Reading Malay Language among Dyslexics, The 18th
International Invention, Innovation and Technology Exhibition (ITEX07), Kuala Lumpur
Convention Centre, 18-20 May 2007.

e Silver Medal, E-learning for Disability: An Assistive Multimedia Courseware for Dyslexics,
Teaching Methods and Materials Category, The 35th International Exhibition of
Inventions, New Techniques and Products of Geneva, 18- 22 April 2007.
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Abstract

In this paper we highlight the importance of tailoring the design of dialogue systems to the
targeted user group. We propose a human-centered design cycle and report the results
from a survey conducted among the intended users of a smart home for the elderly.

Introduction

The use of ubiquitous computing at home allows the automation of routine activities,
removing physical barriers and adding benefits provided by mechanical and electrical
technologies (Aghajan et al, 2009). This is very useful for the elderly, as the living in a smart
home can ease their everyday activities and in some cases might be the only way of
enjoying autonomy without risks.

To ease the interaction for these users, we are intending to set the basis for the design and
development of a ubiquitous multimodal dialogue system to assist them in their daily home
activities. Communication with computers using natural language eases the interaction
notably and is a key issue in the efforts towards the so-called e-integration and e-
accessibility initiatives. By means of these new technologies everybody will be able to
interact with smart homes, especially people who have problems using these new
technologies due to ignorance, disregard or disabilities (Lopez-Cdzar and Callejas, 2010).

Our proposal to design for usability

One key aspect for the development of interfaces is putting the emphasis on usability.
Usability clearly differs from other system quality measures such as maintainability, reliability
or portability in that the user point of view plays a determinant role in it. As a result, the
objective of the interactive development cycle must not be only to obtain fully functional
systems, but must also be concerned with the development of systems which adapt to the
user needs, expectations and goals.

Thus, classic machine-centred approach, in which the system design and implementation
are carried out following the technological aspects and functional user requirements, is no
longer suitable. It becomes necessary to incorporate issues concerned with user
capabilities, capacities, context and preferences which constitute the basis of human-
centred design.

Several studies (Shafto and Brown, 2002) have shown that the life-cycle cost of complex
systems is affected in approximately 70% by the decisions made in the early design stages.
Thus, to mitigate life-cycle costs and risks it is very important to create user performance
models that let the system designers quantify the real operation scenarios at the early
design stages.
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Our proposal considers three key features of a system: interaction management, user
modelling and multimodal interface. On the one hand, the interaction management
establishes a relationship between system and context. Thus, e.g. to interpret a user gesture
the system must have information about the dialogue and the social and situational
contexts. On the other hand, the user models establish a relationship between users and
their context. Thus, if the user is an elderly person, it is important to know e.g. whether s/he
leaves alone and his/her disabilities. Finally, the multimodal interface provides a way for
system-user communication.

We propose to carry out the tasks shown in Figure 1, which can be described as follows. In
the first step, the system designers arrange a preliminary set of requirements based on their
expertise on multimodal dialogue systems. In other words, they specify necessary and
desirable functionalities and properties for the system. The second step is to refine these
requirements taking into account the final users’ points of view about the proposed
functionality and characteristics, including also their new ideas and suggestions. The
refined set of requirements allows in a third stage the creation of a good system
specification. The fourth step is the construction of a first design of the system that complies
with the specification. Finally, the fifth step uses the so-called Wizard of Oz (WOZ)
technique (Dow et al, 2005) to find the usage context of the preliminary design, which is
incorporated into posterior designs in an iterative way.

Preliminary Svstem
set of =T=> USers survey m=—p=—> S Design ==» WOZ
: specification
requirements | [
| [
Preliminary Refined requirements
requirements with users point of view

Figure 1. Tasks to implement the proposed approach to system design.

A case study: design of an interface of a smart home for the elderly

In the preliminary requirement analysis of our system we established the functional
requirements to include the multimodal control of home appliances such as lamps, ovens,
windows and heating. We also considered the system should include some entertainment
functionality, in our case music and TV remote control and programming. We also found
interesting that our multimodal system included a directory for helping the elderly users to
make telephone calls. This way they could utter the name of the person they wish to call
without remembering his/her telephone number.

Once we had restricted the problem, we reduced the possible solutions by establishing a
set of non-functional requirements. Therefore, a suitable system that accomplished all the
functional restrictions should also have the following characteristics: non intrusive, i.e. it
would not interrupt users in their activities unless necessary, proactive, i.e. it would decide
when to help users autonomously considering the environment's current status, adaptive,
i.e. it would take info account the environment conditions in terms of noise and lighting to
decide the most reliable interaction modalities. The system would also allow external
communication, e.g., it could make emergency phone calls, and would accept incoming
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user calls to operate several devices (e.g. switching the heating on before the user arrives
home). Finally, fo enhance the user experience, it should be customizable, friendly and
easy to use.

Users survey

To refine the preliminary requirement as shown in Figure 1, we carried a user survey among
200 men and women with ages ranging 50-80 who lived in towns of different sizes. Most
interviewed were aged 60-70, 58% women and 42% men. The survey includes a
representative sample of different segments of age, studies, economic situation and
residence place, to obtain results that could be generalized for all the intended users of
the system.

The survey was created following several style rules. The first was the usage of an easy
language so that the questions it contained could be perfectly understood by every
polled, potential user. Thus, we avoided foreign or very specialized words. As the survey
was directed to elderly, we avoided asking about something that had been explained
long ago, and employed very concise questions. Besides, questions were ordered from
general to specific, clearly divided in different thematic areas. Due to the difficulty for the
elderly to understand concepts related to new technologies, we explained every idea and
illustrated it with a drawing representing a person interacting with the system.

We carried out the survey in two ways: one was by giving a printed copy of the survey to
the polled, while the other was interviewing them orally. For the former we used large fonts
for the text so that it was easy to read for them. For the latter, an interviewer read the form
and took note of the polled answers and opinions.

Firstly, a section introduced the system we are planning to develop and explained why the
user collaboration was very important for the design. Secondly, there was a section with
questions related to personal details: age, gender, residence place, studies, labour
situation, among others.

A third section contained questions about the utility of the different system functionalities
were enclosed in seven categories: illumination, temperature, windows and blinds, music,
television, kitfchen and contact. lllumination referred to the ability of the system to control
ilumination via multimodal commands (e.g. switch the lights on and off), temperature
referred to remote control of the house temperature, windows and blinds referred to
remotely opening/closing them without the user having to make any effort. Music and TV
were the system functions that enable the user to control and program the radio and TV
sets (e.g. choose TV channels or radio stations). In the kitchen category we enclosed the
control of the main home appliance such as ovens, washing machines and fridges. Finally,
in the contact category we include the system’s ability fo act as a telephone agenda. For
each of these categories, the survey started with a brief paragraph describing the system
function followed by a drawing which explained the concept graphically. Then the polled
people were asked if they found this function useful and how frequently they would use it.
They were also asked to justify negative answers. Furthermore, a blank space allowed them
to indicate other possible functionalities associated with the category.

The last part of the survey considered system characteristics rather than functionalities. The
polled were asked to indicate if they found useful: i) the system’s exterior access (e.g. to
order switching the heating on before s/he arrives home), i) proactiveness (the system
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ability to carry out tasks without being asked to, e.g. to remind things to the user by its own
initiative), iii) human appearance (using an animated agent to generate a visual system
output), iv) ease of use, v) customizability, vi) user location (system ability to know where
the user is at every moment, e.g. to decide if s/he forgot to switch off a light) and vii)
recovery from interaction errors. Finally the polled were asked to include comments or
suggestions about the system functionality.

The survey results are shown in Figure 2 and 3, which illustrate the perceived usefulness of
the main systems functionalities and their intended frequency of use respectively.

The figures show the results are very encouraging, as in all the cases the polled people
found the functionalities useful, although their usage varies (e.g. music control was found
useful but it would not be used very frequently). The telephone agenda was the most
useful utility in the potential users’ opinion, even for who indicated not suffering from
memory problems. A reason for that might be that this kind of application is better known,
so the polled distinguished with more confidence that it was really useful for them.

It was specially unexpected for us the acceptation of the windows and blinds function by
the polled people, which was explained to them as the ability of the system to open and
close windows and blinds automatically by means of voice commands. We think the
reason for this result is that it is a very arduous task for the elderly. This is especially true for
those who suffer from motor disabilities (124 out of 200 polled). Another very well accepted
function is the TV control using spoken commands. We think the reason is that watching TV
is the most widespread activity between the elderly (more than 90% of the Spanish older
than 65 watch TV every day).

However, the ability of the system to control kitchen appliances (e.g. ovens) was not very
well accepted as most people answered they would never use this function. We think the
reason is that most of the elderly do not make the home duties alone (as they indicated in
the first part of the survey), either because they share them with other family members, or
because somebody does that work for them. We found that 50% of people who make all
duties (usually women) considered this function really useful, while 69.4% of the polled who
do not do the activities at home said they did not find it useful and would never use the
system for those tasks.

We also found that, in general, all the system characteristics (non functional requirements)
were broadly accepted: access from the house exterior (52%), reminder of things to users
(21%), user location within the house (59%), personalization (58%), emergency calls (84%).
These results show the most broadly accepted system characteristic is its proactiveness. On
the contrary, the animated agent was not well accepted (54% of acceptance, 37% non
acceptance) as many of the interviewed people remarked they preferred not to have a
human image of the system when they interact with it. Furthermore, 95% of interviewed
said they would consider the system easy to use because of its multimodal interface.

The potential users were also asked what they would do if the system misunderstands them.
Surprisingly, most said they would repeat the same thing until it finally understood. The top
second answer was to shut the system down. This fact clearly shows the difficulties in
developing a multimodal dialogue system for the elderly, as they would not trust the system
if it fails. In fact, 5% of the interviewed would never use the system again in case of error.
This result contrasts with the answers to the question about which aspect of the system they
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considered most important: well functioning, system kindness when it speaks or ease of use.
Most said to prefer kindness and ease of use before correct functioning.

o — O Useful ||
| [ENot useful ||
] CIN/A

Figure 2. Perceived usefulness of the functionalities.
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Figure 3. Intended frequency of use of system functionalities.
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Finally, when the interviewed were asked to suggest new functionalities, it was surprising to
discover their great imagination and how, in despite of their age, they were so open
minded to discover totally unexpected pros and cons of the system. For example, related
to the illumination control, some suggested that the system could activate an anti-
burglaring mechanism when there is nobody home. For example, turning on the lights
could make believe that there is someone inside. Others pointed out that the system could
evaluate the status of the house and its devices and warn the user if something is not
working properly and find automatically somebody to fix the problem (e.g. phone an
electrician or plumber). Another feature proposed by some polled is the ability to
recognize face and voice not only for detecting the owner but also for recognizing his/her
relatives. This way when somebody knocks at the door, the elderly would not have to move
if it is not a family member.

When the elderly were interviewed in groups, some of them were able to find solutions to
others’ fears about this new technology. For example, as said before many of them did not
want a human appearance for the system (e.g. an animated agent displayed on the TV
screen) because they found it frightening, even when they were told that it could be a
cartoon. Someone asked if they would be able to choose the agent face, and when we
answered this could be possible, the subject said he would not be afraid if it had the face
of his sons or grandsons. The others agreed with him.

Among the disadvantages of the system the youngest indicated that letting it do the work
for them could led to loosing their skills sooner due to the lack of use. For example, they
said they would loose memory if the system reminds them of all. We think studying this
aspect could be a very interesting future work guideline once the system is working.

Conclusions

This paper has presented a new proposal to system design based on three main features:
interaction management, user modelling and multimodal interface. This proposal is the
result of merging previous strategies towards system specification and design. A very
important factor of the new approach is taking the final users’ needs and preferences into
account right from the initial design states.

As a case of study, the approach has been partially applied to the design of a new
multimodal dialogue system to assist elderly people is their daily home activities. The paper
has shown how the functionalities and characteristics which a priori seemed to be more
useful were not really considered as such by the interviewed potential users (e.g.
employing animated agents to enhance the user experience). Moreover, it has shown that
the potential users can point out new system features that the designers did not think of,
such as automatic recognition of people knocking at the door.
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Introduction

Pervasive computing [1] brings the technology closer to the users by enabling the users to
use daily-life devices (mobile phones, TVs, touch screen walls, etc.) for controlling their
environment and accessing information virtually anywhere. Interacting with such devices
does not remind users of classical computers and enables them to more naturally interact
with the conftrolled system, if user interface is designed properly. These devices usually
operate in networked environments with every controlling and conftrolled device
connected to a central hub. Bringing easy-to-use applications to such environments faces
the challenge of highly heterogeneous, dynamically changing environment and necessity
to deploy applications to controlling devices with very different features (display size, input
methods, operating systems, etc.).

The i2home project is focused on developing smart home applications that would enable
various non-technical target groups including elderly people, people with Alzheimer
disease, blind people, etc., to take advantage of modern technologies. These
technologies would enable the users to stay in fouch with their family and be connected to
other people while being able to be more independent in daily life. i2home ftries to
achieve this by better integration of home appliances and by providing better easier-to-
use conftrols for the target users.

Recent development in the area of mobile and home entertainment devices led to
increased usage of different devices (mobile phones, PDAs, TVs, etc.) for performing
various tasks and managing daily life. Such devices may also be used in a smart home for
conftrolling home appliances from any location at home or outdoors. Developing the
applications for such environment gets increasingly difficult when different properties of the
conftrolling devices, user preferences/abilities, and different set of controlled appliances
are considered. Such constraints force the application developers to either focus on a
small subset of available controlling devices and/or to develop multiple interfaces for
different platforms that may lead to poor user experience due to inconsistencies across
multiple similar products.

Because of the reasons mentioned above, a new development framework was designed
for the iZzhome project. This framework is based on the UIProtocol that enables to define
interfaces using XML and also defines the standard client-server communication protocol
that is very important for pervasive applications in which a server has to handle various
client entities that are based on different tfechnologies. In the same time the framework
abstracts from details of asynchronous communication between the client and the server.
That enables both application logic developers and user interface designers to focus on
their primary goals of developing usable and accessible user interfaces and on developing
and fine-tuning application logic.
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Problem statement

In current environments, the development of the client-side and server-side part of an
application is tightly connected with each other and the application logic developer has
to communicate often with the user interface designer and vice versa. Often the
application logic developers are forced to co-develop user interfaces and user interface
designers are forced to implement simple client-side application logic (e.g. in JavaScript).
Such development leads to less maintainable code and to a lot of portability issues when
changing the client platform. Having server-side application logic simplifies the
development and enables to dispatch events, that are invoked by a user’s interaction, in a
single point on the server side. That enables an easier monitoring processes, debugging the
application, and in the future also adding application-wide aspect oriented features [2]
that would enable to perform corner-cutting application logic.

Interface A

Client Application Logic A

Interface B

Client Application Logic B | Server Application Logic

Interface C

Client Application Logic C

Figure 1: Traditional Client-Server Architecture

The Figure 1 shows how a traditional architecture in pervasive computing environment
looks like with each client having different user interface and different client-side
application logic. Application logic on client handles communication with the server side
and eventually performs some client-side operations as it is closer to user interface. Having
a scripting language on the client side is very helpful for creating rich applications with
instant feedback to user's actions as there is no latency caused by the network
communication. While this is a much-desired feature, it brings a lot of issues related to the
efficient development of maintainable applications.
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Figure 2: UIProtocol Client-Server Architecture

The Figure 2 shows the way how we intended to minimize the impact of switching platforms
on the user interface design and the application logic development: No application logic
is implemented on the client side. Even the user interface should be pushed from server in
order to simplify deployment similar to most existing web applications. All clients in such
framework are thin clients from the developer's point of view. Because this approach
requires implementing complex clients (similar to web browsers) it is necessary to ensure
that any chosen solution will minimize the complexity of the clients.

In the i2Zhome project we followed a User Centered Design. In the iterative design we
needed to create a number of prototypes that were immediately verified by usability
testing. It is important to rapidly evaluate prototypes on different platforms without a need
to rewrite any application logic or a user interface. This enables to evaluate the user
interface on multiple devices and choose the best device for users after usability testing is
performed. It is also important to be able to create high-fidelity prototypes that may later
become fully functional applications without having to re-implement already implemented
behavior.

Existing solutions

To date, several various platforms for developing rich internet applications (RIA) are
available including but not limited to Adobe Flash, HTML+JavaScript+XML(AJAX), JavaFX
and Microsoft Silverlight. The decision to develop UIProtocol framework was based on @
study of several existing solutions already available. Adobe Flash was used for developing
first prototypes in the i2Zhome project. While designing user interface was very fast, creating
high fidelity prototypes that would become final applications and would communicate
with server side had proven to be difficult with growing complexity of the application.
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Apart from the high-profile technologies mentioned above, several other languages has
been examined [3, 4] to evaluate whether they are suitable for application development
in i2Zhome environment.

Adobe Flash

Adobe Flash is the most widely used platform for developing rich internet applications.
Adobe Flash is exceptionally powerful tool for creating web vector graphics, animations
and delivering media. Adobe Flash provides very good tools for user interface designers,
but provides a very poor support for efficient development of the complex application
logic. The application logic is often spread thorough the whole user interface and
developers have to cooperate very closely in order to complete an application.
Debugging the Adobe Flash code is very difficult due to the fact that the application logic
is usually spread throughout the debugged application.

Adobe provides Flash development environment and Eclipse-based Flex Builder for
developing applications that are more complex. Problematic development of complex
applications led several third parties to infroduce alternative tools for creating Flash-based
applications. These tools however lack some features such as a visual editor.

JavaFX

JavaFXis relatively new solution for rapid prototyping and application development.
Stable version of JavaFX 1.2 is available for Mac OS X, Windows and Windows Mobile. Beta
version is available for Linux and OpenSolaris. JavaFX enables to built RIA that can utilize
very rich Java APIL. JavaFX behaves similarly to a Java applet or an Adobe Flash movie and
may be additionally dragged out of the browser and behave as a standalone application.

JavaFX provides robust support for data binding that proves very useful when dealing with
the user interfaces. The major disadvantage is the fact that the application logic is still on
the client side [5] and implementation of JavaFX client is relatively complex as whole Java
Virtual Machine must be available and support for non-XML JavaFX syntax has to be
implemented.

Several development tools are available for JavaFX enabling to import Adobe Photoshop
and Adobe lllustrator files and add behavior to the static content designed in these
applications.

HTML and JavaScript

HTML is an open standard that can be rendered on almost any platform including mobile
devices. The look and feel of any HTML content may be customized by CSS, while dynamic
behavior may be added by JavaScript. Communication with server is done by AJAX [6]
that is used to exchange the XML (or other files) in the background dynamically updating
only portions of a website bringing HTML close to other RIA technologies. For the user
interface updates to appear instant, a JavaScript must be invoked in a defined intervals to
ask the server for updates.

While the HTML with CSS and JavaScript in theory offer features that match other RIA
technologies, the applications get much more complex and less maintainable, due to a lot
of application logic written in a scripting language on the client side. For developing RIA
applications, the HTML is often mixed with Adobe Flash because the development in pure
HTML gets more difficult for highly interactive applications.
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There are many development tools for HTML and related technologies that enable both
visual editing and direct code editing. The key problem remains debugging.

Google Web Toolkit

Google Web Toolkit (GWT) is based on an idea similar to UIProtocol in terms of moving all
application logic to server side. It uses Java to JavaScript tfranslator that enables to write
application logic in Java programming language having all the advantages of statically
typed language while developing client-side application logic. For the client side logic
there is only a subset of Java API that can be translated to JavaScript available. For the
server side application logic it is possible to use full set of Java APIL. User interfaces in GWT
are created programmatically using Java language. Parts of user interfaces generated by
GWT may be embedded info static HTML websites and may also use CSS styles for
modifying look and fell of the user interface. All user interface components in GWT provide
methods that enable directly setting HTML-related properties such as CSS style.

The main disadvantages are that the user interface is created programmatically. While
creating user interfaces programmatically is very flexible it is not natural for user interface
designers. Application logic running on client and server may also be mixed with each
other and also with creating a user interface.

During development GWT applications are run in a special environment (hosted mode)
that enable to debug the application directly in a Java IDE overcoming some
shortcomings of JavaScript debugging and accelerate development. After debugging in
the hosted mode the application is evaluated directly in web browsers to solve browser-
specific problem:s.

GWT is supported in all the major Java IDEs including Eclipse, IntelliJ IDEA and Netbean:s.

Microsoft Silverlight

Microsoft Silverlight [7, 8] technology is Microsoft's competitor to currently dominating
Adobe Flash. It is based on Microsoft .NET Compact Framework and aims to provide similar
features to Adobe Flash while making the platform more developer friendly. Microsoft
Silverlight enables to write application code in any .NET compatible language, but APl is
limited to .NET compact framework due to security concerns and dependency of .NET
framework on native Microsoft Windows-only libraries.

Maturity of application

Prototype Release Maintenance
. Medium fidelity prototype :
Low fidel ; P High fidel - _
tmm‘“’ ""‘“ml"p" (static screens, dynamic (d::gh I “"i‘m Final application Upgraded application
No application logic Navigation betwean :':;"“" .““"’g"g';g Stable core functionality wm&um’:im

Figure 3: Application Development
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Development Process

The major motivation behind UIProtocol was to create a solid foundation for rapid
prototyping of user interfaces and in the same fime enabling the prototypes to be
converted to fully functional applications without additional development. In the Figure 3 is
depicted the typical development process of an application. First a set of prototypes with
incrementally increased degree of fidelity is created. A test results from usability testing of a
prototypes are employed in a next prototype. Increasing the fidelity of the prototypes
leads to implementing a lot of application logic that gets debugged in the process. Not
using the already implemented application logic leads to wasting a lot of resources and
opens a possibility to reintfroduce already solved problem:s.

UlProtocol enables to simply cover all phases of the development and maximize usage of
already developed solutions. Ability to develop application logic in both scripting (e.g.
ECMAScript) and static languages (e.g. Java) enable to rapidly evaluate and alter
application logic written in scripting language and then eventually implementing it in a
static language as it becomes stable.

Another focus is to enable simple adding of the dynamic behavior to a static content of a
low fidelity prototype. This is achieved by binding support that enables the user interface
designer to simply identify dynamic content in a prototype and also enables application
logic developer to update the dynamic data without knowing how they are exactly
represented in the user interface. The binding simply connects the dynamic application
data with their representation in a user interface. Whenever the data are updated, all user
interface components that are influenced by this change are updated automatically.

Architecture

UlProtocol was designed for the client-server architecture that is typical for pervasive
applications by clearly separating the client and the server part. Still, both client and server
may run on a single machine, behaving like a standalone application. This enables
application developers to choose how the application will be deployed very late in the
application development lifecycle.

The client in the UIProtocol architecture is a terminal device that is used by the user to
interact with the system and is defined by the following properties:

1. Insecure environment (a device running client may be stolen or abused by user to
threaten server or be used to send malformed data to server or the communication link
between client and server may be attacked)

2. Directly receives a user's input

3. Renders interface for a user

4. Not allowed to perform any critical application logic

The server in UIProtocol architecture is defined as the following:

1. Running on a trusted machine (thus the application can directly access data, check
user input, etc.)

2. Performing critical application logic and manipulating persistent data

3. Allowing multiple clients to be connected in the same time and ensuring proper
information exchange between clients (synchronization and fransactions)
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Figure 4: UIProtocol Client-Server Architecture

A UlProtocol server provides the client the interfaces that should be rendered and dynamic
data (application-wide models) that should be displayed in the user interface. The client is
allowed to send only events to server without actually knowing what the events will cause.

The communication and type of information that are exchanged between client and
server is shown in the Figure 4 that describes current client and server implementation in
i2zhome project.

Separation of Ul and Application Logic

One of the most important features of the UIProtocol is that it does not enable any
application logic to be used on the client side. Although an implementation of a server
may offload some application logic to the client, this process should be totally tfransparent
from the developer's point of view. No imperative (scripting-like) language features are
enabled by design in the UIProtocol.

The main purpose of separation of the application logic and the user interface was to
minimize the amount of information exchanged between the user interface designer and
the application logic developer.

The information that is exchanged between the user interface designers and the
application logic developers is limited to identifiers of events that are send from the client
(and their properties) and to meaning of values in application models containing the
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dynamic data. This information is usually provided by the user interface developer, as
he/she usually identifies what data in a user interface should be dynamic and what
application logic should be executed when the user interacts with the user interface.
Binding

Binding is essential for separating data from the user interface in the UIProtocol client.
Thanks to the data binding, the server-side application logic does not have to directly
access the user interface structure to modify the displayed content (similarly to DOM [9] in
HTML+JavaScript). All user interface components displaying the dynamic data are
automatically updated when the data are changed. Additionally all dynamic data can
be interpolated to a newly assigned value. This enables to use the animations very easily
virtually anywhere in the user interface, thus improving user experience.

Pushed Updates

The UlProtocol clients also provide support for pushed updates as there is permanently
opened socket between client and server. This enables an immediate reaction of the user
interface to any activity on the server side. While keeping socket open requires some
resources to remain allocated, the communication is then faster as it is not necessary to re-
establish connection for every request. Furthermore, the server does not have to maintain
the information it receives from an external source until all clients ask for updates, but may
automatically push that information to all affected clients.

Protocol Abstraction Layer

Although currently UIProtocol is used for exchanging user interface-related information the
architecture itself is not strictly bound to using UIProtocol language. Any language that has
the same expressing power may be used. Each UIProtocol document is a human readable
XML file that makes it easy to edit by any XML editor. However that makes UIProtocol very
memory inefficient. In current environment we also use UIProtocol-B which is a binary
representation of UIProtocol that is faster to process and requires less bandwidth. These
features may be especially important in pervasive computing environments as mobile
devices have less processing power and data fransfers over wireless are usually much
slower than wired connections.

As a visual editor for UIProtocol is under development we expect that the human-readable
UIProtocol won't be necessary in the future and more efficient language may be used
instead.

Simple Client Structure

UIProtocol was designed to be easy to process and easy to implement. No necessity to
implement a scripting engine, and concept of binding used thorough the client enables
simply wrap available native user inferface components. There is also no necessity to
implement all features of UIProtocol as some of the features such as animations and
complex components may not be supported by client in order to keep user interface
functional.

Language Agnostic

UIProtocol was developed to enable all application logic to be written in statically typed
languages, because they enable to write more error-free code due to advanced tools
available in current IDEs such as static code analysis. By design UIProtocol does not require
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the application logic to be written in any particular language and the event handlers in a
single application may even be written in different languages. Current Java server
implementation enables event handlers to be written in Java and any scripting language
supported by Java Scripting APl including ECMAScript, Groovy, Python, Ruby, etc. Support
for additional format of event handlers may be added in the future without having any
impact on server architecture.

Using several different languages for handling events may seem to defeat the purpose of
simplifying the development and make it more error-free, especially when using dynamic
scripting languages for handling events. Using the scripting languages enables to alter the
behavior of the server-side quickly during debugging and testing without having to
recompile and redeploy the application. Additionally, using languages such as ECMAScript
is simpler for less experienced developers. Writing portions of rapidly evolving application
logic in a scripting language and migrate to native handlers after e.g. usability testing may
significantly accelerate development as these logic may have to modified several fimes
before reaching mature status.

Implementation

UlIProtocol Client

Currently, several implementations of UIProtocol are available with different level of
compatibility with the current specification, due to the fact that Ulprotocol is still under
development. Currently two most advanced implementations of clients are available for
Java and Microsoft .NET platforms. There are two additional client implementations for
Adobe Flash and Microsoft Silverlight.

Figure 5 shows example user interfaces designed for a living room TV using .NET UIProtocol
client. Figure 6 shows user interfaces designed for touch screen device that is located near
doors and enables user to check status of household and control a home security system.

UlProtocol Proxy

UIProtocol proxies enable to connect clients that do not support UIProtocol to UIProtocol
server. They provide abstraction level for UIProtocol server because they behave as an
ordinary client while translating all events, interfaces, model updates and actions to a
format that is understandable by a proxied client. Figure 7 shows a proxy that tfranslates
UlIProtocol to HTTP so a web browser may be used to connect to a UIProtocol server. An
implementation of such proxy in ASP.NET is available providing support for basic UlIProtocol
features. In future versions of servers this functionality may be directly integrated.

UIProtocol Server

We have developed 2 UIProtocol servers in i2Zhome project. The server currently used in
iZhome environment is based on Microsoft .NET platform and fully supports UIProtocol
except streaming, that might be used in the future for transferring VOIP data, upload files,
etc.
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Figure 7: HTTP-UIProtocol proxy
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Figure 8: UIProtocol Editor

UIProtocol Editor

A visual editor (figure 8) for UIProtocol is currently under development. The editor is based
on the open source Netbeans platform and will be available as a plugin for the Netbeans
IDE. Currently, the editor supports drag and drop of user interface components, modifying
properties of the components, positioning them, simply binding user interface components
to dynamic data and attaching behavior to the components.

Conclusion

The UlProtocol draft specification is available and defines concepts and architecture of
the development framework discussed in this paper. The current specification also includes
support for basic user interface components, their properties, styling, positioning and
layout. The final list of supported elements is not finalized, but serves well for creating user
interfaces in i2home project. It is necessary that real-world scenarios are evaluated in order
to finalize list of components and their properties.

Future Research

Future research will be focused on finalizing UIProtocol specification by strictly defining
behavior for each user interface component.

PAGE 27 SIGACCESS NEWSLETTER, ISSUE 95, SEP 2009



As UIProtocol architecture enables implementation of application logic in any language
and even use any combination of languages in a single application. Using workflows and
task models may be considered for modeling high-level application logic and complex
processes inside an application.
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