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A B STRACT

This report documents the development of the UniVote system – an interactive public
voting system to be deployed around Lancaster University campus as part of the eCampus project. The UniVote project is motivated by the need to increase students’
interest in events happening around them, and avoid the sense of living in a “bubble” and
being detached from the “outside world” while located on the university campus. The
completed system comprises of screens located around campus, allowing students to view
world-wide and campus-wide news, and cast votes on a range of questions using Java and
Bluetooth-enabled mobile phones.
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The working documents can be found at http://www.lancs.ac.uk/ug/dayn.
The access details for the web administration site and central database are only available on the
two submitted copies of this report.

1. I NTROD UCTION

An important factor in running a university is that the needs of its students are catered
for, and that students feel they can voice their opinions. Collecting this type of data in a
university of several thousand students requires a system to integrate directly into the
university environment, and will be fun and of benefit to use by students.
Public displays are a form of ubiquitous computing which allow interaction with a
system by users in their own environment. This is the opposite of virtual reality, where a
user is taken into a virtual world to interact with a system – the public display becomes
part of the environment the user interacts with. Public displays offer a resource by which
users can be informed, communicate and share thoughts within a community. It has
been said that public displays help to “disrupt or disable the regulation of boundaries”
(O’Hara et al, 2003), allowing users to express an opinion that they may usually feel
inhibited to present within their social group.
Mobile phones are now extremely common in the UK – over 75% of adults and 90% of
young people now own a mobile phone 1, and this number is continually increasing as
new technology emerges into the marketplace. They have become an essential part of
student life, and for most people having a mobile phone is a necessity rather than a
luxury. Over the past few years, mobile phones have become increasingly powerful, and
features such as GPRS, Java, Infrared and Bluetooth now come as standard on almost
every phone available today. These new technologies allow users to communicate at
much higher speeds and with many more types of devices than was previously possible.
This project combines the rich media potential of a public display, with the
communications possibilities of a mobile phone, to produce an interactive system by
which students at Lancaster University can express their opinions on a wide range of
matters of interest to both the students and the university itself.

1.1. Overall Aim & Rationale
The aim of this project is to develop an interactive voting system, which allows user
participation using a mobile phone. The system must be suited to deployment around
the university campus. The rationale behind this project is to increase students’ interest
in events happening around them (whether this be in the scope of a campus
environment, the UK or worldwide), and maintain this interest to result in increased
1

http://www.3g.co.uk/PR/April2003/5161.htm
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awareness of the “outside world”. The two main functions of the system – to provide
news and a voting system – come together to address the students’ reduced awareness of
what is happening around them. These functions are interrelated – the system motivates
students to pay attention to events occurring in the “outside world” by inviting them to
provide their opinions on both current affairs and campus-related matters.

1.2. Motivation
In a large university such as Lancaster, with several thousand students of different
cultures, backgrounds, attitudes and beliefs, it is important that students feel they can
live together and feel comfortable in their environment. This involves making sure that
students don’t feel cut off from the world outside of the university campus, and that the
university is listening to their opinions to make campus an even better place to live. This
system allows students to share a common area to interact with each other, and share
their opinions on world-wide and campus-wide matters.
The Planet Campus2 project took place in 2005 as part of the e-Campus initiative 3 at
Lancaster University, and was carried out by three MRes students in their Collaborative
Design Project module. It aimed to “bring the world into campus” through keeping
people on campus informed about events in the “outside world” and encouraging
involvement, opinion and discussion on these events. The motivation for their study
became apparent when they looked at the current situation at the university: a lack of
any centralised news and events resource for both the outside world and campus itself;
poor television and radio reception on campus; fragmented promotional advertising from
multiple sources – some of which (e-mail bulletins) are not available to all
students/members of the university. These factors, and the fact that campus is physically
isolated from the rest of Lancaster, lend themselves to a sense of living in a “bubble”,
students becoming more and more detached from the world outside the university
campus. Students at the university are aware of this problem, as the following quote
suggests:
Campus is a place cut-off from the rest of the world…
Students are disinterested and often blatantly unaware of
what’s going on around them.
- GRADUATE STUDENT2
The research carried out by the Planet Campus project underlines the rationale for this
project: to increase students’ awareness of the “outside world” and try to get away from
the sense of “living in a bubble” on university campus.

2
3

http://polo.lancs.ac.uk/mres/2005/Group1
http://ecampus.lancs.ac.uk
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1.3. Aims
The main aims of this project can be grouped into two components: a voting component
and a news component. The aims of each component are summarised in the following
two subsections.

1.3.1. Voting Component Aims
! To create an attractive and eye-catching front-end to the system (herein referred to as
the front end), which rotates randomly through a set of questions, showing:
! The question that users can vote on,
! The current voting outcome of that question,
! Information on how to cast a vote.
! To create an easy-to-use application to run on modern mobile phones, to allow users
to cast their vote (herein referred to as the client application).
! To create an application to retrieve votes and update the front-end with a chart
visualising the vote scores (herein referred to as the server application).
! To provide a facility to manage a display remotely (herein referred to as the web
administration site), to allow system administrators to amend the questions shown on
a display, including applying a start and expiry date for time-sensitive questions, and
view voting statistics.
! System administrators are defined as university staff, who have access to the
web administration site to manage questions and screens, and physically control
deployment of screens around campus.
! Users are students and other members of the university who interact with the
screens via mobile phones. They do not have access to the web administration
site, or any other components of the system that alter its functionality.
! To provide a central database of questions, of which subsets of questions can be
assigned to show only on certain displays (herein referred to as the central database).
! This component is under the control of system administrators, however all
management of the system must be done using the web administration site to
ensure the database remains correctly structured and operational.

1.3.2. News Component Aims
! To show the latest news headlines on the front end, which are updated at regular
intervals.
! To show a video feed of the latest headlines on the front end.

1.4. Report Overview
The remaining six sections of this report are as follows:
Chapter 2 gives a summary of the background reading and research carried out, takes a
brief look at existing systems and discusses the choice of platform and software. Chapter
3 documents the major design decisions, interface designs and the system architecture.
Chapter 4 describes how the system was implemented and any important algorithms that
have been used. Chapter 5 shows what the system is like during operation by providing a
3

walkthrough of typical usage, and describes the process of interacting with the system.
Chapter 6 reports the outcome of real-world testing and evaluates the system to examine
how well it achieves its aims and requirements. The final chapter revisits the original
aims and objectives and analyses how successful the project was, where it could be
improved and the lessons learned though developing this system.

4

2. B AC KGRO UND

This chapter discusses the different types of public displays, takes a brief look at existing
systems and looks at theories explaining how users are enticed to interact with public
displays. The principal of human connectedness is discussed – how a public display will
help to develop a community in the environment it is used in. Finally, hardware,
software and communication protocols are evaluated for their suitability to this system.

2.1. Supporting Collaborative Interactions Through Public Displays
Recent advantages in technology have resulted in more affordable screens becoming
available, from flat panels and plasma screens, to large wall displays and interactive
whiteboards, which can be used to support collaborative activities in a community.
Displays can be classified into four types: embedded, stand-alone, integrated and
ambient. However, these classifications are not distinct – many public displays present
characteristics of more than one type.

2.1.1. Embedded displays
Embedded displays involve the encapsulation of an entire space as a collaborative area,
where, as suggested by Rogers and Rodden (2003), the display becomes “part of the
furniture”. An excellent example of such a system was the Arizona project (Nunamaker
et al, 1991), which consists of a meeting room with a U-shaped desk layout, with several
large video displays towards the front of the room. Each meeting participant has their
own computer which they work on individually, and contribute their work to the large
communal display at the front of the room. Each contribution to the communal display
is approved and organised by a meeting leader.
A significant advantage of this system is the potential for encouraging wider participation
in collaborative activities, however the meeting leader is given a large responsibility as
every meeting attendee is dependant on them to share their ideas. Embedded displays
such as the Arizona project also have the potential to intimidate less computer literate
people, and present a steep learning curve for new users.
The UniVote system should allow users to interact independently at their own accord,
without relying on a “moderator” figure to activate their vote. It should also avoid a
steep learning curve by providing simple and clear instructions at all stages of the voting
process.

5

2.1.2. Stand-alone displays
Stand-alone displays move away from a single input device to allow simultaneous
interaction by multiple users. They aim to allow groups of people to interact and engage
with large collections of information, while also attempting to instill a good sense of
community by placing the display in a public setting.
Stand-alone displays differ from embedded displays, as interaction with them by a user is
entirely voluntary. The display is no longer considered “part of the furniture” and
therefore users don’t find themselves in a situation where they must interact to support a
collaborative activity. For example, in the Arizona project (Nunamaker et al, 1991), a
user in the meeting room must interact with the system to make their attending the
meeting worthwhile. However, a user must be enticed to interact with a stand-alone
display, as the environment they are in doesn’t suggest that interaction with the system is
totally necessary.
This is a major challenge faced by designers of stand-alone displays – to ensure that
members of the community feel compelled enough by the system to voluntarily interact
with it. Contributing towards this is the factor of social embarrassment in a public area
(Rogers and Rodden, 2003) – users can feel inhibited that other members of the public
can see how they are interacting with the display, and in the case of a public voting
system, see their voting response. Churchill et al (2002) found that users needed
“constant encouragement and demonstration” to interact with their stand-alone public
display, while Agamanolis (2002) commented “half the battle in designing an interactive
situated or public display is designing how that display will invite that interaction”. This
is obviously a challenge that the UniVote system should attempt to tackle.
The following two subsections discuss existing stand-alone displays.
2.1.2.1. Dynamo
Dynamo (Izadi et al, 2003), as shown in Figures 2.1 and 2.2, is a communal resource
located in public spaces for shared interaction, with the main use being in meetings.
When people meet, they usually want to share and exchange information with others. In
the case of physical (paper based) items, these can be places on tables and organised if
necessary, before exchanging with another person. Digital items are traditionally much
harder to share and exchange in this way, requiring the movement of data from one
device to another – in a large group of people this is clearly time consuming and
inefficient.
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FIGURE 2.1. DYNAMO INTERACTION SURFACE 4

FIGURE 2.2. USERS INTERACTING W ITH THE DYNAMO SYSTEM5

The Dynamo system provides a shared display which users can simultaneously upload
their data to using a USB drive, laptop or PDA. Anybody who wants to share the data
on the display can simply plug in their device to the screen and synchronise its content
with their device, and also use the collaborative area to upload more data. Studies with
the system and a small group of participants found that, while users like to have their
own individual workspace which can be shared with others in the meeting, they also
require some form of access protocol to control who can access which files in their
workspace.
This system provides a very effective way of sharing data between a small community,
with each user having their own “workspace” that can easily be accessed by others. A
further development to this system would be the introduction of a virtual screen to allow
remote collaboration with the system – i.e. somebody who can’t attend the meeting can
connect remotely to the system.
From researching the Dynamo system, there are several concepts that I should bear in
mind when designing the UniVote system. Users should be able to interact
simultaneously with the system, and the user should be constrained in how they can alter
the system, to ensure it operates effectively for everybody.
4
5

Source: http://www.ux-design.net/dynamo-interactive.com/screenshots.php
Source: http://www.ux-design.net/dynamo-interactive.com/

7

2.1.2.2. Opinionizer
Opinionizer (Brignull and Rogers, 2003) is similar to the UniVote system I am
developing, in that it asks users for their opinions on various topics, and users can
observe the opinions expressed by other people. The system is used in public areas and
aims to initiate conversation and socialising between bystanders, who would use the
topic shown on the display as a talking point.
The system has been developed using Macromedia Director. Interaction with the system
is through a keyboard, which is situated adjacent to a large projected display. Users can
cast their opinion on topics already entered into the system, or add their own topics.
The user interface is shown in Figure 2.3. To add a “personality” to the system, each user
is given their own cartoon avatar and associated speech bubbles. The user can position
their avatar on the user interface corresponding to their opinion, or out of the bounds of
the coloured disc if they don’t want to present a specific opinion.

FIGURE 2.3. OPINIONIZER USER INTERFACE6

6

Source: http://www.ux-design.net/opinionizer_gallery.php
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FIGURE 2.4. OPINIONIZER FIELD STUDY6

Through real-world tests of the Opinionizer system, Brigull and Rogers noticed a social
notion they termed the “honey pot” effect. An increase of people around the interaction
point, interacting with the system, produced a sociable “buzz” in the area. By standing in
this space, Brignull and Rogers observed that people seemed to give tacit signals to
others that they were open to discussion and comment about the topic shown on the
display. Observations of people standing around the display supported this claim, with
comments between neighbours including direct references to the topics shown on the
Opinionizer display, what Opinionizer was about, and whether a person had used the
system themselves.
The UniVote system should make some attempt at recreating the “honey pot” effect,
creating a “buzz” around the presence of a UniVote screen. This is likely to be achieved
simply through the introduction of a new and novel system into a previously noninteractional environment – users will be excited by, and curious about, its presence.
The topics shown on the UniVote system will obviously determine just how much
“buzz” is present, as users are likely to disregard the system if it doesn’t interest them.
The Opinionizer system proves that Director is a suitable development application for
public display systems, and that it should be considered for development of the UniVote
system.

2.1.3. Integrated displays
Integrated systems are made up of a network of integrated displays and devices, which
allow for remote collaboration. One of the main aims of developing integrated displays is
to allow for seamless movement of information between displays, for example video
conferencing.
Integrated displays differ from embedded, stand-alone and ambient displays as they
provide possibility for interactions in dispersed settings, such as outdoors. A typical
usage is to provide users with a small handheld device (such as a mobile phone or PDA)
and allow them to roam in a pre-defined interaction area. Whilst in this interaction
area, users are wirelessly connected to a large shared display, which is usually placed
prominently in the centre of the interaction area.
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The following subsection discusses an existing integrated display system.
2.1.3.1. Community Mirrors
Community Mirrors (Borovoy et al, 1998) combines a large public display which
presents real-time visualisations of community dynamics, with the aim of enhancing
socialising at a party. This is done through the exchange of “memes” – an idea or unit of
cultural information that can be transferred from one individual to another7.
Attendees of the party wear a meme-tagged badge (similar to Figure 2.5), which consists
of a large LCD screen, two buttons (one red, one green), a selection knob and a bidirectional infrared communications device.

FIGURE 2.5. MEME TAG 8

FIGURE 2.6. MEME TAGS ACTIVATING8

Each meme tag is loaded with a single meme, which is relevant to the community that
are attending the party. The participants socialise freely. When two people move
within close proximity of each other (Figure 2.6), their meme tags activate and the LCD
screen lights up. Each meme tag simultaneously shows a meme to the other user. If one
user likes the meme shown by the other user on their meme tag, they can press their
green button to have that meme replicated on their own meme tag. Users can also add
memes to their own tag at a computer kiosk (Figure 2.7), which are located around the
party environment.

FIGURE 2.7. MEME KIOSK8

FIGURE 2.8. COMMUNITY MIRRORS DISPLAY8

Large screen displays (Figure 2.8) present visualisations (Figure 2.9) of how memes have
spread throughout the community, and show which ideas are most popular and which
are not. The spread of a meme gives insight into social groups and “cliques” within the
participants.
7
8

http://www.agsm.edu.au/~bobm/teaching/SimSS/glossary.html
Source: http://web.media.mit.edu/~vemuri/research-pub/community-mirrors.pdf
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FIGURE 2.9. COMMUNITY MIRRORS VISUALISATIONS8

Community Mirrors is an effective system because it allows users to interact while
socialising freely – there is no distinct boundary between just observing the system, and
actually interacting with it. The system integrates reasonably seamlessly into the party
environment. The potential for social embarrassment is low because everybody in the
environment is interacting in the same way, and only ever interact directly with one
other person at a time.

2.1.4. Ambient displays
Ambient displays are in a public area but are passive - they do not completely consume
the users’ attention, but wait for a user to become interested in the display at their own
accord, and don’t necessarily require user interaction. Most public displays fall into this
category at some time during normal usage.
In the case of this UniVote system, the outcome of voting is displayed so users can
monitor it, but the user doesn’t have to be distracted by it, or feel they must interact
with it. While some public display systems will thrive on frequent user input, the
UniVote system will continue to change and evolve when left idle, through news updates
and question changes.
The following subsection discusses an example of an ambient display.
2.1.4.1. BBC Big Screen
The BBC Big Screen project involves the installation of large (25 metre wide) displays in
prominent city centre locations. Screens are located in Manchester (Figure 2.10),
Liverpool (Figure 2.11), Birmingham, Hull and Leeds, and broadcast a wide range of
topics including news, sport, local events, music and short films. The displays are active
24 hours a day, with the sound muted from midnight until 7am.
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FIGURE 2.10. BBC BIG SCREEN MANCHESTER9

FIGURE 2.11. BBC BIG SCREEN L IVERPOOL 10

The displays do not allow for user interaction, and run a pre-defined programme.
Although I consider this to be a weakness, with a display in such a busy public area it
would be difficult to ensure that all user requests were met if, for example, they were
allowed to change the topic shown on the display.
These displays are situated in public locations, similar to how the UniVote system will
be used. When designing the system I should also consider muting the audio output of
the news component between certain times to prevent disturbing students living near a
display.

2.2. Interaction Thresholds
Brignull and Rogers (2003) suggest a theory of thresholds to model how users will
interact with a public display, which are shown in Figure 2.12.

FIGURE 2.12. INTERACTION THRESHOLDS (BRIGNULL AND ROGERS, 2003)

9

Source: http://www.slate.com/id/2105808/slideshow/2105846/entry/2105857/fs/0/
Source: http://en.wikipedia.org/wiki/BBC_Big_Screen
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The display will firstly have to attract the users’ attention, enticing them to come closer
to the display to investigate its functionality – this is the focal awareness threshold.
Once the user is within this threshold, the public display must further stimulate the
users’ interest and maintain this attention while offering a range of cues to suggest its
functionality and purpose. The social embarrassment factor is important here – the cues
given must reassure the user the potential for social embarrassment is low. The user will
be looking at (and in some cases, listening to) the display to pick up the display’s cues on
what it has to offer them, encouraging the user to pass the participation threshold.
At this stage the user will be closely immersed in the system and will be ready to interact
with it. Key cues to be represented by the display would include: how long the
interaction will take; what the user will get as a result of their interaction; what steps are
involved; how easy and comfortable will the interaction be; and, perhaps most
importantly, if the user is unable or unwilling to interact, can they walk away from the
system without a negative consequence to prevent social embarrassment.

2.3. Human Connectedness
In the previous two sections I have discussed how users can be enticed to interact with a
public display, and investigated the different types of public display, but I need to
consider one of the main purposes of a public display – how it will help to develop a
community in the environment it is situated in.
“Human connectedness” is the concept of developing displays that give a sense of presence
and awareness, and “enhance a sense of community and togetherness” (Agamanolis,
2002).
Through the development of public, community and situated displays for human
connectedness, Agamanolis (2002) suggests nine principles that could help develop an
effective display, which are summarised in Appendix A.
These principals should be taken into consideration when designing the UniVote system,
and can also be used to evaluate the system.

2.4. Evaluating Public Displays
Mankoff and Dey (2003) discuss the refinement of heuristics to provide quick feedback
about possible issues with a specific display. These heuristics can be used to help
evaluate the UniVote system, and are quoted in Appendix B.

2.5. Hardware
This section discusses the hardware necessary to implement the UniVote system.
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Two items of hardware are required for this project – the hardware that drives the
display, and the hardware through which users interact with the display.
As discussed in section 1, the mobile phone market in the UK is highly saturated, with
over 90% of the target users owning a mobile phone. Mobile phones also support a wide
range of communication methods, and therefore they are the ideal hardware through
which users will interact with the display. For development of this prototype system I
will be using a Nokia 6230, as I have access to this phone throughout the development
time of this project.
The hardware to drive the display has to be capable of receiving votes from mobile
phones (for the rationale of the selected communication method see the following
section), and outputting this data and other multimedia data to a front end. For
development of this prototype system I will be using an Apple PowerBook G4 running
Mac OS 10.4, although I will attempt to make the system backwards compatible with
Windows-based systems.

2.6. Connectivity
This section discusses the different communication protocols available and how they are
suitable to this system.

2.6.1. Bluetooth
Bluetooth is a wireless communications protocol running at 2.4 GHz, with a clientserver architecture, suitable for forming personal area networks. It is designed for low
power devices such as mobile phones, and is available in three classes: class 1 (100 mW)
has a range of 100 metres; class 2 (2.5 mW) has a range of 10 metres; and class 3 (1
mW) has a range of 1 metre. The most common class in mobile phones is class 2.
Communication speeds are around 300kbs and communication is bi-directional. No
line of sight is required between Bluetooth devices. Bluetooth now comes as standard on
the majority of mobile phones, and desktop computers can easily be fitted with a module
to allow Bluetooth communication.

2.6.2. Infrared
Infrared is a more common protocol than Bluetooth in household appliances (such as
TVs), but it is slowly being phased out of most mobile phones in favour of Bluetooth. It
has a very short range and communications speeds are slow. Infrared requires direct line
of sight between communicating devices.

2.6.3. GPRS
GPRS (General Packet Radio Service) is now coming as standard in most mobile
phones, and works by using unused TDMA (Time Division Multiplex Access) channels
in the GSM (Global System for Mobile Communication) network. Data rates are faster
than Infrared, but slower than Bluetooth, with realistic speeds of 60-80kbs, which
depend on signal quality. In contrast to the other two protocols, GPRS is chargeable,
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and is charged by network operators per megabyte. With prices of around £2 per
megabyte transferred, GPRS is particularly expensive.

2.6.4. Summary
It seems that Bluetooth is the most appropriate communications protocol for this
system. This is supported by the following features: no line of sight is required between
devices, so users will be able to interact with the system easily, and the communications
rate is easily sufficient for transferring small amounts of data as required. In addition, the
fact that it is free to use is a large advantage as the main users of the system will be
students around the university campus.

2.7. Software
This section discusses programming languages and software which can be used for
development of the client/server applications, front end, and the central database.

2.7.1. Client/Server Applications
As I have already decided that Bluetooth is the most appropriate communications
protocol for this system, the choice of languages are limited to those that support the
Bluetooth protocol. The only language available to me which satisfies this criterion is
Java.
Java is a multi-platform language that is made up of three versions. J2SE (Java 2
Standard Edition) is the version for desktop computers, J2ME (Java 2 Micro Edition) is
a cut down version which runs on the majority of recent mobile phones which support
Bluetooth, and J2EE (Java 2 Enterprise Edition) which is best suited for larger
distributed applications and is out of the scope of this project.
Java supports Bluetooth communication through the use of a Bluetooth stack. The
stack is the controlling agent that implements the Bluetooth protocol, and allows you to
control Bluetooth communication programmatically in Java applications. JSR-82 is an
open standard for developing Bluetooth-capable applications. It hides the complex
Bluetooth stack behind a set of familiar Java APIs.
Mobile phones have their own built in JSR-82 implementation to suit the Bluetooth
chipset in their device, which makes Bluetooth communication possible with J2ME
applications. For J2SE and Bluetooth integration on a desktop computer, a third-party
Bluetooth stack has to be used. I have chosen to use the avetanaBluetooth stack 11 as it is
the only stack which supports Mac OS X, and is also available for Windows and Linux
platforms. The structure of a Bluetooth stack is shown in Figure 2.13.

11

http://www.avetana-gmbh.de/avetana-gmbh/produkte/jsr82.eng.xml
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FIGURE 2.13. BLUETOOTH STACK

The client application will make use of the Service Discovery Protocol (SDP) to search
for available instances of the UniVote server service within range of the phone.
Communication between the client and the server will be carried out using the
RFCOMM protocol, which simulates the functionality of a standard serial port and
allows for the sending and receiving of data streams between devices.
The Object Exchange (OBEX) protocol is used to transfer objects (from object-oriented
languages) between devices. However, as the Nokia 6230 mobile phone I am using for
development doesn’t support OBEX, I will use my own methods to encode data streams
before being sent/received between devices. This will also ensure the system works with
as many phones as possible.

2.7.2. Front End
The front end of the system is the interface by which users interact with the system.
This section discusses the suitability of several applications to the development of the
front end.
2.7.2.1. Java
Java’s Swing environment for developing GUIs is not very suitable for developing the
front end of the system, as it restricts the layout of elements with a layout manager and
provides little scope for multimedia content. As one of the main challenges in designing
a public display is to entice users, I want more control over how the front end looks to
allow it to be designed as attractively as possible.
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2.7.2.2. Macromedia Director
Director is a multimedia authoring package which allows for the creation of rich content
applications suitable for a kiosk-oriented environment. It allows great flexibility in
layout, animation and multimedia content, as well as support for Shockwave 3D for
three-dimensional effects. Director can communicate with web-based applications, and
applications can be packaged into a single executable file for easy distribution.
2.7.2.3. Summary
Director seems a suitable application for developing the front end, as it will allow me to
create a highly attractive front end which makes use of animation, multimedia content
and 3D effects to help entice users to use this system. The front end can also be
packaged easily into a single executable file for easy distribution.

2.7.3. Central Database, Web Administration Site & Web Service
The central database for this system will be developed using MySQL, and the web
service will be written in PHP. The main reason for this is that I have experience using
these two technologies, and the cost of setting up a server to remotely host them is
within the scope of this project.
The central database and web service will be remotely hosted at univote.co.uk to allow
screens to be deployed wherever an Internet connection is available.

2.8. Client Application Distribution
This section discusses the possible methods by which the client application can be
distributed on demand to mobile phones requesting it.

2.8.1. WAP
Distribution via WAP involves setting up a static WAP site, written in WML (wireless
mark-up language). Users who wish to download the client application simply point
their phone’s WAP browser to an address (in this case, www.univote.co.uk) and select
a link to download the software. They can then choose where to save the client
application on their phone before opening it.

2.8.2. SMS Gateway & WAP Push
A “WAP push” is a method of distributing mobile software by “pushing” a mobile
phone’s WAP browser to a specific address. They are used in conjunction with an SMS
gateway, to “WAP push” mobile phones that send a text message to a specific number
(usually a short code number). For example, sending a text message with the keyword
GO to 87654 (a short code number) would result in a return text message that
automatically opens the mobile phone’s WAP browser and directs the user to the
UniVote client application download site. This distribution method is not financially
viable for this project, due to the costs involved with setting up an SMS gateway.
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2.8.3. Bluetooth
Distribution via Bluetooth involves constantly scanning for Bluetooth-enabled mobile
phones in the area, and attempting to send the software to any phones found. The user
can than accept or reject the transfer. While this is the most convenient method of
distribution for users of the system, it is also the most obtrusive – users who are
stationary in a UniVote area and are not interested in interacting with the system, may
have to reject the transfer several times in a short period of time. This method requires a
dedicated Bluetooth device to continue “flooding” the area with requests, and as the
Bluetooth device of the development system will be used by the UniVote system itself,
this method is therefore out of the scope of this project.

2.8.4. Summary
While WAP perhaps isn’t the most convenient and user friendly distribution method, it
is the only one that is within the scope of this project. WML files can be served on any
web server with the correct MIME types configured – the IIS web server hosting
univote.co.uk will be fine for distribution.

2.9. Summary
This chapter has introduced the public display field of ubiquitous computing, and
discussed existing systems and the aspects of their functionality relevant to the UniVote
system. Hardware, software and communications protocols have been evaluated, and it
has been decided that Java will be used for the client/server applications, Director for the
front end and PHP/MySQL for the central database, web administration site and web
service.
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3. D E SIGN

This chapter introduces the logic of the system and defines sets of requirement for each
component of the system. Designs are developed for each component, and design
decisions are documented.

3.1. System Name & Logo
The system will be called UniVote, which is a suitable name for a voting system to be
used in a university environment. It is important that the system is easily recognisable
around campus, yet distinguishable from other public displays which might exist. A clear
logo is therefore needed which communicates the usage and purpose of the system. I
have decided that the logo shown in Figure 3.1 will be best suited, as it incorporates the
traditional voting metaphor of marking a cross next to the option you wish to vote for.

FIGURE 3.1. LOGO DESIGNS

3.2. System Logic
This section discusses the logic for the system, and how questions will be organised and
grouped for distribution to different screens, which are discussed in the following
requirements section.
As the system will need to handle multiple screens, which may be situated in different
environments around the university campus, it is important that the university can
control which topics of questions appear on which screens. This introduces the concept
of a screen configuration – a list of settings for a particular screen that control which
questions appear on it and how the display looks and functions.

19

With a large database of questions, it would be very time consuming to manually select
the questions individually that you want to appear on a screen. I have introduced the
concept of question groups to group questions into topics, which can then be assigned to a
screen configuration.
For example, the university might create a question group called “LUSU Elections
2006”, and assign all election-related questions to that group. They can then quickly
specify if a screen configuration will show questions from this question group or not. If
they then decide to add or remove any questions from this question group, all screens
showing that question group will be automatically updated.
If a question is removed from a question group, it will become unassigned, and will not
show up on any screen configuration until reassigned to a question group. Individual
questions can be disabled if required, without affecting the status of any other questions
present in their group.

3.3. Requirements
This section lists the requirements for the overall system, and specific requirements that
each component of the system must satisfy.

3.3.1. Overall System Requirements
ID
R1.1

DESCRIPTION
The system should prevent each user from casting multiple votes on a question.

R1.2

The system should be able to run continuously for long periods without any user
intervention.
The system should be easy to configure to allow for fast deployment of new displays.

R1.3
R1.4

The system should carry out communication between the database and the server
application/front end using a standard port (e.g. 80) to allow for the system to run in a
firewalled environment such as a university network.

3.3.2. Front End Requirements
ID
R2.1

R2.5

DESCRIPTION
The display should cycle through the questions assigned to that display, clearly showing the
question for users to cast their vote on.
The display should show the current voting outcome of a question, and provide immediate
feedback of new incoming votes.
The display should periodically check for changes in its configuration – such as the questions
assigned to it, and its colour scheme – and update itself accordingly.
The display should show a news feed (as both text and video) which should be updated
regularly.
The display should show clear details on how users can cast a vote using their mobile phone.

R2.6

The display should show the current date and time.

R2.7

The display should deal with any errors as they occur, and should attempt to overcome the
errors to continue working as normal. The display should not crash on an error message
leaving it unavailable for users to interact with.
The display should be portable – the software should be easily transferable across machines,
and should run as a stand-alone executable application.

R2.2
R2.3
R2.4

R2.8
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R2.9
R2.10

The display should run at a relatively low resolution to ensure it runs on a wide variety of
screen hardware.
The display should mute the audio of the news video feed between the hours of 11pm and
8am to prevent disturbing students living nearby.

3.3.3. Client Application Requirements
ID
R3.1
R3.2

R3.3
R3.4
R3.5

R3.6
R3.7

DESCRIPTION
The client application should be very easy to use, walking the user through each step of the
voting process.
The client application should use standard J2ME APIs to ensure it inherits the look-and-feel
of the mobile phone operating system it is running on. Users should be able to use the
standard keys on their phone in the same way they would interact with any other application
running on their phone.
The client application should keep the user informed of what it is doing, and inform the user
if they are waiting for data communication to take place.
The client application should offer users the option of voting again after they have cast a vote,
until they have voted for all questions available on the display.
The client application should catch all errors and output a friendly error message to the user.
This is especially important when client/server communication is taking place due to the
instability of wireless connections.
The client application should run on as wide a range of J2ME and Bluetooth enabled phones
as possible.
The client application should be distributable OTA (over the air) using a WAP connection,
and should download quickly to minimize the cost involved with the one-off downloading of
the software for each user.

3.3.4. Server Application Requirements
ID
R4.1
R4.2
R4.3
R4.4

DESCRIPTION
The server application should be error free, and reliably coordinate communication between
client devices and the central database.
The server application should output a log of its activities to the user.
The server application should continue running and keep accepting client connections if an
error occurs, e.g. a client is in the middle of voting and disconnects.
The server application should be able to accept multiple simultaneous connections from
client devices.

3.3.5. Web Administration Site Requirements
ID
R5.1
R5.2

DESCRIPTION
The web administration site should be secure, and only allow university staff to login with a
username/password.
The web administration site should allow the user to:
- add/edit/delete/disable/enable questions
- assign questions to a question group
- specify a start and expiry date for a question if required
- add/edit/delete question groups
- add/edit/delete screen configurations to control which question groups appear on which
screens
- set screen options including a colour scheme, how often the questions are cycled and how
often full voting information is displayed
- view a list of questions, groups and screens
- view statistics on the voting outcome of questions, and see what times of day the system is
most popular
- simulate a screen configuration to check its operation before physically deploying a display
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R5.3
R5.4

The web administration site should inform the user of any database changes made and any
errors that occurred during a database operation.
The web administration site should be attractive, easy to use, and work on as wide a range of
modern web browsers and screen resolutions as possible.

3.3.6. Central Database & Web Service Requirements
ID
R6.1
R6.2

DESCRIPTION
The central database should be remotely hosted to allow UniVote displays to be used
anywhere with an Internet connection.
The central database should be normalized to avoid update/deletion dependencies and allow
for efficient operation of the system.

3.4. System Architecture
Figure 3.2 shows the overall architecture of the system, and with which components the
different types of users will interact.

FIGURE 3.2. SYSTEM ARCHITECTURE
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3.5. Front End
Figure 3.3 shows a possible layout for the front end, which takes into account the list of
requirements in section 3.3.2. The front end has been designed for a screen resolution of
800x600 to meet requirement R2.9.

FIGURE 3.3. FRONT E ND DESIGN

The layout is simple and shows the main focus of the display is the current question.
This is the most important thing that will entice users to interact with the display. Basic
voting information is provided at the bottom, and more detailed information can be
shown at an interval specified using the web administration site. A news video is shown
in the right column, with a scrolling RSS feed accompanying it. The three answer
options for the current question are shown, along with their percentages on a dynamic
chart which will update itself when new votes are cast. To save space on the display, and
to avoid repeating data, the answer options will highlight in succession, while at the same
time highlighting the bar of the chart corresponding to that answer, which makes it faster
for users to understand the chart without having to refer to a key.

3.5.1. Chart
I have decided that a bar chart is the clearest way to represent the voting data on the
front end. It is immediately clear which answer option has the highest number of votes,
and the sizes of the other bars will be calculated in proportion to this. No matter how
many votes have been cast, the height of the chart will always remain the same. While
ensuring the chart is obvious to the user, this also prevents the display from looking
“unused” if only a few people have cast their votes. This helps to reassure the user that
the system is well used by other people, and therefore their potential for social
embarrassment by interacting with the display will be low. I have decided that a 3D
chart would be best suited for this, as it will contrast with the 2D elements that make up
the rest of the display, to make the bar chart obvious to the user. This can be developed
using the Shockwave 3D component of Director, and will also allow for animation
effects as the chart is built.

3.5.2. Voting Information
The most important piece of information the user will need to know is how to cast their
vote. Casting a vote will consist of three stages: downloading the software, opening the
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software, following the instructions provided in the client application. Since the latter
two of these will be obvious, the voting information at the bottom of the display should
show the URL where the user can download the software, and the technologies their
phone needs to support to be compatible with the UniVote system.
A suitable sentence to show here might be:
How Do I Vote?
You can cast a vote with any mobile phone that supports
Java and Bluetooth. Download the voting software for
free
by pointing
your
WAP
browser
to
www.univote.co.uk.
To ensure the user understands the whole process of casting a vote, each step can be fully
described in a box which will slide up from the bottom of the display. This will show full
information on how to download, open and use the client application.

3.6. Client Application
Figure 3.4 shows a storyboard of the possible steps the make up the client application,
which meet the requirements in section 3.3.3.

FIGURE 3.4. C LIENT APPLICATION DESIGN

Each step of the client application will have a standardised layout: “UniVote” in the title
bar, a bold heading at the top informing the user what to do, and a multiple-choice list
so the user can select an action.
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To satisfy requirement R3.3, at any point when communication is happening between
the client and server applications, a progress gauge will be shown to the user. This is a
standard component of the API, implemented in a mobile phone manufacturers APIs to
match the look-and-feel of their operating system, and is normally shown when an
operation is taking place with an indefinite time span.
The following subsections discuss how multiple-choice selections are handled, and the
mapping of client application commands to mobile phone softkeys.

3.6.1. Multiple-Choice Selections
In the J2ME API, there are two components for implementing a single selection from a
set of predefined choices. Figures 3.5 and 3.6 show three questions in a List and a
ChoiceGroup respectively.

FIGURE 3.5. LIST

FIGURE 3.6. C HOICEGROUP

While List is the most common and suitable way to implement a multiple-choice
selection, its implementation in the Nokia MIDP API causes the font size to be set very
large, and it cannot be changed to a smaller size. This makes navigation through a long
list of selections quite confusing, as it’s very easy to “lose your bearings” of where you are
in the list.
A List may render using a smaller font size on other makes of mobile phone, however as
Nokia are the most popular manufacturer of mobile phones12, with over 15% more global
market share than any other manufacturer, it would be best to avoid using a List for
multiple-choice selections. Although a ChoiceGroup gives the appearance of a radio
button which is “toggled” on and off, it does allow the use of a smaller font size, and will
therefore make the client application clearer to use and help to satisfy requirement R3.6.

3.6.2. Softkey Mappings
Commands are used to confirm user selections in J2ME MIDlets, and are mapped to the
softkeys of a device according to the type and priority of the command. This enables
J2ME applications to adapt a device’s look-and-feel, while staying independent of a
specific device. The Nokia 6230 I am using the develop this system has three softkeys,
which are shown in Figure 3.7.

12

http://news.bbc.co.uk/1/hi/business/4257999.stm
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FIGURE 3.7. NOKIA 6230 SOFTKEYS AND COMMANDS

Nokia’s Series 40 (the operating system of the 6230 model) MIDP specifications13
summarise command types and on which softkey they should be placed. An abridged
version of commands relevant to this project is detailed in Table 3.1.
COMMAND
TYPE
Item

SCOPE IN THE C LIENT
APPLICATION
The command which will
confirm the users selection in a
multiple-choice selection list.

Exit

The command which will exit
the application once a fatal
error has occurred, or the user
has voted on all questions
available to them.
TABLE 3.1. MIDLET COMMAND MAPPINGS

INTENT
MIDlet-defined command
relevant to the specific item
in the display. Context
sensitive.
Exit the MIDlet.

DEFAULT
PLACEMENT
Main or left
softkey

DEFAULT
LABEL
Select

Right softkey

Exit

To ensure that I meet requirement R3.2, the client application will use the default
placements and labels for the commands listed in Table 3.1. For the “Item” command
type, I will specify a high priority to ensure the command is shown on the main softkey,
as this is the most physically prominent of the softkeys on the Nokia 6230, as can be
seen in Figure 3.7.

3.7. Server Application
As requirement R4.1 states, the server application must coordinate communication
between client devices and the central database. Table 3.2 illustrates how data will
move between the server application, client application and the central database.

13

http://sw.nokia.com/id/c42559a9-6426-42de-947f-c6da328057a8/MIDP_Command_Mappings_In_Nokia_S40_Devices_v1_0.pdf
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STEP
1
2
3

DESCRIPTION
User opens the client application on their mobile phone. Client application searches for the nearest
instance of the UniVote server application.
Server application accepts incoming connection.

4

Server application retrieves the questions for the connected client device from the central database,
and logs this action.
Server application sends the questions to the client device, and logs this action.

5

User casts a vote, which is sent to the server application.

6

Server application saves the vote to the central database, and logs this action.

7

Steps 5 and 6 are repeated while the user wants to continue voting and still has questions available
to vote on.
User closes the client application, which closes the connection to the server application. This action
is logged in the server application.
TABLE 3.2. MOVEMENT OF D ATA TO/FROM THE SERVER APPLICATION

8

The aesthetics of the server application are not very important, since it will never be seen
by users of the UniVote system. However, it must output a log of events which can be
checked by administrators (R4.2). Figure 3.8 shows a possible design for the server
application.

FIGURE 3.8. SERVER APPLICATION D ESIGN

As the system will be running without user intervention for long periods of time, the log
should output a date and time stamp with each activity. Errors should be made clear
and be obvious in a large log file. For example:
[19/12/05 3:38:35 PM] Welcome to UniVote.
[19/12/05 3:38:44 PM] Starting Bluetooth... failed.
[19/12/05 3:38:44 PM] ERROR: Unable to start server.

The text field at the top of the server application will allow the administrator to specify
the screen configuration that this instance of the UniVote server application will run.

3.8. Web Administration Site
To meet the requirements in section 3.3.5, and ensure that the web administration site is
easy to navigate, I suggest that it is structured as shown in Figure 3.9.
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FIGURE 3.9. WEB ADMINISTRATION SITE STRUCTURE

The web administration site shall be written to comply with web standards. Web
standards is the movement away from mixing content and presentational code, to
producing structured, hierarchical and efficient code through the use of XHTML and
CSS. This will ensure the site is quick, easy to update in the future and is compatible
with as wide a range of modern web browsers as possible.
The web administration site will feature a prominent main menu, consisting of the six
main sections (coloured green in Figure 3.9). A tabbed menu is best suited for this
feature as it allows the current section to be marked as “active”. A proposed design for
the web administration site is shown in Figure 3.10.

FIGURE 3.10. WEB ADMINISTRATION SITE DESIGN
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To meet requirement R5.4, the web administration site will feature a fixed-width area of
760 pixels. This will ensure that the site fits on 800x600 and above screen resolutions
without horizontal scrollbars.
To ensure that the web administration site is used correctly by a system administrator,
JavaScript will be used to validate form contents before any changes are made to the
database.

3.9. Central Database & Web Service
To ensure that the central database is normalized and meets requirement R6.2, I suggest
that it is made up of the tables as described in Table 3.3, which have the relationships
shown in Figure 3.11.
TABLE NAME
questions

groups
screens

screens_groups
votes

TABLE DESCRIPTION
This table will contain records which represent a question in the system. It will have
fields for each answer option, whether the question is disabled, which question
group the question resides in, and a start and expiry date if applicable.
This table will contain a record for each question group. It will have fields for name
and description.
This table will contain a record for each screen configuration. It will have fields for
name, description, colour scheme, how often the current question changes, and
how often the detailed voting information is shown. It will also record if a screen
shows all available questions, or only specific groups of questions.
This table will store the mapping between a screen configuration and the groups of
questions available to it.
This table will contain a record for each vote cast, with fields for the voting date,
question, answer option voted for, and the Bluetooth address of the phone casting
the vote.
TABLE 3.3. C ENTRAL D ATABASE TABLES

FIGURE 3.11. ENTITY RELATIONSHIP DIAGRAM

The database will be structured as shown in Appendix C.
To meet requirement R1.4, that the system is usable behind a firewall, a web service is
needed to pass data from the database to the server application on an “open” port such as
80. A remotely hosted MySQL database will run on port 3306, which is likely to be
blocked by a firewall. Therefore a JDBC MySQL connector will be unable to connect
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to the UniVote database on the university network, rendering the system unusable. A
web service is also needed to pass database data to the front end, as there is no easy and
convenient way of connecting a Director application directly to a MySQL database.

3.10. Client & Server Communication
This section discusses how the system will deal with client/server communication in a
multi-screen environment, and details the methods which will be used to transmit data
between client and server applications.

3.10.1. Multi-Screen Environments and the UniVote Service
Bluetooth applications use the concept of services to distinguish themselves from other
Bluetooth applications which may be available in a given area. The UniVote system will
therefore require its own service name, and a unique ID to represent it.
The server application will advertise itself to other Bluetooth devices with the service
name UniVoteServer, and the unique ID 00112233445566778899AABBCCDDEEFF.
When the client application attempts to search for the UniVote server, it will search
directly for this unique ID.
In the case of a multi-screen environment, the client application will connect to the
server application instance that is physically nearest to the user’s mobile phone. While
this doesn’t guarantee the user will be connected to the display they are standing in front
of, and intending to interact with, it is extremely likely that this will be the case, as the
UniVote system is unlikely to be used in concentration in a small area.

3.10.2. Data Stream Transmission & Encoding
As discussed in section 2.7.1, and to meet requirement R3.6, I will not be using the
OBEX protocol to transfer Java objects between the client and server applications, to
ensure backwards-compatibility of the system with non-OBEX capable phones – such as
the Nokia 6230 mobile phone I am using for developing this system.
Therefore, data will be transferred as strings between the client and server applications
using the writeUTF method, and encoded as described in Table 3.4.
The : character denotes a field change, the ; character terminates the current record.
Table and field names are listed in the central database schema (see Appendix C).
ACTION

ENCODING

Server application sending
questions data to client
application.
Client application sending vote
response to server application.

For each question:

<questions.q_id>:<questions.q_content>:<questions.a_1>:
<questions.a_2>:<questions.a_3>;
<votes.q_id>:<votes.a_id>:<votes.c_id>;

TABLE 3.4. DATA STREAM ENCODING

For simplicity, I will use the same encoding scheme in the web service, for data transfer
between the central database and the server application/front end.
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3.11. Summary
This chapter explained the logic behind the UniVote system and defined a set of
requirements for each component of the system. It was shown how the components
work together in a system architecture diagram. Possible designs were developed for
each component, and major design decisions and justifications were documented.
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4. I MPLE ME N TATION

This chapter documents the implementation of the system using the criteria set out in
the previous chapter, and is split into sections for each component of the system.

4.1. Front End
Figures 4.1 and 4.2 show the two main screens that make up the front end.

FIGURE 4.1. INITIALISATION SCREEN

FIGURE 4.2. VOTING SCREEN
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Figure 4.1 shows the initialisation screen which is shown when the front end is loaded.
The user enters the name of the screen configuration (as defined using the web
administration site) and clicks on the “Start” button to begin. The front end then
checks if the screen configuration exists, and if it does then it proceeds to load the
question, answer and voting data for that screen. Once this is complete the voting screen
(Figure 4.2) is shown, and the display is ready to use.
The front end is defined in Director as a score of scripts and events, and doesn’t follow
object-oriented programming principals. Figure 4.3 shows the score of the front end,
which is annotated to explain the sequence of events during normal operation.
1
2
3

FIGURE 4.3. FRONT E ND SCORE

Each of the points between the numbers 1-70 represents a frame. Each frame can have
its own script (point 2) and a marker (point 1). Scripts in Director are written in the
Lingo programming language, with commands which are very similar to the English
language. Markers are a convenient way of jumping through the score from one frame to
another using Lingo. For example, the code go to “main” will jump to the main
marker and resume playback from there, however you can also navigate the score frameby-frame with code such as go to the frame + 1 to go to the next frame. There are
a number of channels (point 3) which contain the sprites that make up the front end.
Table 4.1 lists the actions carried out at each marker. The first marker (not fully visible
in the score) is called screen. Table 4.2 describes some important global variables14 and
functions.
NAME
screen

main

ACTION
Shows the initialisation screen and holds on this frame until the user has entered a screen
configuration name and clicked on the “Start” button.
Starts the interaction with the UniVote web server to download the necessary screen
configuration and questions/answers/votes data.
Shows the main voting screen.

next

Advances the display onto the next question.

infoup

Slides the “How Do I Vote?” panel upwards to show detailed voting information, and holds
in this location for twenty seconds.
Slides the “How Do I Vote?” panel downwards to its original position.

init

infodown

TABLE 4.1. SCORE MARKERS

14

There are two types of variables in Lingo: local and global. Local variables are only available in the scope of the script they are defined
in, however global variables are available throughout the entire score. Global variables allow me to perform actions over more than one
frame and allow me to program the front end more efficiently, and make it easier to update in the future.
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NAME

DESCRIPTION

GLOBAL VARIABLES
questionViewedLast

screenColour
screenColourR
screenColourG
screenColourB
questionChangeInterval
voteInfoInterval

The ID of the question which was viewed last on this display. This is
stored for use with the randomQuestion function to ensure that the user
doesn’t see the same question more than once in a row.
An integer value to represent the colour scheme of this display. 1: Red; 2:
Blue; 3: Green; 4: Black.
The red, green and blue components of the screenColour variable.

How often this display changes the current question, in seconds.
How often this display expands the voting information panel, in number
of questions.
Records the number of questions which have been shown on the screen.
Used to calculate when to expand the voting information panel. This is
reset to 0 each time the voting information panel is expanded.

questionTicker

BUILT-IN LINGO FUNCTIONS
getNetText
Retrieves text from a file on a web server, and stores a reference to the
request in a specified variable.
netDone
Checks the status of a specified getNetText reference. Returns true if
complete, or false the text is still being retrieved.
netTextResult
Returns the text received with a specified getNetText operation. If the
value returned is to be compared with integer values, the integer()
function needs to be used to convert it to an integer.
MY LINGO FUNCTIONS
theme
Uses the global variables screenColourR, screenColourG and
screenColourB to change background colour of the scrolling news field
and the time display area.
buildBarChart
Takes two parameters, a list of three heights and a list of three percentages,
and renders a bar chart with increasing percentage values as it is drawn on
the display. The heights are a percentage value of how high the bar is in
relation to the total height of the bar chart area. The percentages are the
actual vote percentage of each bar.
randomQuestion
Lingo code:
if numberQuestions = 1 then
return 0
else
rnd = random(integer(numberQuestions)) – 1
if rnd = questionViewedLast then
return randomQuestion()
else
return rnd
end if
end if

TABLE 4.2. IMPORTANT G LOBAL V ARIABLES AND FUNCTIONS

Appendix D summarises the main actions carried out in each script, in the order they
appear in Figure 4.3.

4.2. Client Application
Figure 4.4 shows the screens which make up the client application, and the routes that
the user can take through the application.
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FIGURE 4.4. C LIENT APPLICATION ROUTES

The client application runs from a single UniVote class, whose methods are described
and pictured in Appendix E, in the order they are carried out in a typical session.

4.3. Server Application
Figures 4.5 and 4.6 show the server application in its initial state and when ready to
accept incoming connections respectively.

FIGURE 4.5. SERVER APPLICATION IN ITS INITIAL STATE
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FIGURE 4.6. SERVER APPLICATION READY TO ACCEPT INCOMING CONNECTIONS

The server application comprises of six classes which are described in Appendix F.
Figure 4.7 is a UML class diagram of the server application, and shows the methods and
variables in each Java class.

FIGURE 4.7. SERVER APPLICATION UML C LASS D IAGRAM
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4.4. Web Administration Site
The web administration site has been implemented according to the structure decided
upon in Figure 3.9, and runs at www.univote.co.uk/admin. Sections 5.1 and 5.4
show the web administration site in use.

4.4.1. Simulator
The simulator section of the web administration site features an embedded version of the
front end, to allow system administrators to test a screen configuration directly in the
site itself.
While implementing this feature, it was considered useful to provide a means of casting a
vote quickly using a “virtual phone” (Figure 4.8). This allows system administrators to
fully test the UniVote system online before physical deployment. The virtual phone has
a simulated Bluetooth address of 000000000000, and functions similarly to the Nokia
6230 phone it emulates. The centre button is used for selection and scrolling. There is
also a link to delete all simulated votes from the database, to prevent them influencing
real-world voting outcomes.

FIGURE 4.8. VIRTUAL PHONE

4.4.2. Constraints
When adding a question to the system, system administrators have free control over the
text entered. It is therefore necessary to ensure that a long question title or answer
option will not “break” the front end, causing text to overflow beyond its designated
area.
This introduced a challenge. The font used in the front end is not fixed-width (each
character is a different amount of pixels wide), and therefore a set number of characters
will not necessary define the amount of characters which can fit in the available space.
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The “Lorum Ipsum”15 passage is used widely in the printing industry as placeholder text.
It contains the normal distribution of letters as found in the average English sentence, and
will give a more accurate guess as to how many characters can fit in a fixed space.
Through entering a sentence into the front end, it was found that the question title
should be restricted to 70 characters, and the answer options to 15 characters, to ensure
no text overflows beyond the space available to it.

4.4.3. JavaScript Validation
JavaScript validation is used on most forms on the web administration site, to ensure
that fields have been completed correctly. Table 4.3 documents how, and on which
pages, it has been used.
SECTION
Manage Questions

PAGES
New Question
Edit Question

Manage Groups

New Group
Edit Group
New Screen Configuration
Edit Screen Configuration

Screen Configuration

Statistics

VALIDATION
Checks the “Question”, “Answer Option 1”,
“Answer Option 2” and “Answer Option 3” fields
are not blank, and that an option has been selected
in the “Question Group” field.
Checks the “Name” and “Description” fields are not
blank.
Checks the “Name” and “Description” field are not
blank, and that an option has been selected in the
“Colour Scheme”, “Question Change Interval” and
“Voting Information Interval” fields.
Checks that an option has been selected in the
“Screen Name” field.

Voting Results
Hourly Voting Timeline
Daily Voting Timeline
TABLE 4.3. JAVASCRIPT V ALIDATION

4.6. Central Database & Web Service
The central database has been implemented at univote.co.uk using the phpMyAdmin
configuration tool, according to the schema shown in Appendix C.
The web service supplies data from the central database to the front end and server
through
PHP
files
at
www.univote.co.uk/director
and
www.univote.co.uk/server respectively.
Appendix G lists these files, their
functionality, and the parameters passed to each file using a query string. The data
returned is encoded using the scheme described in section 3.10.2.

4.7. Sequence of Events
Figure 4.9 shows the typical sequence of events when a user casts a vote. This sequence
diagram assumes the user already has the software on their phone, and doesn’t take into
account the logging of messages in the server application.

15

http://www.lipsum.com
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FIGURE 4.9. VOTING SEQUENCE D IAGRAM

4.8. Summary
This chapter has described how each component of the UniVote system has been
implemented, including method descriptions and sequence diagrams.
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5. S YSTE M O PE RATION

This chapter is a walkthrough of a typical session of interaction with the UniVote
system.
This walkthrough assumes that the user wishes to set up a completely new screen to be
located in the university underpass to gather votes on an upcoming student union
election, and that users do not have the software already on their phone from a previous
voting session.

5.1. Setting up a Screen using the Web Administration Site
The first stage involves a system administrator using the web administration site to
configure a new screen, and set up a group of questions to appear on it. This can be
done on any computer connected to the Internet.
STEP
1

SCREENSHOT

DESCRIPTION
The system administrator logs into the
web administration site.
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2

The system administrator selects the
Manage Groups tab, then selects the
New Group link to define a new
question group. The Name and
Description fields are completed with
relevant information.
Once clicking the Save Group button,
the system administrator is notified
that the group has been saved.

3

The system administrator now needs
to add questions to this newly created
LUSU Elections question group.
The system administrator selects the
Manage Questions tab, then selects the
New Question link to add a new
question. The fields are completed
and this question is assigned to the
LUSU Elections group.
As elections are a time-sensitive
subject, start and expiry dates are
applied.

Once clicking the Save Question
button, the system administrator is
notified that the question has been
saved.

4

The system administrator completes
this step for a second question.
To check that the two questions have
been saved into the LUSU Elections
group, the system administrator can
use the List Questions & Groups link.
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5

Now the system administrator has
assigned two questions to the LUSU
Elections group, they must create the
screen configuration which will map this
group to the screen located in the
underpass.
The system administrator selects the
Screen Configuration tab, then selects
the New Screen Configuration link to
add a new “Underpass” screen
configuration.
The fields are completed, and the
system administrator selects that they
only want specific groups of questions
to be shown on this screen - in this case
the LUSU Elections group only. The
system administrator has selected that
this screen will change question every
minute, show
detailed voting
information every five questions, and
will have a blue colour scheme.
Once clicking the Save Screen
Configuration button, the system
administrator is notified that the screen
configuration has been saved.

6

To check that the screen configuration
has been saved correctly, the system
administrator can use the List Screens
link.

5.2. Starting the Server Application and Front End
This stage is carried out by a system administrator on the computer which is physically
connected to the large screen that will run the UniVote system.
STEP
1

SCREENSHOT

DESCRIPTION
The server application is started.
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2

The system administrator enters the
name of the screen configuration this
server instance is running – in this case
the underpass screen configuration
defined in the previous section.
The server is now listening for
incoming connections from mobile
phones running the client application.

3

The system administrator starts the
front end and enters the name of the
screen configuration this front end
instance is running – in this case the
underpass screen configuration defined
in the previous section.

4

The front end loads data from the
web service.

5

The system is now ready to use – the
server application is listening for
incoming connections, and the front
end is ready to communicate visually
with users of the system.
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5.3. Casting a Vote
Now the system is ready for user interaction, users can download the client application
and use it to cast a vote. The screenshots in the following table are taken from a Nokia
6230 mobile phone. The exact procedure of downloading the client application will vary
on different mobile phones.
STEP
1

SCREENSHOT

DESCRIPTION
The user opens their mobile phones’ WAP browser.

2

The user specifies that they wish to visit the UniVote
download site, www.univote.co.uk.

3

The user arrives at the UniVote download site and
selects the Download link.
They are shown
information about the application and can accept or
cancel the file transfer.

4

The client application is downloaded to the phone’s
default application download location, and the user
has the option of opening it now or later.

5
6

The user opens the client application and casts a vote, as described in Figure 4.4.
The server application logs this
activity.
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7

The front end updates with the vote
cast.

5.4. Viewing Voting Statistics
Once users of the system have cast votes, system administrators can view voting statistics
using the web administration site. This can be done on any computer connected to the
Internet.
STEP
1

SCREENSHOT

DESCRIPTION
The system administrator logs onto
the web administration site, selects the
Statistics tab, then selects the Voting
Results link.
Once selecting the “Underpass” screen
configuration, and clicking the View
Statistics
button,
the
system
administrator can see the number of
votes cast on each question, and bar
and pie charts which represent this
data.
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2

The system administrator selects the
Hourly Voting Timeline link.
The system administrator is shown
how voting on the “Underpass” screen
configuration is spread throughout the
day in half-hour intervals.

3

The system administrator selects the
Daily Voting Timetable link.
The system administrator is shown
how voting on the “Underpass” screen
configuration is spread averagely over
the course of a week.

5.5. Summary
This chapter has shown a walkthrough of the typical real-world usage of the UniVote
system, from adding questions and configuring a screen, to setting up the server and front
end, casting a vote and viewing voting statistics in the web administration site.

46

6. T E STING & E VA L UATION

This chapter describes and discusses both the real-world and black box testing carried
out on the UniVote system, and gives an evaluation of the functionality and user
interface of the system.

6.1. Real-World Testing
This section describes and shows results of the real-world testing procedure carried out
on the system.

6.1.1. Procedure
To test the system in a real-world environment, I went into a practical session consisting
of twenty seven first year Computer Science students. The front end of the system was
running on a projected screen at the front of the room (Figures 6.1 through 6.3), and
participants were asked to complete two worksheets (see Appendices J and K).

FIGURE 6.1. FIRST YEAR PRACTICAL SESSION

FIGURE 6.2. PROJECTED FRONT E ND

FIGURE 6.3. PARTICIPANTS COMPLETING WORKSHEET 1
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Before the testing session began, two question groups were created to separate the
questions added to the system as part of worksheet 1, from the small selection of
questions shown on the projected front end. The CSc110 group was an empty group
where participants were to add their own questions, and the Testbed group contained
three questions which were shown on the projected front end.
Prior to the practical session the web administration site was slightly modified to restrict
participants to the Manage Questions and Statistics tabs only. This was to ensure that
participants could not change any settings which would affect the outcome of the testing.
The session began with a brief presentation (see Appendix H), introducing the
participants to the UniVote system to give an insight into the context the system would
be used under in a real-world situation.
All participants were asked to complete worksheet 1. This worksheet involved
participants logging on to the web administration site, adding their own question to the
CSc110 group, editing their own question, and answering a range of questions about the
usability of the system in general.
Any participants who also had a Java and Bluetooth-capable mobile phone were then
asked to complete worksheet 2. This worksheet involved participants downloading the
client application, casting a vote, viewing the voting outcome on the projected front end,
and checking the voting statistics using the web administration site.
The results of both worksheets are discussed in the following four subsections.

6.1.2. Worksheet 1 Results
Of the twenty seven students in the practical session, twenty three completed worksheet
1. 91% (21 students) of the participants were male, 9% (2 students) were female. The
average age of the participants was 19.78 years old, with a distribution as shown in
Figure 6.4. The results are shown in Table 6.1 and evaluated in the following section.

FIGURE 6.4. WORKSHEET 1 AGE D ISTRIBUTION

48

Would you use this sort of system if it were
deployed around university campus?

How well do you think this system is suited to
deployment around campus?

How easy to use did you find the system to be?

If your phone has Java support, have you ever used
this feature before?

If your phone has Bluetooth support, have you ever
used this feature before?

If your phone has WAP support, have you ever
used this feature before?

Have you previously interacted with large screen public displays such as UniVote?

TABLE 6.1. WORKSHEET 1 RESULTS
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6.1.3. Worksheet 1 Evaluation
Initial reactions to the UniVote system were positive, with the large majority (87%) of
participants agreeing they would use this sort of system if it were deployed around the
university campus, and no participants finding the system particularly difficult to use.
One participant particularly liked the idea of anonymous decision making, while another
suggested that its real-world usage would depend on the questions available on the
system.
The type of questions available are obviously crucial to the success of the system.
Participants suggested (participant numbers given in brackets) topics including:
university-related decisions, e.g. where to build more parking spaces (2, 22), suggested
new bus routes (8); student topics, e.g. student elections (15, 16), how to improve
campus facilities for students (11, 18); current affairs (21); or just anything fun or useful
(9).
Over two thirds of participants feel that the UniVote system is suited for deployment
around campus. However, there are two problems which should be addressed first.
Firstly, participant 8 comments that on smaller screens the news feed video would be
“kind of annoying”, suggesting that it would be too small to be useful. A possible
improvement might be to consider different front end layout schemes for different display
hardware.
Secondly, the performance of the animated bar chart is too slow, as suggested by
participants 9 and 20 and discussed with myself during the practical session. A positive
point is that the system gives immediate feedback on receiving a new vote, so the user
can see evidence of their interaction immediately, however, as pointed out correctly by
participant 9, if there were high levels of voting, the bar chart would be continually
redrawing. A possible improvement might be to consider scheduling bar chart updates at
set intervals, while still providing instant notification of a new incoming vote.
Of the twenty three participants, 74% had a mobile phone with Java support, 70% with
Bluetooth support, and 91% with WAP support. One interesting result is that 43% of
participants were inexperienced with using the WAP feature of their phone, which might
introduce problems in downloading the client application to their phone. Depending on
the outcome of worksheet 2, other distribution methods might prove to be more
suitable. Only 21% of participants had any sort of prior interaction experience with a
large screen public display system such as UniVote.

6.1.4. Worksheet 2 Results
Of the twenty three participants who completed worksheet 1, only 9 participants (39%)
completed worksheet 2. The results in Table 6.2 show that 70% of participants had a
mobile phone with Bluetooth support (and therefore presumably Java support), so I
would have expected a higher participation rate in worksheet 2. This reinforces the
concept that enticing a user to interact with a public display is a major design challenge
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(see section 2.1.2), and that simply saying you will interact (as 87% did) is different from
actually taking the time and effort to interact.
Mobile Phone Manufacturer

Vote Cast Successfully

TABLE 6.2. WORKSHEET 2 RESULTS

6.1.5. Worksheet 2 Evaluation
Contrary to the evidence discussed in section 3.6.1, the most popular mobile phone
manufacturer amongst the participants was Sony Ericsson. As manufacturers are free to
implement their own version of the MIDP API to implement device-specific features, it
is possible that the client application would have runtime errors on these phones.
Participant 12 who encountered a Java exception when running the client application
proved this. Participant 1, who was using a Nokia 6320i mobile phone – which has the
same MIDP API and specifications as the Nokia 6230 used for development – had no
problems voting. This makes it apparent that the client application needs to be tested
on a wider range of mobile phones and modified accordingly.
A minor coding error in the server application led to unpredictable system behaviour
during the testing session, causing the client application to send all questions (i.e. those
in both the CSc110 – from worksheet 1 – and the Testbed groups) to the client
application. Only the three pre-defined questions in the Testbed group should have been
sent. Participant 15 came across this error and didn’t continue voting, while participant
22 continued voting by searching through the long questions list for the current
question. The black box testing carried out on the system in the following section will
ensure that this type of coding error does not occur again in the server application.
While WAP was originally considered as the most appropriate distribution method (see
section 2.8) it has become apparent through this testing that only 4% of participants
used WAP often, and 43% had never used it at all. Many participants were unsure how
to use their phones’ WAP browser software, and required prompting by myself to find
the option for entering a manual address. Participant 9 could access the WAP
download site, but was unable to download the client application due to conflicting
security permissions on his mobile phone and the WAP site. It has become clear
therefore that a more user friendly method of distribution is required, such as an SMS
gateway (as suggested by participant 22, but financially out of the scope of this project)
or application transfer via Bluetooth at the location where the display is physically
located.
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Aside from these problems, the general consensus of the client application was highly
positive. Participant 20 found it easy to use, while participant 23 commented that it was
user friendly.
Participants also had a good experience in viewing voting statistics and timelines using
the web administration site. Participant 23 found the statistics particularly clear and
easy to read at a glance, while participant 9 commented that the voting timelines were
well presented and easy to understand.

6.2. Black Box Testing
This phase of testing involves examining each component of the UniVote system as a
black box system. The following four subsections list the tests carried out, and the
expected and actual behaviour of the system. Tests were carried out on the development
system and a Nokia 6230 mobile phone.

6.2.1. Server Application
ACTUAL

RESUL
T

None

BEHAVIOUR
As expected

1 PASS

As expected

PASS

1 PASS

As expected

PASS

1 PASS

As expected

PASS

Log “ERROR: The screen
name “blackbox” does not
exist.”

1 PASS

As expected

PASS

Log “Using screen
configuration: “underpass””.

1 PASS

As expected

PASS

Log “Using screen
configuration: “underpass””.

1 PASS

As expected

PASS

Server application initialises
the avetanaBluetooth stack,
outputs the Bluetooth
address of the server device,
and listens for incoming
connections.
Gets list of questions valid for
the client device, opens
connection to the client
device and sends the
questions. Logs this activity.

1+(6 or 7) PASS

As expected

PASS

1+(6 or 7) PASS

As expected

PASS

#

TEST

EXPECTED BEHAVIOUR

PRECONDITION

1

Launch server
application.
Enter no screen
name, press Enter.
Enter no screen
name, click Start.
Enter a non-valid
screen name
“blackbox”, press
Enter.
Enter a non-valid
screen name
“blackbox”, click
Start.
Enter the valid screen
name “underpass”,
press Enter.
Enter the valid screen
name “underpass”,
click Start.
Valid screen name
has been entered.

Server application starts and
outputs welcome messages.
Log “ERROR: You must
enter a screen name”.
Log “ERROR: You must
enter a screen name”.
Log “ERROR: The screen
name “blackbox” does not
exist.”

2
3
4

5

6

7

8

9

Client connects and
retrieves questions,
for a screen showing
all question groups.

PASS
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10

Client connects and
retrieves questions,
for a screen showing
specific groups of
questions.

Gets list of questions valid for
the client device, opens
connection to the client
device and sends the
questions. Logs this activity.

1+(6 or 7) PASS

Server sends
all question
groups to the
client device,
not just the
questions
from the
groups
specified to
show on this
screen.

FAIL

TABLE 6.3. SERVER APPLICATION TEST C ASES

Test 10 failed due to a minor coding error which meant that the screen name was not
being passed over to the web service. Therefore, the questions data returned by the web
service were for all question groups, not just those question groups to be shown on a
specific screen. Although this is not a critical error – the system is still usable – it
presents a usability problem as the user must search through a long list of questions on
their phone to find a question which is active on the screen they are interacting with. As
the coding error is so small, this can easily be fixed now before further testing the system.
All other test cases for the server application passed without error.

6.2.2. Client Application
ACTUAL

RESUL
T

None

BEHAVIOUR
As expected

None

As expected

PASS

None

As expected

PASS

None

As expected,
2 questions
are shown.

PASS

4 PASS

As expected

PASS

4+5 PASS

As expected,
1 question is
shown.
As expected

PASS

#

TEST

EXPECTED BEHAVIOUR

PRECONDITION

1

Launch client
application, server
application not
running.

2

Launch client
application, Bluetooth
turned off.

3

Launch client
application, Bluetooth
on, server application
running but no screen
name has been entered.
Launch client
application, Bluetooth
on, server application
running and ready to
accept incoming
connections.
Select the first question
and cast a vote.
Select “Yes” to voting
again.

Client application searches
for server, then outputs
“Error: A UniVote server
could not be found within
range of your phone”.
Output “Your phone doesn’t
support Bluetooth
connectivity, or it is currently
turned off.”.
Client application searches
for server, then outputs
“Error: A UniVote server
could not be found within
range of your phone”.
List of questions shown.

Vote arrives at server
application.
List of questions shown, the
question just voted on
should not be in the list.
Client application closes,
connection to server closed.

4

5
6

7

Close the client
application without
voting again.

4 PASS

PASS

PASS
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8

9

Launch client
application, Bluetooth
on, server application
running and ready to
accept incoming
connections.
Launch client
application, Bluetooth
on, server application
running and ready to
accept incoming
connections. This
phone has already
voted on all questions
available.

List of questions shown, only
1 question should be shown,
the question voted on in
Test 5 should not be in the
list.

4+7 PASS

As expected

PASS

Client application searches
for server, then outputs
“Goodbye! You have already
voted on every question
available on this screen.
Thanks for using UniVote!”.

Client already
voted on the
questions available
on this screen.

As expected

PASS

TABLE 6.4. C LIENT APPLICATION TEST C ASES

All test cases for the client application passed without error. Tests 8 and 9 show that
the client application (and web service) correctly prevent multiple voting, even when
votes are cast over different sessions of the client application.

6.2.3. Front End
For this testing procedure, the front end is run with a screen configuration consisting of
two questions (Figure 6.5), changing question every minute, and showing detailed voting
information after every three questions.

FIGURE 6.5. FRONT E ND TEST QUESTIONS
ACTUAL

RESUL
T

None

BEHAVIOUR
As expected

1 PASS

As expected

PASS

#

TEST

EXPECTED BEHAVIOUR

PRECONDITION

1

Launch front end.

2

Click the Start
button without
entering a screen
configuration name.

Front end starts and shows
initialisation screen (Figure
4.1).
Nothing

PASS

54

3

Enter a non-valid
screen configuration
name, click Start.

4

Enter a valid screen
configuration name,
click Start.

5

First question shown
is the top question in
Figure 6.X.

6

Vote is cast on the
top question in Figure
6.X.

7

Vote is cast on the
second question in
Figure 6.X, while the
current question is
the first question.
Vote is cast on the
second question in
Figure 6.X, while it is
the current question.
A new question is
assigned to this screen
using the web
administration site.

8

9

10

11
12
13

The colour scheme
of the screen is
changed using the
web administration
site.
The front end is
started at 18:56.
The front end is
started at 02:04.
The front end is
started at 08:00.

Front end shows “Please
Wait…” while it checks the
web service to see if the
screen exists. Returned to the
screen configuration name
prompt.
Front end shows “Please
Wait…” while it checks the
web service to see if the
screen exists, then downloads
screen data. Voting screen
(Figure 4.2) is shown.
Front end shows “Be the first
to vote on this question!”
and “Full voting instructions
follow after the next 2
questions”.
“Be the first to vote on this
question!” and “Full voting
instructions follow after the
next 2 questions” text is
hidden, the bar chart is built
to correspond to the new
vote, and “Thanks for
voting!” is shown.
Vote is saved by server
application, but there is no
change on the front end.

1 PASS

As expected

PASS

1 PASS

As expected

PASS

1+4 PASS

As expected

PASS

1+4 PASS

As expected

PASS

1+4 PASS

As expected

PASS

Bar chart rebuilds while
showing a “Thanks for
voting!” message.

1+4 PASS

As expected

PASS

The new question does not
show on the screen until the
front end rechecks the web
service for new data. This
occurs while the detailed
voting information is shown.
Changes take effect while
the detailed voting
information is next shown.

1+4 PASS

As expected

PASS

1+4 PASS

As expected

PASS

The news feed has audio.

1+4 PASS

As expected

PASS

The news feed has no audio.

1+4 PASS

As expected

PASS

The news feed has audio.

1+4 PASS

As expected

PASS

TABLE 6.5. FRONT E ND TEST C ASES

All test cases passed without error, and the front end functioned as expected.
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6.2.4. Web Administration Site
ACTUAL

RESUL
T

None

BEHAVIOUR
As expected

None

As expected

PASS

JavaScript validation fails,
prompted to complete all 3
answer option fields.
JavaScript validation passes,
form submits.

2 PASS

As expected

PASS

2 PASS

As expected

PASS

JavaScript validation passes,
form submits.

2 PASS

As expected

PASS

A “Test” group is shown,
consisting of 2 questions –
one with a start/expiry date,
one without.
JavaScript validation fails,
prompted to complete the
“Name” field, form does not
submit.
JavaScript validation passes,
form submits.

2+4+5 PASS

As expected

PASS

None

As expected

PASS

None

As expected

PASS

A “blackbox” screen
2+4+5+8 PASS As expected
configuration is shown, with
only the “Test” question
group assigned to it.
Delete the “Test”
The “Test” question group is 2 PASS
As expected
question group.
deleted.
View the list of
The 2 questions previously in 2+4+5+10
As expected
questions and groups. the “Test” group, are now at
PASS
the top of the list, under the
heading “Unassigned
Questions”.
TABLE 6.X. WEB ADMINISTRATION SITE TEST C ASES

PASS

#

TEST

EXPECTED BEHAVIOUR

PRECONDITION

1

Add a question group
“Test”, leaving the
“Description” field
blank.
Add a question group
“Test”, completing
both “Name” and
“Description” fields.
Add a question to the
“Test” group, with 2
answer options.
Add a question to the
“Test” group, with all
fields completed, and
the “Timing” field set
to “Start Now”.
Add a question to the
“Test” group, with all
fields completed, and
start/expiry dates
specified.
Check questions and
group have been
saved correctly.

JavaScript validation fails,
prompted to complete the
“Description” field, form
does not submit.
JavaScript validation passes,
form submits.

2

3

4

5

6

7

8

9

10
11

Add a new screen
configuration, with all
fields completed
except “Name”.
Add a new screen
configuration
“blackbox”,
completing all fields
and setting the screen
to show the “Test”
question group only.
Check screen
configuration has
been saved correctly.

PASS

PASS
PASS

All test cases for the web administration site passed without error, although two usability
problems were discovered while carrying out the testing, which were not identified while
developing the original requirements.
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The ability to specify a start/expiry date for a whole question group would be useful. In
the case, for example, of university elections, each question would have to be manually
assigned a start/expiry date. If this needed to be changed, each question would have to
be amended manually, which would be time consuming. The presence of a question
group start/expiry date would be of higher priority than a specific question start/expiry
date, and therefore once a question was assigned to such a question group, any
start/expiry date is has itself would be ignored. Once the question is removed from the
question group, its own individual start/expiry date would come back into effect.
While the web administration site is effective at clearly marking to the system
administrator which questions are currently not assigned to any group (and therefore will
not appear on any screen configuration), it is not possible to assign a batch of questions
to a new group. Each question must be assigned to a new group individually, which
would also be time consuming.

6.3. Front End User Interface Evaluation
To evaluate the front end of the UniVote system I will perform a heuristic evaluation as
discussed by Mankoff and Dey (2003) in section 2.4, and listed in Appendix B.

6.3.1. Sufficient information design
The front end conveys just enough information to meet the aims of the voting and news
components. A development in the future may be to implement a simpler theme for
smaller display hardware, to avoid the front end looking too cramped.

6.3.2. Consistent and intuitive mapping
As discussed in section 6.4.2, the UniVote system is designed not to be overly obvious.
The front end it intuitive and its purpose is clear.

6.3.3. Match between system and real world
The language used to express the questions shown on the UniVote front end is entirely
up to the system administrator using the web administration site. As the typical users of
the system will be students, it is important that the system administrator bears this in
mind and picks appropriate languages and concepts.

6.3.4. Visibility of state
The front end consists of three states, the initialisation state (while the system
administrator is entering the screen configuration to use), the voting state (the primary
point of interaction by users) and the voting information state (where detailed voting
information is shown). The initialisation state is negligible, as it is only visible for a few
seconds the first time the display is deployed. The transition from the voting state to the
voting information state (and vice-versa) is easily noticeable through a sliding animated
effect. While the voting information state is active, the voting state is hidden to prevent
confusion.
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6.3.5. Aesthetic and pleasing design
Real-world testing has shown that user reaction to the design of the front end was
positive. Users found the front end clear, easy to use and user friendly.

6.3.6. Useful and relevant information
The questions shown on the front end of the UniVote system can be customised by
system administrators to suit the setting of the display – for example, displays in the
graduate accommodation area of campus might contain questions suited for a more
mature audience. The news video feed and headlines are considered useful and relevant
information to satisfy the systems aim of “increasing students’ interest in events
happening around them”.

6.3.7. Visibility of system status
The front end notifies users (within seconds) when a new vote is cast, and if a question
contains no votes users are informed as such, and told how long they have to wait before
detailed voting information is shown. When the front end is in an idle state, users are
reminded how to interact with the system via the “How do I vote?” instructions at the
bottom of the screen. A possible improvement for the future might be, once detailed
voting information is showing, users can see how long they have to wait before the front
end returns back to its normal voting state.

6.3.8. Easy transition to more in-depth information
The front end offers multi-levelled instructions on how to cast a vote. The more indepth information is shown (through a quick transition) at a period defined by a system
administrator. The users themselves don’t have the option of viewing the detailed voting
information when they want to. A possible improvement may be to add a small push
button located next to the display, which shows the detailed voting information on the
screen when pressed.

6.3.9. “Peripherality” of display
As discussed in section 6.4.2, the front end is designed to be unobtrusive. It doesn’t
require constant attention and will change and evolve itself when left idle. Users can
easily monitor the display and see voting outcomes and news at a glance.

6.3.10. Error prevention and user control
The front end does not handle errors gracefully, with the exception of the news headlines
feed (outputs “Cannot read RSS data file” to the scrolling news area), and the news
video feed, which simply does not load if an error occurs. Director & Lingo do not
provide comprehensive error checking facilities, and as such, if a major error occurs –
such as a screen configuration being deleted while the screen is running, or the
univote.co.uk web server becoming unavailable – a Shockwave Player error will be
shown to the user. The front end cannot continue until a system administrator manually
restarts it, which requires physical access to the screen. Error prevention and control give
the most scope for improvement in future versions of the UniVote system.
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6.4. Human Connectedness Evaluation
To evaluate the UniVote system further, I will compare it to the nine principals
suggested by Agamanolis (2002) to aid designing effective public displays for human
connectedness, which “enhance a sense of community and togetherness”.

6.4.1. Think Beyond The Screen
The front end has been designed to a standard screen resolution of 800x600, which will
display without any problems on most 4:3 ratio displays, from small wall mounted
screens, to large wall-projected screens in locations such as the university underpass.
Each of the three projectors in the university underpass can run at a 4:3 ratio16, allowing
the UniVote system to be run on either one projector, or mirrored across all three. The
most effective locations to situate a UniVote screen would be where people are idle,
waiting for something to happen. For example, on the projector(s) in the underpass for
use while waiting for a bus; or on small screens in Alexandra Square on pillars near cash
machine queues, in college reception areas and outside large lecture theatres. As
discussed in section 2.5, mobile phones are the most appropriate input device for this
type of system used in a university environment.

6.4.2. Engage the Periphery
The UniVote system avoids perceptual overload by not being overly obvious. There are
no fast transitions or particularly sudden movements – the display is designed to be as
smooth as possible. The audio of the news feed is most likely to engage the attention of
nearby users who are only peripherally aware of the display.

6.4.3. Instill a Sense of Reciprocity
All UniVote screens are driven from the same front end application, and are therefore
aesthetically (except for the choice of a colour scheme) and functionally identical.

6.4.4. Transcend Time
The UniVote front end shows no passage of time through votes cast, although for users
of the system this isn’t really necessary. If a question is shown which contains no votes,
users of the system are more likely to want to be able to cast a vote. In this situation,
they are informed after how many further questions the detailed voting information will
be shown. The front end features a time and date display, which help to put timesensitive questions such as student elections into context. System administrators,
however, can view hourly and daily voting timelines on the web administration site to see
how voting is spread throughout a day and week respectively. The server application
logs all activity with a date and time stamp.

6.4.5. Motivate Interaction
Users are constantly encouraged to interact with the system. The design of the front end
makes the question the largest and clearest element, grabbing the users attention. The
bar chart animates as it is drawn on the screen, giving users the sense that the data is
always evolving, and the possibility that there is some way they can affect evolvement of
16

http://ecampus.lancs.ac.uk/ecampus_underpass.htm
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this data themselves. If the current question has no votes, users are encouraged to
interact with “Be the first to vote on this question!” shown prominently on the screen.
Details of how to vote are always visible at the bottom of the screen, with more detailed
voting information shown at an interval set by a system administrator.

6.4.6. Design for Investment and Growth
Given the fact that the UniVote system is primarily about voting over a set time period,
it will be obvious to users that they will get something in return for continued
interaction – their vote will count towards the final voting outcome of a question. The
“novelty factor” of interaction with the UniVote system wearing off isn’t really a concern,
as long as the question topics posted by system administrators are of real interest and
importance to users, and the university makes it apparent to users that they are taking
into account the opinions expressed on the UniVote system.

6.4.7. Balance Togetherness and Uniqueness
Users can express their own identity and individuality simply by casting a vote. Although
once saved into the system, a vote doesn’t preserve any sense of ownership of the casting
voter, the vote does, however, count towards the final voting outcome expressed by the
entire community.

6.4.8. Embrace the Creativity of Your Users
Users of the UniVote system express their own creativity simply through their voting
interaction with the system. They are confined to the constraints of amending the voting
outcome, and cannot alter any other aspect of the display. System administrators can
express their creativity by setting a colour scheme, the question change interval and the
detailed voting information interval of a screen, using the web administration site.
System administrators also add questions themselves to the system, but there are
constraints in place to ensure the length of the question and answer options are not too
long to “break” the layout of the front end.

6.4.9. Be Patient
Apart from the two-hour real-world test, the UniVote system hasn’t been studied over a
long period of time, so this principal cannot be fully evaluated.

6.5. System Evaluation
This section evaluates the entire system according to the aims and requirements declared
in the introduction and design chapters respectively.
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6.5.1. System Aims Evaluation
AIM
To create an attractive and eye-catching front-end to
the system, which rotates randomly through a set of
questions, showing:
! The question that users can vote on,
! The current voting outcome of that question,
! Information on how to cast a vote.

To create an easy-to-use application to run on
modern mobile phones, to allow users to cast their
vote.

To create an application to retrieve votes and update
the front-end with a chart visualising the vote scores.

To provide a facility to manage a display remotely, to
allow system administrators to amend the questions
shown on a display, including applying a start and
expiry date for time-sensitive questions, and view
voting statistics.
To provide a central database of questions, of which
subsets of questions can be assigned to show only on
certain displays.

To show the latest news headlines on the front end,
which are updated at regular intervals.

To show a video feed of the latest headlines on the
front end.

EVIDENCE
A front end has been developed, and was found to be
well designed, attractive and user friendly in a realworld test. The front end communicates with the
web service to rotate randomly through questions
assigned to a specific screen, showing clearly the
question content, answer options and voting
outcome as percentages and a bar chart. Brief
information is shown on how to cast a vote, with
more detailed information shown at an interval
defined by a system administrator.
A client application has been developed, and was
found to be easy to use and user friendly in a realworld test. The client application allows users to cast
a vote, although there were some problems running it
on certain mobile phones.
A server application has been developed which
receives votes from the client application via
Bluetooth and updates the central database (through
means of the web service). The changes are then
reflected in the front end.
A password-protected web administration site has
been developed which allows system administrators
to amend questions, configure screens, simulate a
screen and view voting statistics and timelines.
A remotely hosted central database is the data store
for the UniVote system, and stores all questions
available to the system. The web administration site
is used to configure subsets of questions to show only
on certain displays.
The front end features a scrolling news area, which
displays news headlines from a parsed BBC News
RSS feed. This is updated while the detailed voting
information is shown, which is at an interval defined
by a system administrator in the web administration
site.
The front end features a streaming Real Video feed
from BBC News, which is updated often by the
BBC.

6.5.2. System Requirements Evaluation
6.5.2.1. Overall System Requirements
ID
R1.1

DESCRIPTION
The system should prevent each user from casting
multiple votes on a question.

R1.2

The system should be able to run continuously for

EVIDENCE
Each vote cast records the unique Bluetooth
address of the device casting that vote in the
central database. The web service only
returns questions which have not been
previously voted on by the Bluetooth
address requesting the questions.
During development and real-world testing,
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long periods without any user intervention.
R1.3

The system should be easy to configure to allow for
fast deployment of new displays.

R1.4

The system should carry out communication
between
the
database
and
the
server
application/front end using a standard port (e.g. 80)
to allow for the system to run in a firewalled
environment such as a university network.

the system has proven to be stable over long
periods of time.
All configuration is carried out using the web
administration site, making the deployment
of displays quick and easy.
The web service runs on port 80, to allow
communication between the database and
the server application/front end in a
firewalled environment. The parsing of the
RSS news feed uses standard HTTP
requests on port 80. However, the Real
Video news feed runs over a range of
typically firewall-blocked ports, and would
require certain ports to be opened.

6.5.2.2. Front End Requirements
ID
R2.1

R2.2

R2.3

R2.4

DESCRIPTION
The display should cycle through the questions
assigned to that display, clearly showing the question
for users to cast their vote on.
The display should show the current voting
outcome of a question, and provide immediate
feedback of new incoming votes.

The display should periodically check for changes in
its configuration – such as the questions assigned to
it, and its colour scheme – and update itself
accordingly.
The display should show a news feed (as both text
and video) which should be updated regularly.

R2.5

The display should show clear details on how users
can cast a vote using their mobile phone.

R2.6

The display should show the current date and time.

R2.7

The display should deal with any errors as they
occur, and should attempt to overcome the errors to
continue working as normal. The display should
not crash on an error message leaving it unavailable
for users to interact with.
The display should be portable – the software
should be easily transferable across machines, and
should run as a stand-alone executable application.

R2.8

R2.9

R2.10

The display should run at a relatively low resolution
to ensure it runs on a wide variety of screen
hardware.
The display should mute the audio of the news
video feed between the hours of 11pm and 8am to
prevent disturbing students living nearby.

EVIDENCE
The front end cycles through questions
randomly, and the current question is the
most prominent element on the display.
The front end continually checks for new
votes on the current question, and gives the
user feedback when a vote is received. If a
vote is received on a question which isn’t
currently showing, no feedback is given on
the front end, but the client application
informs the user that the vote was received.
The front end checks for changes every time
the detailed voting information is shown,
and applies the question and colour scheme
changes before the voting information closes.
News headlines (as text and video) are
shown from BBC News, and are updated
regularly.
There is always voting information visible at
the bottom of the front end, which expands
to show more detailed information at an
interval set by a system administrator.
The date and time are always visible at the
top of the front end.
Discussed in section 6.3.10.

The front end can be distributed as a standalone executable application for both
Windows and Mac OS X. The font has
been embedded to ensure optimal
appearance without font pre-installation.
Discussed in section 6.4.1.

The front end checks the current time at the
beginning of every question change, and
controls the audio accordingly.
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6.5.2.3. Client Application Requirements
ID
R3.1

R3.2

R3.3

R3.4

R3.5

R3.6

R3.7

DESCRIPTION
The client application should be very easy to use,
walking the user through each step of the voting
process.
The client application should use standard J2ME
APIs to ensure it inherits the look-and-feel of the
mobile phone operating system it is running on.
Users should be able to use the standard keys on their
phone in the same way they would interact with any
other application running on their phone.
The client application should keep the user informed
of what it is doing, and inform the user if they are
waiting for data communication to take place.
The client application should offer users the option
of voting again after they have cast a vote, until they
have voted for all questions available on the display.
The client application should catch all errors and
output a friendly error message to the user. This is
especially
important
when
client/server
communication is taking place due to the instability
of wireless connections.
The client application should run on as wide a range
of J2ME and Bluetooth enabled phones as possible.

The client application should be distributable OTA
(over the air) using a WAP connection, and should
download quickly to minimize the cost involved with
the one-off downloading of the software for each
user.

EVIDENCE
Real-world testing has proven the client
application to be easy to use and user
friendly.
The client application uses standard J2ME
APIs, and uses standard softkey mappings as
discussed in section 3.6.2.

When communication is taking place, users
are told exactly what is happening and a
progress gauge symbolises the transfer of
data.
This feature has been implemented as
described.
This feature has been implemented as
described, with the client application
catching all errors that occur, especially when
communication is taking place.
The client application has been designed
using standard APIs to ensure maximum
compatibility, however results of the realworld testing show that further testing is
necessary.
The client application is available for
download via a simple WAP page, and is
only 32kb in size. However, real-world
testing has shown that alternative
distribution methods would be more user
friendly.

6.5.2.4. Server Application Requirements
ID
R4.1

DESCRIPTION
The server application should be error free, and
reliably coordinate communication between client
devices and the central database.

R4.2

The server application should output a log of its
activities to the user.
The server application should continue running and
keep accepting client connections if an error occurs,
e.g. a client is in the middle of voting and disconnects.

R4.3

EVIDENCE
Through
development,
the
server
application has been robust and has reliably
coordinated communication between client
devices and the central data (by means of the
web service).
All actions are logged with a date and time
stamp.
The server application continues running
and accepting incoming client connections
once a client device-initiated error occurs –
such as mid-vote disconnection.
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R4.4

The server application should be able to accept
multiple simultaneous connections from client
devices.

This requirement has not been met, due to
limitations in the avetatnaBluetooth
Bluetooth stack used. The stack cannot
handle multiple simultaneous connections
on the same RFCOMM channel. This
requirement would obviously have to be met
if the UniVote system was deployed for
constant real-world usage, but for the
purposes of this project the functionality of
the avetanaBluetooth stack was sufficient.

6.5.2.5. Web Administration Site Requirements
ID
R5.1

DESCRIPTION
The web administration site should be secure, and
only allow university staff to login with a
username/password.

R5.2

The web administration site should allow the user to:
- add/edit/delete/disable/enable questions
- assign questions to a question group
- specify a start and expiry date for a question if
required
- add/edit/delete question groups
- add/edit/delete screen configurations to control
which question groups appear on which screens
- set screen options including a colour scheme, how
often the questions are cycled and how often full
voting information is displayed
- view a list of questions, groups and screens
- view statistics on the voting outcome of questions,
and see what times of day the system is most
popular
- simulate a screen configuration to check its
operation before physically deploying a display
The web administration site should inform the user of
any database changes made and any errors that
occurred during a database operation.
The web administration site should be attractive, easy
to use, and work on as wide a range of modern web
browsers and screen resolutions as possible.

R5.3

R5.4

EVIDENCE
All pages of the web administration site are
protected by a PHP-based authentication
system, and only allow access by a defined
username/password.
The web administration site satisfies all
criteria in this requirement. In addition, it
uses JavaScript to ensure fields are correctly
completed before making changes to the
database. A virtual phone is also provided
to allow system administrators to emulate a
client device voting, to ensure a screen is
operating as intended before physical
deployment.

All database changes are checked, and the
system administrator is notified if there was
an error updating the database.
Real-world testing has shown that users
found the web administration site easy to
use and attractive, and had no problems
carrying out the various tasks assigned to
them. The site is written using web
standards (XHTML and CSS) to ensure
maximum compatibility with modern
browsers, and has a fixed width of 760
pixels to ensure operation on screen
resolutions of 800x600 and above,

6.5.2.6. Central Database & Web Service Requirements
ID
R6.1

R6.2

DESCRIPTION
The central database should be remotely hosted to
allow UniVote displays to be used anywhere with an
Internet connection.
The central database should be normalized to avoid
update/deletion dependencies and allow for efficient
operation of the system.

EVIDENCE
The central database is remotely hosted on
univote.co.uk.
The design of the central database insures
normalization,
and
avoids
any
update/deletion dependencies.
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6.6. System Performance
While developing the front end of the UniVote system, it has been noted by myself and
real-world testing participants, that the performance of the front end is less than ideal.
The CPU utilisation graphs below show the load on a Mac OS X based system17 (Figure
6.4) and a Windows XP based system18 (Figure 6.5).

FIGURE 6.4. MAC OS X PERFORMANCE

FIGURE 6.5. WINDOWS XP PERFORMANCE

Figure 6.4 shows that on the development system, the system utilises 100% of the CPU.
However on the Windows XP based system, only around 40% of the CPU is used. This
is likely to be because of the higher specification18 system, or the Windows version of
Director is more efficient than the Mac OS X version. Since this system has not been
tested sufficiently on the Windows platform, I will focus attention on the result shown
from the Mac OS X platform.
The reason for bad performance is due to several elements of the front end “competing”
for rendering time. The scrolling news headlines and bar chart run at the same frame
rate, and are therefore in sync with each other. The news video, however, must run at a
higher frame rate to ensure the audio and video channels of the video stay in sync. This
causes the video to be constantly “competing” for rendering time with the other elements
on the front end, which produces poor performance and 100% CPU utilisation.

6.7. Summary
This chapter has described the real-world testing and black box testing carried out on
the UniVote system, evaluated the system against heuristics and design principals as
discussed in sections 2.3 and 2.4, and recommended areas for improvement.

17
18

Apple 15” PowerBook G4, 1.67 GHz, 1.5 GB DDR2 RAM, ATI Mobility 9700 with 128 MB DDR2 RAM, Mac OS X 10.4.5
Unbranded, Intel Pentium D 820, 3GB DDR2 RAM, GeForce 6600 with 256 MB DDR RAM, Windows XP (64-bit Edition)
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7. C ONCLUSION

This chapter discusses whether this project has met its objectives and aims, and suggests
how it could be improved in future versions.

7.1. Review of Aims
As previously discussed in section 6.5, the UniVote system meets all of the aims
originally specified for this project, and the two components of the system – voting and
news – have been implemented. The majority of requirements have also been met.
The project has researched the field of public displays in depth, and has utilised the
findings from this research to ensure the system is successful. Other public display
systems have been investigated to ensure the UniVote system avoids any problems
previously encountered in these systems, yet also learns from their successes. One
particular strength of the UniVote system is that, because of the level of abstraction
between the local and web-based components, screens can be deployed at any location
with an Internet connection, yet still be managed centrally using the web administration
site.
The usability and functionality of the system have been proven against human
connectedness principals and through a heuristic evaluation, and real-world testing has
been carried out with twenty seven participants. The worksheets completed during realworld testing show that participants enjoyed their experience with the UniVote system,
and agree that there is a need for this type of system in the university campus
environment.
The completed UniVote system is an effective way of increasing students’ interest in
events happening around them at Lancaster University, and results in increased
awareness of the “outside world”.

7.2. Suggested Revisions to Design & Implementation
Possible areas for functionality and usability improvements have been discussed
throughout the previous chapter. The main areas can be summarised into the following
six points.
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7.2.1. Simultaneous Voting
The server application currently only accepts one incoming connection from a mobile
phone at any time, due to limitations in the avetanaBluetooth Bluetooth stack used.
Other components of the system have been designed for simultaneous usage, so it would
be relatively quick and easy to simply replace the Bluetooth stack with one allowing for
multiple simultaneous connections.

7.2.2. Distribution of Client Application
Real-world testing found that many participants were unfamiliar and inexperienced with
using their mobile phone’s WAP browser, leading to problems in downloading the client
application. Other methods of distribution are discussed in section 6.1.5, and include an
SMS gateway or via Bluetooth from the display itself.

7.2.3. Compatibility of Client Application
Real-world testing found that some participants had problems running the client
application on their mobile phone, due to inconsistencies in the J2ME API between
manufacturers. Greater testing, on a wide range of mobile phones, is required to
eliminate this problem from future versions of the UniVote system.

7.2.4. Performance of Front End
As discussed in section 6.6, the performance of the front end (at least on the
development system) was less than ideal. If the Mac platform was used for deployment
of the UniVote system, the performance of the front end would have to be greatly
improved. Performance of the front end appears to be better on Windows based
systems, however it (or any other components of the system) haven’t been extensively
tested on this platform. More research would need to be carried out into how to
improve Director performance for future versions of the UniVote system.

7.2.5. Theme of Front End
One real-world testing participant suggested the idea of introducing “themes” into the
front end, to improve visibility on different types of display hardware. For example, a
“large text” theme could exist for smaller displays, which shows larger text and perhaps
no news video. This would require extensive changes to be made to the front end, and
perhaps some way of storing theme settings remotely in the central database.

7.2.6. Error Handling in the Front End
As discussed in section 6.3.10, greatly improved error handling is required in the front
end of the UniVote system.

7.2.7. Handling of more than three answer options
All components of the system would have to be modified to handle questions with more
than three answer options. This could be considered quite an important area for
improvement, especially if the system were to be used for student union elections, where
more than three candidates can run for any one position.
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7.3. Further Work
This section examines some ways in which this system could be extended in the future.

7.3.1. “Points” Scheme
The student union could develop a “points” scheme to reward frequent voters, while also
encouraging students to use the system. Students who want to participate in the scheme
can run a small application on their mobile phone which outputs their unique Bluetooth
address. They then give this to the student union, who store it in the central database
with their library card number (which uniquely identifies the student within the
university). Each vote cast by this student credits one point to their account, and
students can be notified of their points balance on their phone with each vote cast.
Once a specific amount of points have been reached, they are rewarded by the student
union with items such as book vouchers, nightclub vouchers etc.

7.3.2. Touch Screen Facility
Instead of only allowing interaction through mobile phones, the smaller screens deployed
around campus could have a touch screen facility. Users could swipe their library card in
a card reader situated next to the display, which uniquely identifies them to the system.
They can then simply touch the answer option they wish to vote for, or be notified if
they have already voted on the question.

7.3.3. Screen Management
If a screen encounters an error and must be reset, a system administration must go to the
physical location of the screen and reset it manually. Remote administration software
such as Apple Remote Desktop19 could be installed to allow system administrators to
reset a computer remotely, and the UniVote system could be set to start automatically
once the computer has rebooted.

7.4. Summary
Implementing this project has given an insight into managing a complex software project
that spans over many components and different technologies. I gained particular
knowledge in the areas of J2ME, Bluetooth and Director/Lingo while completing this
project.
This chapter has concluded that the original aims of this project have been met, and
future developments and possibilities for further work have been identified. The project
as a whole can be considered a success.

19

http://www.apple.com/uk/remotedesktop
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avetanaBluetooth Bluetooth Stack
The multi-platform avetanaBluetooth Bluetooth stack has been used by the server
application for Bluetooth communication:
http://www.avetana-gmbh.de/avetana-gmbh/produkte/jsr82.eng.xml

RSS Feed Parsing
The code used in the parseRSS.php file in the web service has been adapted from a
PHP RSS parsing tutorial, which can be found at:
http://uk.builder.com/webdevelopment/scripting/0,39026636,39129083,00.htm

Front End Animated Bar Charts
The bar chart functionality used on the front end has been adapted from:
http://director-online.com/buildArticle.php?id=1086

Web Administration Site Statistics Charts
The “PHP/SWF Charts” library has been used on the statistics pages of the web
administration site:
http://www.maani.us/charts

Web Administration Site Calendar
The calendar used to select start/expiry dates on the web administration site has been
taken from:
http://www.dynarch.com/projects/calendar
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A PPE NDIX A
H UMAN C ONNECTEDNE SS P RINCI PALS
(A GAMA NOLIS , 2002)

A.1. Think Beyond the Screen
This involves thinking beyond just the layout of elements on the display, to considering
the best proportion, size and location to position the display. Thought should also be
given to which input devices would best suit the theme and context of the display.

A.2. Engage the Periphery
Our brain selects certain things from the masses of different stimuli around us, which it
brings into our consciousness.
Displays must avoid “perceptual overload” by
appropriately manipulating our attention, so we can shift our attention between them
when necessary.

A.3. Instill a Sense of Reciprocity
For multiple display systems, the design should reflect a sense of equal access –
somebody using one display does not have an advantage (or extra risk of social
embarrassment) over somebody using another display in the same system.

A.4. Transcend Time
Information gathered over a course of time can be shown to the user in a way which
shows the passage of time and the changes that have occurred, which makes the data
more meaningful within its context.

A.5. Motivate Interaction
This involves considering how users can be encouraged to interact with the system, as
discussed in section 2.1.2.
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A.6. Design for Investment and Growth
A display should be designed to encourage follow-up interaction with a display, once the
initial “novelty factor” of using the display has worn off. The user should think that they
will get something in return for continued interaction.

A.7. Balance Togetherness and Uniqueness
While these principals are designed to enhance a sense of community, users should be
able to express their own unique identity and assert their individuality, while the display
should preserve the user’s sense of ownership over their own input.

A.8. Embrace the Creativity of Your Users
Displays should allow for users to express some of their own creativity, but also impose
constraints to ensure that the users creativity doesn’t adversely affect the operation of the
display.

A.9. Be Patient
To learn how a display is interacting with a community, it needs to be studied over
several days or even weeks – including time for the “novelty factor” to wear off, and for
users to become aware and used to its presence.
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A PPE NDIX B
E VA L UATING P UBLIC D ISPLA YS
(M A NKO FF A ND D E Y, 2003)

B.1. Sufficient information design
The display should be designed to convey “just enough” information.
information cramps the display, and too little makes the display less useful.

Too much

B.2. Consistent and intuitive mapping
Ambient displays should add minimal cognitive load. Cognitive load may be higher
when users must remember what states or changes in the display mean. The display
should be intuitive.

B.3. Match between system and real world
The system should speak the user’s language, with words, phrases and concepts familiar
to the user. Follow real-world conventions, making information appear in a natural and
logical order.

B.4. Visibility of state
An ambient display should make the states of the system noticeable. The transition from
one state to another should be easily perceptible.

B.5. Aesthetic and pleasing design
The display should be pleasing when it is placed in the intended setting.

B.6. Useful and relevant information
The information should be useful and relevant to the users in the intended setting.
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B.7. Visibility of system status
The system should always keep users informed about what is going on, through
appropriate feedback, within reasonable time.

B.8. Easy transition to more in-depth information
If the display offers multi-levelled information, the display should make it easy and quick
for users to find out more detailed information.

B.9. “Peripherality” of display
The display should be unobtrusive and remain so unless it requires the user’s attention.
Users should be able to easily monitor the display.

B.10. Error prevention and user control
Users should be able to distinguish between an inactive display and a broken display.
When a display enters an error state, or a state that a user does not want, users must
have a way to reset it.
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A PPE NDIX C
C E NTRAL D A TA BA SE S CHE MA

The central database schema is shown below. Primary keys are marked with a *, foreign
keys are marked with an ^.

C.1. questions Table
FIELD
q_id *

TYPE
int

DESCRIPTION
Auto incrementing field, the unique ID of the question.

q_content

varchar(70)

The question itself.

q_status

int

a_1

varchar(15)

The status of this question.
1 = enabled, 0 = disabled.
The first answer option.

a_2

varchar(15)

The second answer option.

a_3

varchar(15)

The third answer option.

q_group ^

int

The ID of the group this question is assigned to.

q_start

varchar(14)

The start date of the question, in UNIX timestamp format.

q_expiry

varchar(14)

The expiry date of the question, in UNIX timestamp format.

C.2. groups Table
FIELD
g_id *

TYPE
int

DESCRIPTION
Auto incrementing field, the unique ID of the group.

g_name

varchar(25)

The name of the group.

g_desc

varchar(100)

The description of the group.

C.3. screens Table
FIELD
s_id *

TYPE
int

DESCRIPTION
Auto incrementing field, the unique ID of the screen.

s_name

varchar(25)

The name of the screen.

s_desc

varchar(100)

The description of the screen.

s_colour

int

The colour scheme of the screen.
1 = red, 2 = blue, 3 = green, 4 = black.
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s_specify_groups

int

s_question_interval

int

The groups this screen shows.
0 = show all groups, 1 = specify groups (in the screens_groups
table).
How often the screen changes the current question, in seconds.

s_vote_interval

int

How often the detailed voting information is shown, in seconds.

C.4. screens_groups Table
FIELD
s_id ^

TYPE
int

DESCRIPTION
A unique screen ID.

g_id ^

int

A unique group ID.

FIELD
v_date

TYPE
varchar(14)

DESCRIPTION
The date the vote was cast, in UNIX timestamp format.

q_id

int

The question ID.

a_id

int

The answer ID (1, 2 or 3).

c_id

varchar(12)

The Bluetooth address of the phone that cast the vote.

C.5. votes Table
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A PPE NDIX D
F RONT E ND S CORE

Lingo defines a range of handlers which can be used in a script to define when in that
frame a particular action is carried out. The enterFrame and exitFrame handlers are
executed when the playhead enters and exits a frame respectively. The prepareFrame
handler is executed once the playhead enters the frame, but before the frame is actually
drawn on the screen, which allows you to change the appearance of sprites before they are
shown to the user. The beginSprite handler is executed when the playhead enters a
frame which contains a sprite which wasn’t present on the frame the playhead was
previously in. This is useful to ensure an action is only run once in the lifetime of a
sprite.
The following table describes the functions carried out in each script, in the order they
are typically executed.
MARKER
screen

SCRIPT
init

HANDLER
startMovie
enterFrame
exitFrame

init

initScreenCheck

exitFrame

checkScreenCheck

exitFrame

initGetData

prepareFrame

exitFrame

checkGetData

exitFrame

FUNCTION
Clears all global variables to ensure the front end is clear
of all previous data.
If screenCheckFailed is true then clear the contents
of the text field to allow the user to enter another name.
go to the frame

Loops on this frame until the “Start” button is pressed.
Initialise a getNetText operation on the
screenCheck.php file to check whether the screen the
user entered is defined in the system.
If the initScreenCheck getNetText operation is
complete, check the netTextResult value to see if the
screen is defined in the system. If it is, go to the next
frame. Otherwise, set screenCheckFailed to true
and go to the screen marker.
Set the value of the loading sprite to “Please Wait…”
to inform the user that the front end is communicating
with the web service.
Initialise 8 getNetText operations on the
questionChangeInterval.php,
voteInfoInterval.php, numberQuestions.php,
questionsData.php, answersData.php,
votesData.php, screenColour.php and
parseRSS.php files.
If the initGetData getNetText operations are complete,
store the netTextResult values in global variables for
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nextQuestion

randomQuestion
exitFrame

main

setQuestion

prepareFrame
enterFrame

voteCheck

beginSprite

enterFrame

exitFrame

next

nextQuestion

As above.

infoup

voteInfoUp

enterFrame

Loop for X seconds

infodown

voteInfoHold

access throughout the score, and set the value of the
scrolling news field to the contents of the RSS feed.
Otherwise, loop on this frame until this data has been
retrieved.
Returns a random question ID, which isn’t the value of
questionViewedLast.
Splits the questions, answers and votes data files into
arrays for processing, and picks the same array element
from each using the randomQuestion function. Sets
the value of the questionViewedLast global variable to
ensure that a user doesn’t see the same question twice in
a row.
If questionTicker is equal to voteInfoInterval
then go the infoup marker to show detailed voting
information. Otherwise, go to the main marker.
Calls the theme() function to retheme the display if
necessary.
Updates the display with the current question and
answer global variables, and the current date and time.
If this question has no votes, show a message
encouraging the user to vote on this question, and tell
them in how many questions are remaining until the
detailed voting information is shown (i.e. when the
infoup marker is called).
If this question has votes cast on it, calculate the
percentages of each answer option and call the
buildBarChart function to render a bar chart on the
display.
If checkVoteUpdate equals true then initialise a
getNetText operation on the newVotesData.php file,
and set checkVoteUpdate to false. This ensures that
only one getNetText operation is executing at any one
time.
If the getNetText operation is complete then check if
there are new votes from the previous getNetText
operation. If there are new votes, recalculate the
percentages of each answer option and call the
buildBarChart function to re-render the bar chart.
If the questionChangeInterval value is equal to the
time the user has seen this question, go to the next
marker to show the next question. If a bar chart is still in
the process of being rendered, the script will loop on this
frame until it is complete before going to the next
marker.

Initialise the same 8 getNetText operations as the
exitFrame action of the initGetData script.
Continue playing through the next twenty frames to
show the voting information panel sliding upwards.
A built-in Lingo script set to stay on the current frame for twenty seconds.
The voting information panel is fully expanded at this stage, allowing the user
to read the full set of voting instructions. During this time, while the user can’t
fully interact with the display, the front end updates its global variables of
screen configuration and questions/answers/votes data. This ensures that any
changes to the display made on the web administration site will be applied.
exitFrame
If the getNetText operations initialised in the
enterFrame action of the voteInfoUp script are
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voteInfoDown

exitFrame

complete, update the scrolling news field with the latest
RSS data, update the global variables containing the
questions/answers/votes data, then call the theme()
function to retheme the display to ensure it is consistent
with the screen configuration settings in the web service.
Otherwise, loop on this frame until this data has been
retrieved.
Continue playing through the next twenty frames to
show the voting information panel sliding downwards
back to its original position.
Reset the questionTicker global variable to 0 and go
to the main marker.
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A PPE NDIX E
C LIE NT A PPLICATION M ETHODS

The following table describes the methods that make up the client application, in the
order they are carried out in a typical session.
METHOD

USER VIEW

PARAMETERS

FUNCTION

SplashScreen

None

Constructor method in a SpashScreen inner
class. Extends the
javax.microedition.lcdui.Canvas class,
and overrides its paint method to draw a full
screen splash image.

connectServer

UUID uuid:
The unique
identifier that
distinguishes the
UniVote server
application from
other Bluetooth
services which may
be in range of the
client device.
boolean firstRun:
true if this is the
first time the user
has seen the list of
questions - gets the
questions data
from the server
application.
false if the user is
coming from the

Attempts to connect to the nearest available
UniVote server application (specified by the
uuid parameter), then opens input and
output data streams. Calls the
showQuestions method with the firstRun
parameter as true.

MAIN METHODS

showQuestions

voteAgain

method – uses the
locally cached
questions data
(without the
question just voted
for)

Retrieves a list of questions that this client
device hasn’t voted on from the server
application.
Decodes the questions data using the split
method, and builds a form allowing the user
to select the question they wish to cast a vote
on.
If the user has voted for all questions on this
screen, the traceGoodbye method is called
with the message parameter as "You have
already voted on every question available on
this screen. Thanks for using UniVote!"
Calls the showAnswers method when the
user selects a question.
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showAnswers

int question:
The unique
identifier of the
question selected
using the
showQuestions

sendVote

None

voteAgain

method.
String q_id:
A string value
representing the
question the user is
voting on.
int a_id:
The answer option
the user selected (1,
2 or 3).
String c_id:
The Bluetooth
address of the client
device casting the
vote.
None

deleteQuestionLastVoted

None

None

votingDone

None

None

Decodes the answers data for the specified
question, using the split method, and
builds a form allowing the user to select their
answer option.
Calls the sendVote method when the user
selects an answer option.
Encodes a vote response in the form
q_id:a_id:c_id; and sends it to the server
application.
Records the q_id value in the
questionLastVoted variable.
Calls the voteAgain method.

Asks the user if they wish to vote again.
If they select “Yes”, the
deleteQuestionLastVoted method is
called.
If they select “No”, the votingDone method
is called.
Rebuilds the local cache of questions/answers
data, removing the question which was last
voted for. This allows the client application
to prevent multiple voting, without having to
refresh the complete questions data from the
server application.
Instructs the server application that this client
connection is complete, closes the
connections, and calls the inherited
notifyDestroyed method to close the
application and free up any resources used.

OTHER METHODS
startApp

pauseApp

destroyApp

None

None

Overrides the startApp method in the

None

class. Called when the user starts the
application. Instantiates the SplashScreen
class, and calls the connectServer method
once the splash screen closes after two
seconds.
Overrides the pauseApp method in the

None

class. No function, the user has no need to
pause this application.
Overrides the destroyApp method in the

javax.microedition.midlet.MIDlet

javax.microedition.midlet.MIDlet

javax.microedition.midlet.MIDlet
class. Calls the inherited notifyDestroyed

method to close the application and free up
any resources used.
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traceWait

String message:
The message to
output.

Outputs the specified message to the phone
with a “Please Wait” heading and a
continuously running progress gauge. There is
no command available to exit the application
at this stage.

traceError

String message:
The message to
output.

Outputs the specified message to the phone
with an “Error” heading. The user must exit
the application at this stage using the provided
command.

traceGoodbye

String message:
The message to
output.

Outputs the specified message to the phone
with a “Goodbye!” heading. The user must
exit the application at this stage using the
provided command.

String original:
The string to
decode.
String separator:
The string by
which to split the
original string
into an array.

Decodes a string received from the server
application into an array of fields. See section
3.10 for details of the encoding scheme.

split

None
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A PPE NDIX F
S E RVER A PPLICATION M ETHODS

This appendix is split into six sections, which describe the functionality of the classes and
methods that make up the server application.

F.1. Server
The Server class is a simple driver program to instantiate the GUI class and output a
welcome message to the user.

F.2. GUI
The GUI class constructs the user interface which allows the user to input the screen
configuration to use, and view an activity log.
METHOD
getInstance

PARAMETERS
None

getInsets

None

scrollToBottom

None

traceMessage

String message:
The message to output.
Boolean error:
true if the message is
erroneous, false
otherwise.
String message:
The message to output.
Boolean result:
Specifies if this message is
the description or the
result of a progress
operation.

traceProgressMessage

FUNCTION
If this class has already been instantiated, return the
current instance of this class. Otherwise, return a new
instance of this class. This enforces the Singleton design
pattern to ensure that only one instance of this class ever
exists.
Overrides the getInsets method of this JFrame to add
padding around the inner edge of the window. Just for
aesthetics, no real function.
Scrolls to the bottom of the status log JTextArea. This
ensures that once the status log becomes longer than the
height of the text area, any further activities are still visible
by automatically scrolling to the bottom.
Outputs the message parameter to the status log, with
the current date and time, and with the prefix
“ERROR:“ if the error parameter is true. Calls the
scrollToBottom method to ensure that this message is
visible.
Outputs the message parameter to the status log, with
the current date and time. If the result parameter is
false, the message is the description of an operation
that takes an infinite amount of time to complete. If the
result parameter is true, the message is the result of
that operation.
For example, for the operation of initialising the
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getScreenName

None

checkScreen

String screenname:
The screen configuration
name as entered by the
user.
None

GUI

Bluetooth stack, the server will output “Starting
Bluetooth… done”. “Starting Bluetooth…” is marked
with the result parameter as false, “done” is marked
with the result parameter as true.
Returns the screen configuration name value as entered
by the user.
Reads data from the screenCheck.php file on the web
service to check if the specified screen exists. If it doesn’t
exist, the user is prompted to enter another name. If it
does exist, the Bluetooth class is instantiated.
Constructor method. Builds the server application GUI
and centres it on the screen.

F.3. Database
The Database class provides methods to get questions from, and save votes to, the
remotely hosted database. This is done through the use of PHP files on the web service.
METHOD
getInstance

PARAMETERS
None

getQuestions

String
bluetoothAddress:

saveVote

Database

The Bluetooth address of
the phone requesting the
list of questions.
String friendlyName:
The friendly name of the
phone requesting the list
of questions.
String vote:
A string representing a
vote (see 4.5.X).
String
bluetoothAddress:
The Bluetooth address of
the phone which has sent
the vote.
None

FUNCTION
If this class has already been instantiated, return the
current instance of this class. Otherwise, return a new
instance of this class. This enforces the Singleton design
pattern to ensure that only one instance of this class ever
exists.
Returns the list of questions for the specified
bluetoothAddress from the questionsData.php file
on the web service.
The traceProgressMessage method of the GUI class
outputs “Getting Client Questions: bluetoothAddress
(friendlyName)…” and “done” if the data retrieval is
successful, “failed” otherwise.

Saves the vote parameter to the database using the
saveVote.php file on the web service.
The traceProgressMessage method of the GUI class
outputs “Saving vote from bluetoothAddress…” and
“done” if the vote is successfully saved, “failed” otherwise.

Constructor method. Gets an instance of the GUI class
to allow this class to output messages as needed to the
user interface.

F.4. Bluetooth
The Bluetooth class is responsible for instantiating the avetanaBluetooth Bluetooth
stack, and making the UniVote service discoverable by client devices.
METHOD
getInstance

PARAMETERS
None

FUNCTION
If this class has already been instantiated, return the
current instance of this class. Otherwise, return a new
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initialiseStack

None

Bluetooth

None

instance of this class. This enforces the Singleton design
pattern to ensure that only one instance of this class ever
exists.
Initialises the avetanaBluetooth Bluetooth stack and
makes the UniVote service discoverable by client devices.
If the stack initialises without error, the
BluetoothConnectionListener class is instantiated.
The traceProgressMessage method of the GUI class
outputs “Starting Bluetooth…” and “done” if the stack is
initialised without error, “failed” otherwise.
The traceMessage method of the GUI class outputs the
Bluetooth address of the server for reference.
Constructor method. Gets an instance of the GUI class
to allow this class to output messages as needed to the
user interface. Calls the initialiseStack method.

F.5. BluetoothConnectionListener
The BluetoothConnectionListener class continually listens for incoming client
connections, and spawns a new instance of the BluetoothClient class for each new
connection. This class implements the Java Runnable interface to allow threading.
METHOD

PARAMETER
S

getInstance

None

run

None

BluetoothConnectionListener

None

FUNCTION
If this class has already been instantiated, return the current
instance of this class. Otherwise, return a new instance of
this class. This enforces the Singleton design pattern to
ensure that only one instance of this class ever exists.
Separate thread which blocks on the acceptAndOpen
method of the avetanaBluetooth Bluetooth stack until a
client device connects. Once a new connection is received,
questions for that client device are retrieved using the
getQuestions method in the Database class, and passed as
a parameter to a new instance of the BluetoothClient
class.
This method checks that the questions for the client have
been retrieved successfully before spawning a new
BluetoothClient instance.
Constructor method. Gets an instance of the GUI and the
Database classes to allow this class to output messages as
needed to the user interface, and communicate with the web
service. Spawns a new thread to execute the run method.

F.6. BluetoothClient
The BluetoothClient class represents the actions carried out by a single client device
once it is connected to the server, and involves the sending and receiving of data streams
between the phone and the server application. This class implements the Java Runnable
interface to allow threading.
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METHOD
run

PARAMETERS
None

BluetoothClient

StreamConnection conn:
The connection to the client
device.
String clientQuestions:
The list of questions available to
the phone handled in this
instance of this class.
String bluetoothAddress:
The Bluetooth address of the
phone handled in this instance of
this class.
String friendlyName:
The friendly name of the phone
handled in this instance of this
class.

FUNCTION
Separate thread which communicates with the client
device. Data streams are sent and received in the
following order:
- Questions are sent to the client device.
- Once the user has selected the question to vote on
and cast their vote, the vote is sent back to the server,
and the saveVote method of the Database class is
called.
- The user selected if they wish to vote again, and this
is sent to the server. While the user still wishes to
vote, the server will continue to accept incoming
data (votes).
- If the user doesn’t wish to vote anymore, or
disconnects manually, the connection is closed and
this class is destroyed.
Constructor method. Gets an instance of the GUI and
the Database classes to allow this class to output
messages as needed to the user interface, and
communicate with the web service. Spawns a new
thread to execute the run method.
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The following table lists the files and make up the web service, and describes their
functionality. The table is split into files which communicate with the front end and the
server application.
FILE

PARAMETERS

OUTPUT

FRONT END
answersData.php

screen: the name

An encoded string representing the answer options
for the questions available on the specified screen.
An encoded string representing the answer options
for the question with the ID specified by the
question parameter.
The number of questions available on the specified
screen.
An HTML page with a formatted RSS feed20.

newVotesData.php

numberQuestions.php
parseRSS.php

of
a screen configuration.
None

questionChangeInterval.php

screen: the name

questionsData.php
screenCheck.php
screenColour.php
voteInfoInterval.php

20

of
a screen configuration.
question: the ID of a
question.
screen: the name

of
a screen configuration.
screen: the name of
a screen configuration.
screen: the name of
a screen configuration.
screen: the name of
a screen configuration.
screen: the name of
a screen configuration.

votesData.php

screen: the name

of
a screen configuration.

SERVER APPLICATION
questionsData.php

screen: the name

of
a screen configuration.
bluetoothAddress:
the Bluetooth address
of the phone
requesting the
questions data.

The number of seconds a question should be
shown on the front end before changing question.
An encoded string representing all the questions
available on the specified screen.
1 if the specified screen exists, 0 otherwise.
An integer value representing the colour scheme of
the specified screen.
The number of questions that should be shown on
the front end before showing detailed voting
information.
An encoded string representing the number of
votes for each answer option, for each question
available on the specified screen.
An encoded string representing all the questions
available on the specified screen, which haven’t
been voted on by the specified
bluetoothAddress.

http://newsrss.bbc.co.uk/rss/newsonline_uk_edition/front_page/rss.xml
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saveVote.php

screenCheck.php

vote: an encoded

string representing a
vote.
screen: the name of
a screen configuration.

Decodes the vote parameter and saves it to the
database. Outputs 1 if successful, 0 otherwise.
1 if the specified screen exists, 0 otherwise.
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The following slides show a brief introductory presentation given as a prelude to the realworld testing.
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Once the presentation was complete, I switched to running the UniVote system on the
projector. I then cast a vote using my mobile phone to show the participants the
expected behaviour of the system.
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The following page shows the activity log produced by the server application during realworld testing. I have marked the log to indicate the actions carried out by each
participant.
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[22/02/06
[22/02/06
[22/02/06
[22/02/06
[22/02/06
[22/02/06

09:35:52
09:35:52
09:35:56
09:35:56
09:35:58
09:35:58

Demonstration vote
[22/02/06 09:42:32
done.
[22/02/06 09:42:32
[22/02/06 09:42:59
[22/02/06 09:43:04

AM]
AM]
AM]
AM]
AM]
AM]

Welcome to UniVote.
Enter the screen name of this display above to begin.
Using screen configuration: "labtest"
Starting Bluetooth... done.
Bluetooth Address: 0014518AFC16
Listening for incoming connections...

cast by myself
AM] Getting Client Questions: 00119F59D7A2 (Nick's Nokia 6230)...
AM] Opened Client Connection: 00119F59D7A2 (Nick's Nokia 6230)
AM] Saving vote from 00119F59D7A2... done.
AM] Closed Client Connection: 00119F59D7A2 (Nick's Nokia 6230)

Participant 1
[22/02/06 10:21:32
[22/02/06 10:21:32
[22/02/06 10:21:52
[22/02/06 10:22:22
[22/02/06 10:22:31

AM]
AM]
AM]
AM]
AM]

Getting Client Questions: 0013FD8D9751 (Matt)... done.
Opened Client Connection: 0013FD8D9751 (Matt)
Saving vote from 0013FD8D9751... done.
Saving vote from 0013FD8D9751... done.
Closed Client Connection: 0013FD8D9751 (Matt)

Participant 15
[22/02/06 10:26:02
[22/02/06 10:26:03
[22/02/06 10:26:30
[22/02/06 10:27:19
[22/02/06 10:27:24
[22/02/06 10:27:26

AM]
AM]
AM]
AM]
AM]
AM]

Getting Client Questions: 0012EE6A0342 (null)... done.
Opened Client Connection: 0012EE6A0342 (null)
Saving vote from 0012EE6A0342... done.
Saving vote from 0012EE6A0342... done.
Saving vote from 0012EE6A0342... done.
Closed Client Connection: 0012EE6A0342 (null)

Participant 1
[22/02/06 10:28:18
[22/02/06 10:28:19
[22/02/06 10:28:33
[22/02/06 10:28:39

AM]
AM]
AM]
AM]

Getting Client Questions: 0013FD8D9751 (Matt)... done.
Opened Client Connection: 0013FD8D9751 (Matt)
Saving vote from 0013FD8D9751... done.
Closed Client Connection: 0013FD8D9751 (Matt)

Participant 15
[22/02/06 10:28:59
[22/02/06 10:28:59
[22/02/06 10:29:22
[22/02/06 10:29:27
[22/02/06 10:30:27
[22/02/06 10:30:32

AM]
AM]
AM]
AM]
AM]
AM]

Getting Client Questions: 0012EE6A0342 (null)... done.
Opened Client Connection: 0012EE6A0342 (null)
Saving vote from 0012EE6A0342... done.
Saving vote from 0012EE6A0342... done.
Saving vote from 0012EE6A0342... done.
Closed Client Connection: 0012EE6A0342 (null)

Participant 23
[22/02/06 10:35:01
[22/02/06 10:35:02
[22/02/06 10:35:18
[22/02/06 10:35:32
[22/02/06 10:35:47

AM]
AM]
AM]
AM]
AM]

Getting Client Questions: 001620338815 (null)... done.
Opened Client Connection: 001620338815 (null)
Saving vote from 001620338815... done.
Saving vote from 001620338815... done.
Closed Client Connection: 001620338815 (null)

Participant 20
[22/02/06 10:39:08
[22/02/06 10:39:15
[22/02/06 10:41:31
[22/02/06 10:42:11
[22/02/06 10:42:35

AM]
AM]
AM]
AM]
AM]

Getting Client Questions: 0016202ED6AE (null)... done.
Opened Client Connection: 0016202ED6AE (null)
Saving vote from 0016202ED6AE... done.
Saving vote from 0016202ED6AE... done.
Closed Client Connection: 0016202ED6AE (null)

Participant 22
[22/02/06 10:43:40
[22/02/06 10:43:41
[22/02/06 10:43:53
[22/02/06 10:44:17
[22/02/06 10:45:00

AM]
AM]
AM]
AM]
AM]

Getting Client Questions: 000FDE9C50BC (null)... done.
Opened Client Connection: 000FDE9C50BC (null)
Saving vote from 000FDE9C50BC... done.
Saving vote from 000FDE9C50BC... done.
Closed Client Connection: 000FDE9C50BC (null)

Participant 1
[22/02/06 10:48:21
[22/02/06 10:48:22
[22/02/06 10:48:33
[22/02/06 10:48:49

AM]
AM]
AM]
AM]

Getting Client Questions: 0013FD8D9751 (Matt)... done.
Opened Client Connection: 0013FD8D9751 (Matt)
Saving vote from 0013FD8D9751... done.
Closed Client Connection: 0013FD8D9751 (Matt)
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This appendix contains the responses to worksheet 1. This report uses the large
numbers to reference a comment made by a participant. The “Tester” numbers were
used only for the duration of the testing session.
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This appendix contains the responses to worksheet 2. This report uses the large
numbers to reference a comment made by a participant. The “Tester” numbers were
used only for the duration of the testing session.
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This appendix contains the project proposal. The project has not deviated from the
specification as written in the project proposal.
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FINAL YEAR PROJECT PROPOSAL
Public Voting System
Nick Day
n.day@lancaster.ac.uk
Supervisor: Dr Corina Sas

ABSTRACT
This report presents a proposal for a public voting system to be developed
as part of the e-Campus project.

This is an important area for

development because the opinions of students are pivotal to the future of
the university, and such a system can increase awareness of important
matters. The aim of this project is to develop an interactive voting system
with which users can participate using their mobile phone. The project
will involve three phases: the development of a graphical front-end to the
voting system; the development of a method of interaction with mobile
phones, and the development of a web-based administration tool. The
results from the proposed project will be an integrated system capable of
receiving input from mobile phones, manipulating the received data and
outputting it to users in a graphical form via plasma screens located
around the university campus.

1. INTRODUCTION
A critical factor in running a university is that the needs and wants of students are catered
for. Collecting the opinions of a such a large number of people is not an easy task. A new
form of data collection needs to be developed in which large numbers of students can air
their views on a range of matters of interest to the university.
"Campus is a place cut-off from the rest of the world... Students are
disinterested and often blatantly unaware of what's going on
around them..."
~ Graduate Student [1]
The rationale behind this work is to increase students interest in events happening around
them – whether this be in the scope of a campus environment, the UK or worldwide – and in
maintaining this interest to result in increased awareness of the “outside world”.

The

proposed system would accomplish this by publicising a range of events, while also asking
for the opinions of students on these matters.
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Over 75% of adults and 90% of young people currently own a mobile phone [2] and they are
an essential part of student life. As they are so common they make an ideal medium for
communication with a public voting system.
The proposed system will provide an attractive graphical front-end which acts as the main
point of interaction with users and will be distributed on plasma screen located around
campus. Users will be able to interact with the screen using their mobile phone. The topics
on which users can vote can be edited by the student union using a web-based administration
tool.
The system will be called UniVote and the URL www.univote.co.uk will be used to access any
online elements of the project.
This report contains a further four sections. Section 2 gives further background information
on technical aspects and structure of the system. Section 3 discusses development of the each
stage of project and how such a system would be tested. Section 4 details the tasks required
to complete the project, and a timescale to complete them in. Section 5 specifies the hardware
and software resources required by this project. The final section lists the references used
while writing this report.

2. BACKGROUND
This section evaluates methods of mobile-to-computer communication and discusses how
they could be integrated in this project.
There are several possible ways that a mobile phone could be utilised: SMS (text messages),
MMS (multimedia messages), WAP (wireless application protocol) and via a Bluetooth
connection. As the target users of this system are students, cost is a major factor in deciding
which system to use. All of the above communication methods are chargeable by mobile
service providers, except Bluetooth.
Bluetooth is a wireless communication protocol with a client-server architecture. The device
initiating the connection is the client, in this case the users’ mobile phone; the server is the
device receiving the connection, in this case the computer driving the plasma screen.
Unlike infrared, which is a point-to-point communication protocol, Bluetooth transmits and
receives signals omni directionally, so line-of-sight between the client and server devices is
not required. Bluetooth operates at a frequency band of 2.4 GHz, has a range of 30 feet and a
data rate of 1 Mb/s. It is possible to implement Bluetooth as a multipoint communication
medium, to allow multiple clients to simultaneously connect to a single server device. [3]
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Bluetooth also integrates with Java for the development of wireless applications and is
therefore the ideal communications protocol for this project.

3. THE PROPOSED PROJECT
The aim of this project is to develop an interactive voting system with which users can
participate using their mobile phone.
The system shall be made up of the following four components:
1.

Mobile client application

2.

Server application

3.

Database back-end and web-based administration tool

4.

Graphical front-end

The system architecture is depicted in figure 1.

FIGURE 1 - SYSTEM ARCHITECTURE

3.1. Mobile client application
This will be written in J2ME and will have to be installed on compatible Java and Bluetoothenabled mobile phones before they can take part in voting. It shall be compatible with as
wide a range of phones as possible, with a variety of screen resolutions.
The easiest and most convenient way to distribute the application is OTA (over-the-air) via a
WAP site. Although this also requires a WAP-capable mobile phone for installation, any
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phone which is capable of running the application (i.e. is Java and Bluetooth-enabled) is
highly likely to also have a WAP browser. The ideal solution to application distribution
would be an SMS-gateway – the user could text GO to a specified number and receive a direct
link (known as a ‘WAP push’) to download the software – however this introduces costs and
complications which are beyond the scope of this project.
To install the application the user will have to point their phones WAP browser to
www.univote.co.uk. They will be presented with a WAP page with a link to download the
application, which will then be automatically installed on their phone and available through
the “Applications” menu item (or equivalent).
The application itself will consist of a brief splash screen which is shown on startup, while the
application attempts to connect to the Bluetooth connection managed by the server
application. The user can only continue using the application if a server device is found in
range of the mobile phone. Once the user is connected to the server, they are presented with
a list of active questions to vote on. Brief instructions are also provided for new users.

3.2. Server application
The J2SE based server application acts as a ‘bridge’ between the other three components of
the project. It ‘listens’ for incoming Bluetooth connections from mobile clients, and ‘serves’ a
list of questions and possible votes to appear in the mobile client application. The list of
questions and votes are retrieved from the database back-end at regular intervals, and
updated when a new vote is cast. The application will also provide a status log of the actions
taking place.
The server application will periodically parse data from a BBC News RSS feed, and save the
results into the database back-end. This is used by the graphical front-end.
Each mobile phone that communicates with the server has its own unique address. This can
be used to the projects advantage – it can prevent multiple votes on the same question by the
same mobile phone, and a record of the number of votes cast by any mobile phone can be
stored. This brings the possibility of the student union using this data to their advantage,
perhaps introducing some sort of reward scheme for users who vote frequently, to act as an
incentive for participation.

3.3. Database back-end and web-based administration tool
The database is powered by MySQL and is stored remotely on an Apache server at
www.univote.co.uk. Storing the database remotely allows it to be updated online via a webbased interface, without physical access to the machine running the server application. This
is an obvious advantage in a practical sense, especially if multiple machines are deployed
around campus. The web-based administration tool will be written in PHP and will provide
simple manipulation of the database to add, edit or delete questions.
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3.4. Graphical front-end
This provides an eye-catching interface to attract users interest to the system, and will be
developed using Macromedia Director.
A possible candidate for a design layout is shown in figure 2.

FIGURE 2 - SAMPLE LAYOUT

Director is an application used for creating multimedia presentations/applications in kioskoriented environment. [3] It allows a great level of customisation in layout, animation and
multimedia content – a level of which isn’t available in the Java Swing environment.
The front-end will rotate between active questions retrieved from the database back-end,
which will update at regular intervals. A graph will show the current outcome of the voting.
To keep users interested in interacting with the system, multimedia content will be provided
in the form of RealVideo news feeds from BBC News, and scrolling news headlines, which
are retrieved from the database back-end at periodic intervals.
Although the front-end could also be developed in Java, as part of the server application, this
doesn’t provide much flexibility in the layout of the design, or any possibility of animation or
streaming video.
There is little point in developing an interactive voting system which is dull and
uninformative, because many users will choose not to respond to it. The system has to come
across as enjoyable and exciting to use – this is part of designing for fun. [5]

This is

something which Director can help me accomplish with the use of animation, video content
and an attractive design.
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3.5. Testing
Before the system is distributed campus-wide as part of the e-Campus project, it will have to
be thoroughly tested.
The mobile client application shall be tested on a wide variety of mobile phones, preferably
with a range of screen resolutions to ensure that all required information is easily visible on
the screen.
Testing will need to be carried out in erroneous conditions, e.g. the mobile phone is not in
range of a server, the database back-end is unavailable or there are no questions stored in the
database.

4. PROGRAMME OF WORK
My work through this project can be broken up into the following sections, which is depicted
in figure 3.

4.1. Experimentation
This involves testing the devices that are going to be used in the project, determining what
they are capable of, and developing simple applications to pass messages between devices.
Various technologies will need to be studied, including J2ME development, Bluetooth
communication, and Director integration with a MySQL database. Decide the best way
forward through the project.

4.2. Design
Create mock-up designs of both mobile and server applications. Decide on a design layout
for the front-end.

4.3. Development
Development of the mobile and server applications, front-end, database and web-based
administration tool to the testing stages. Carry out testing myself during development.

4.4. Testing
Test complete system on a small range of users to identify any final bugs. Interview users to
gain their evaluation of the system.

4.5. Real-World Testing
Testing of the complete system in a real-world environment to users with no prior knowledge
of how the system works.
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4.6. Final Report
Write final report on the development of the system, and complete documentation on the
website.

Task/Week

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Experimentation
Design
Development
Testing
Real-World
Testing
Final Report
FIGURE 3 - GANTT CHART

5. RESOURCES
I will require the following hardware and software resources to complete this project.
"

A Bluetooth-enabled computer running J2SE.

This will be used for prototype

development, and will run both the server application and graphical front-end. This
computer must have Internet access for connection to the remote MySQL database
back-end and video streams.
o

My development platform is an Apple PowerBook G4 with internal
Bluetooth module, running Mac OS X 10.4.

"

J2ME development environment. This allows me to simulate the execution of the
mobile client application, without packaging the Java code into a MIDlet for
distribution to a mobile phone. This is made up of MIDP for OS X, Apache Ant, and
the X11 window system. [6]

"

J2SE development environment. Used for developing the server application.

"

A Java and Bluetooth-equipped mobile phone for testing of the mobile client
application and testing of the overall system.
o

"

I will use a Nokia 6230.

PhoneDirector. Allows me to upload the mobile client application to my mobile
phone for testing, without the cost of continually distributing OTA (over-the-air)
after each minor update. [7]

"

Other mobile phones for further testing.

"

Macromedia Director MX 2004 for development of the graphical front-end.
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