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Introduction

Almost half of software in systems being developed today and thirty-seven to fifty
percent of efforts throughout the software life cycle are related to the system'’s user
interface. For this reason issues and methods from the field of human-computer
interaction (HCI) affect the overall process of software engineering (SE)
tremendously. Yet despite strong motivation amongst organizations to practice and
apply effective SE and HCI methods thetiél exist major gaps of understanding both
between suggested practice, and how softvgaaetually developed in industry, and
between the best practices of each of the fields. There are major gaps of
communication between the HCI and SE fields: the methods and vocabulary being
used in each community are often foreign to the other community. As a result, product
quality is not as high as it could be, and (avoidable) rework is often necessary. In
addition, SE methods and techniques are often perceived by HCI specialists as tools
that are only re-served to computer scientists and of little or no relevance to HCI. And
vice versa: HCI contents are often perceived by software engineers as after-thoughts
or side-tools that do not nexsarily affect the quality afoftware. For instance, no
methodologies in the domain of objectesried programming offer explicit support

for HCI and existing HCI methods are integrated in development practices in a way
that is more opportunistic than systematic.

The theme of this workshop is to attempt to enumerate and understand these gaps of
under-standing and communication, with an eventual goal of proposing ways to
bridge these gaps.

For instance, SE frequently employs requieets elicitation techniques that involve
soft goals, procedures, and operators. ty@ically uses task modelling involving
task, sub-tasks, and temporal operators between. While these two techniques are
different in purpose, they are surprising close to each other.

This workshop can improve software engineering and HCI education and practice by
raising awareness of HCI concerns among SE researchers, educators, and practitioners,
and vice-versa. It can also show the places where an attention to concerns from one
field can inform the other field’s processes, and showing how methods and tools can

be augmented to address both SE and HCI concerns.

Morten Borup Harning and Jean Vanderdonckt
Veerlgse and Louvain-la-Neuve, September 2003

http://www.se-hci.org/bridging/interact
http://www.interact2003.org/workshops/ws9-description.html




Harning & Vanderdonckt

Architecture for Personal Text Entry Methods

Poika Isokoski & Roope Raisamo

TAUCHI, Department of Computer and Information Sciences,
University of Tampere, FIN-33014 Finland

{poika,rr}@cs.uta.fi

Abstract: Text entry is special kind of human-computer interaction in one respect: it is a highgdleativity,

and unlike some others it needs to be so. Writing is not an inborn or trivially acquired skilbiikeng and

reacting to simple stimuli. Because learning a writing method is expensivs, hesefit from using the same
method in different situations. We describe an architecture that supports text entry methéalkot the user

from device to device. The architecture consists of a server and text entry method implementations that the
server downloads from the Internet. Text entry method selection is based on user preference and input device
compatibility. We use Java for implementing the text entry methods so that tleeceai®m can be run on
different platforms. The server is not similarly platform independent. Cwrerml have implementations for

Linux and Microsoft Windows.

Keywords: Text input, device independence, personalization, Java.

can cope with this learning burden, but many would
1 Introduction rather not — at least if it can be avoided.
We propose solving this problem through a
Text entry is an important task in human-computer clearer separation of the device and the text entry
interaction. A large part of our daily computer- method. Instead of being device-specific the text
mediated communication is done in writing. This is entry methods should follow the user. This can
true even for devices that were originally intended happen in at least two ways. One way is to have a
for other forms of communication. For example, physical personal text entry device such as a small
some people use mobile phones more for textkeyboard or a digital pen that interfaces with the
messaging than for talking. computing devices that the user encounters. The
Some form of text entry is needed in many other way is to make the text entry software adaptive
computing devices. Desktop computers, mobile so that instead of bringing his or her own input
phones, tablet PCs, two-way pagers, game consolesgevice, the user can utilize the available input devices
and even TV sets have some way to enter textualin the most familiar possible way. We have explored
information. The very different design goals of these this latter option by implementing prototypes of a
devices lead to different choices of input devices, software architecture. Our architecture does not
which results in a great variety of text input methods. exclude the hardware solution or any of the existing
Good examples of this are the various text input text entry systems. Rather it is a new service that can
methods fashioned for the 12-key telephone keypadoffer advantages to those that choose to use it.
(MacKenzie and Soukoreff, 2002). We will describe the benefits of our architecture
For a user with several computing devices, the by focusing on its good properties. These include:
need to learn how to enter text into all of them can e Support for different input devices and methods
become a problem. The rapid aging of the devices that are compatible with multiple devices.
aggravates this problem. A new device generation « Multi-language support.
may have a different text entry system. This means o Support for emerging text entry methods.

that the user has to go through the expensive and, Good environment for personalized text entry
frustrating learning process repeatedly. Some users methods.
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o Lower overall implementation effort. produces. In a manner similar to the input queries,

e Coexistence with other systems. the module negotiates with the server the characters
These issues have been addressed in some ways iinat the server will accept. Again the module may

existing systems. Our architecture extends theseconclude that its needs are met to a sufficient degree
capabilities. or that it cannot cooperate with the server.

First we describe the architecture and our current  If the module concludes that it cannot function
implementations. Then we explain the above- under the conditions that the server has listed, it will
mentioned properties in more detail. Finally we tell this to the server. The server then unloads the
discuss our experiences with the architecture so farmodule. Otherwise the module asks the server to start

and lessons learned in the implementation. sending input as it arrives.
In addition to input primitives and text output
2 The Architecture capabilities a module may require graphics output

capabilities. These are queried and requested through
We describe our architecture in two parts. First, the a procedure similar to acquiring input.
essential main components that allow text entry  The text that the module produces is given to the
methods to follow the user and then the peripheral server one character at a time. The server forwards
components that are needed to support thisthese characters to the operating system in the form
functionality. of suitable events that produce text in the user

. interface components.
2.1 Main Components

The main idea — to make the text input methods Server
follow the user — dictates that a text input method is a
self-contained module that can be transferred

| Server interface '

between computing devices. In order for this to be K
possible the computing devices must be capable of events characters
running these modules. Thus, we have the two main hs

Module interface

parts of our system: text input modules and servers
that can run these modules.

Figure 1 shows these two components in the
normal operating mode. The server gives the module
input events to process. The module translates the
input into characters and then gives the characters
back to the server. The scope of interest frame in
Figure 1 shows the part of the system that has been in
our main focus so far. We have been aiming to build
a minimal pair of interfaces that would allow text 2.2 Peripheral Components
entry modules to operate. This is also the part of theFor the server to be able to behave as the modules
system that needs to be standardized to guaranteexpect, several other components are needed. These
module compatibility between server are illustrated in Figure 2. Starting from the top the
implementations. Everything else can essentially befunctions of the first componentsnput devices,
left to the implementers to do as they see mostoperating systemand applications are as usual.

Scope of interest

Figure 1. The two main components of the
architecture.

convenient. Everything below them belongs to the text input
architecture implementation. The operating system
Interaction Between the Server and a Module offers an interface for accessing the input device

A text input module translates input primitives such data. Theinput adaptersuse this interface to get the
as keystrokes and pointer coordinates to a textinput and translate it to the internal format of our
stream. Each module is capable of dealing with aarchitecture. This data is then passed to stever
limited set of input primitives. For example, a who dispatches it to the interestedduleif any can
module that does handwriting recognition cannot be found. The module processes the input, and if a
function if only keyboard input is available. Because character is produced, it is given to the server for
of this, a module begins its setup task by querying thedelivery. The server delivers the character to the
server for the available input devices. Depending onoperating system through asutput adapter The
the response its input needs are either met or not metoutput adapter translatestbharacter to the message
In addition to suitable input, the module must format of the operating system. The operating system
make sure that the server can accept the output that ithen forwards these messages according to its own
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rules to theapplication or window that has the the user preferences without writing. We use generic
keyboard focus. CompactFlash cards on a USB reader. The
The configuration handler component in the  Subscriber Identity Module (SIM card) would be a
middle of Figure 2 waits for the user to insert a user natural choice in GSM phones. Even floppy disks or
key that contains the user preferences. It then read<CD-ROMs could be wused, when applicable.
the preferences and commands the serverNaturally, a consensus on the memory device is
accordingly. Usually this amounts to unloading all necessary or otherwise the user has to carry all of
modules and then loading the modules that the usetthese.
prefers. The medium that delivers the user preferences
Our current implementations run the server, the may contain all the needed information including the
key handler and the adapter layers as separatéext entry modules, or it may contain network
processes that communicate through TCP addresses where the modules can be found.
connections. Because the platform-specific parts are
isolated from the core of the server, we can use theModule selection
same server on different platforms. The two Regardless of the way that the location of the
platforms (Microsoft Windows and Linux), that we preferred modules is delivered to the server, it will
have implemented the system for, both run on proceed to load the most preferred one and initiate
desktop computers that usually have adequatethe module setup sequence described above. If the
resources for running all these processes. A differentmodule is not satisfied, it is unloaded and the next
approach that minimizes the number of processesmodule on the user’s list is loaded. This continues
may be better for mobile devices with limited until a module is satisfied or until there are no more
resources to allocate for text input. Portability of the modules in the user preferences. A consequence of
server is a nice feature, but by no means necessaryhis module selection algorithm is that the user
for achieving our primary design goal of creating text should choose the modules in his or her list so that

entry modules that follow the user. they cover all the input/output conditions that he or
- she wishes to use.
( Input device l The server can be configured with default

modules and used without per-user module selection
or with text entry method selection through explicit
interacti(_)n with the user just like yvith the systems
and devices that are currently available. The default
module configuration is implemented in our server.
data key events Implementing interactive module selection involves
cgﬁnﬁguraﬁon writing a new configuration handler.
Gandler Output adapter
p/ - 3 Features of the Architecture
Svents commands / characters (‘}’E,Z‘f ction To clarify the kind of situation in which our

JavaVM architecture is useful we describe a scenario where a
user owns several computing devices and enters text

events

h 4 key
Operating events
system

everits characters to all of them. In the following we assume that our
text input architecture is available on all computing
devices.

3.1 Use Case: User with Several Devices
Our user has a mobile phone, a PDA, a digital TV set
with a web browser, a game console, and a desktop
computer. The user knows how to touch-type on a
User Key QWERTY keyboard, but his handwriting seems
Before loading a text entry module the server must Problematic to most handwriting recognizers. This is
know which module to load. This information can be Why he has learned how to use Quikwriting (Perlin,
configured into the server or provided by the user. 1998) for entering text into his PDA. Luckily

Because the user does not necessarily have text inpuguikwriting can be operated with a 9-key keypad and
capability before loading a module, there should @ joystick as well. The setup that requires the least

either be a default module available or a way to enterdmount of learning new text entry methods is to

Figure 2. Overview of the components in the
current implementations.
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Touch-type on the desktop computer and useentry systems are built specifically for a certain
Quikwriting on the other devices. For the mobile device and a device usually has only one input device
phone and the PDA doing this is straightforward. The for text entry. Currently it makes no sense to support
setup procedure consists of copying the Quikwriting many input devices. However, in an environment
module onto the device and configuring the systemwhere all text entry methods are available on all
properties to set it as the preferred text entry devices, users may prefer to learn one system well
method. and use it with different input devices rather than
spread their effort to several text entry methods.
Accordingly, modules that support many devices are
valuable. Our architecture makes writing such
Module .
Repository modules easier.

Internet

]

3.3 Multi-language support
/ \ Languages that use different characters are a problem
J in text entry. Supporting all possible characters at the
Desktop ) PDA (Mob“e (TV ) (Game ) same time is not a good solution with any text entry
(“‘“P“‘er ( ) Phone S console method, but the problem is especially bad in the case
of handwriting recognizers. Building a recognizer
that can reliably recognize all writing systems at the
same time is most likely impossible. In our
Preferences architecture different languages would most naturally

be written using different modules. Only one of these
is loaded at a timaccording to the user’s preference.

i

User key

Module
Repository

3.4 Emerging text entry methods
Figure 3. User key, devices, and Internet- It is difficult for a new text entry system to enter the
based module repository. market. The inventor must convince one or more of
the device or operating system manufacturers to
The setup for the TV and the game console include the system in their products or the users will
requires some more work because other members ohever have a chance to try it. This is mostly a good
the family use them too. These devices are thing. As long as the manufacturers make decisions
configured to use per-user module selection with ato protect the users from bad inventions and support
small memory card as the user key. The overall the useful ones, everything is OK.
situation is depicted in Figure 3. The user key could  However, the current practice seems
be used with all devices as shown, but using it makesunnecessarily stiff. Early adopters of new technology
no sense if a device has only one user or all users oface technical difficulties in trying out new text entry
the device use only one text input system as is themethods not supported by the device manufacturers.
case with the mobile phone, PDA, and desktop Because different devices often require different
computer. implementations or at least different build of the
Overall, instead of needing to bother with five executables, most of the consumers do not want to
different text entry methods, our user needs to knowsee the trouble of figuring out if they can find an
only two. This is a nice achievement, but is it worth implementation that will work on their device. Our
the trouble of standardizing the architecture and system allows the use of any text entry method on a
implementing it on every computing device? We particular device as long as the server that runs the
believe so, especially when we take into modules is implemented for that device.

consideration the other good properties of the .
architecture. Next we will describe these properties 3-2 Personalized textentry methods

in more detail. Aside from language preference, there are other
] ) _ reasons for loading a specific module for a specific
3.2 Support for different input devices user. For example handwriting recognizers can

A module can be written to support different input benefit from user-specific training. Presumably one

devices. Currently text input systems such as of the reasons for the limited success of trainable
Thumbscript (2003), Quikwriting (Perlin, 1998), recognizers is the difficulty that arises once the user
MDITIM (Isokoski and Raisamo, 2000), and upgrades the device. So far there has been no
MessageEase (2003) that can be operated with manguarantee that the trained recognizer can be
input devices remain a curiosity. This is because texttransferred to the new device. Also, if the user owns
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multiple devices, he or she has to train them all 4,1 Platform-Specific Architectures
separately or explicitly distribute the ftraining Some writing systems require user input beyond
database. In our system the training database residesimply pressing a key to produce a character. For
with the recognizer module in the Internet or on the example, after pressing a sequence of keys to input
user key and is downloaded when needed.the pronunciation of a character or a word some text
Personalized databases of disambiguation systems fOfnput systems for Chinese require the user to select
mobile phones, such as those of T9 (Tegic, 2003),the intended written representation of the character
and word completion databases can be handled in thgrom a list of matching characters (Sun, 2003; Wang
same way. et al, 2001).

3.6 Lower overall implementation effort _As there are several languages that require this
Currently a prospective text entry method producer kind of interaction and there are several ways to

1y @ prosp ; y P implement the interaction, the need to separate these
has to implement the logic of the text entry method

and the interfacing to each of the operating systemissues into a replaceable module in the operating
and hardware platforms that the system needs to rur]system arises naturally. Accordingly, systems that are

on. In our architecture all text entry methods use the'm(:"nded for world wide use are usually built to
: . yn include a framework with a component that acts as an
same server that implements the interface to the

device drivers and to the operating system for intermediary between the user interface components

L : that receive the text input and the language-specific
method implementation needs 1o ieriace with only X I"PUt Modules. An application that uses the
one system. Furthermore, the logic of the text entry standard text components offered by the operating
method neéds o be (;ompiled only once. The system does not need to worry about the text input
. - : technology and the text input modules do not need to
implementation effort for the text entry method

producer is reduced significantly. However interact with appl.lcatlons d|rectly.. :

somebody needs to implement the sérver for ea,ch In the following we summarize key pqlnt§ of

device. Even so, the overall implementation effort is some of these'systems regarding our objective of
S ' : L making the text input method follow the user.

smaller with our system than without it if the number

of text entry methods is large. This is the case at leas

) . tJava 2 Input Method Framework
in the global perspective.

The Java 2 platform includes an Input Method
3.7 Coexisting with other systems Framework, J2IMF, to enable text input components

Even when our system is running, the operating to receive their input from different text input
system can choose not to send input to it. This Methods (Sun, 2003). The kinds of methods that are

effectively stops the text entry method from mentioned in the documentation include language-
interfering with the rest of the user interface. Thus, SPecific input methods, methods for keyboards with

for example on a mobile phone, the keypad can be/®SS than the normal amount of keys, speech
used for text input only occasionally and for other récognition, and handwriting recognition.

purposes such as gaming, keying in phone numbers Thg text input methods in Java 2 are |ns'talled' as
at other times. Similarly, users can be offered the €Xtensions to the runtime environment. The intention
choice of using the native text entry systems or our N Java 2 is not to change input methods in runtime
system just like they can switch between soft depending on who happens to be using the device.

keyboarding and handwriting in the current PDAs.  However, there is nothing to stop an input method
developer from writing a Java 2 input method that

4 Related k can itself load code in runtime and execute it to
elated wor produce different text input behavior. A system like

User interfaces that support some degree of deviceNis would in essence amount to implementing our
independence have been built in operating systemsS€rver component for the Java 2 platform. _
since the first interactive systems were introduced. ~ We claim that J2IMF is not an ideal solution. Still
The mechanisms for text input exist in several levels We have implemented our architecture in Java. The
of sophistication, ranging from simple key mapping difference between the systems is that. the Java Input
to architectures that are distributed across severaMethod framework works directly with the Java
networked computers. Below we discuss some ofPased GUI components in the applications. Our

these systems and their relationship to our implementation interfaces with the operating system
architecture. to support non-Java applications. In addition our

approach requires only a small subset of the standard
Java libraries making it more suitable for resource-
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constrained devices. Generally speaking, our module4.2 Theoretical Frameworks
implementation language does not need to be Javajf viewed through the well known Seeheim (Green,
What our architecture needs is platform independent19g85) and Model-View-Controller (Krasner and
binaries (i.e. they are run in a virtual machine) and Pope, 1988) architectures, the text input systems
that only one such language is used. Java seems giscussed above including ours reside outside the
reasonable choice, as it is available in most devices. application. TSF and J2IMF utilize the same user
_ _ interface widget instances that the application uses.
Microsoft Text Services Framework _ Overall, the systems do recognize the need to
is the Text services framework, TSF (Microsoft, following the ideas of the Seeheim and MVC models.
using the Component Object Model (COM) some evidence of text entry adaptability. For

frarr_1ework. In addit?on to providing access to input example in mobile phones, text input method can be
devices, TSF provides access to the text bufferschosen from a set of usually two alternatives. In

within  applications enabling context-sensitive gdqdition to the traditional multi-tap a more
interpretation of input. The binaries that implement sophisticated disambiguation-based method like T9
TSF-compliant text services are in general compiled (Tegic, 2003) or iTap (Motorola, 2003) is usually
separately for each hardware platform. However, just ayajlable. The systems themselves can further adapt
like in the Java 2 platform it is possible to provide tg the vocabulary of the user, but overall the choice
wide platiorm independence within TSF Dy of text input method is limited to the
implementing a text service that loads platform jmplementations that are pre-installed in the device.
independent modules that implement the actual Although we use partly the same rhetoric that has

functionality. This is just not done at the present. been used for supporting adaptive user interfaces and
multimodality in general, we are not proposing a
INMF general solution. Our work considers only text entry

The Internet/Intranet Input Method Framework techniques. This distinction is important because
(INMF) has been described with many of the same supporting adaptivity, adégbility, and plasticity
arguments that we have for our architecture. The goal(Thevenin and Coutaz, 1999) with or without
is to build a system that is easy to integrate with mjimodality in all aspects of user interfaces is a
existing text input architectures and utilize the huge undertaking with slim chance of success.
services that they can offer over the network (Hiura, personalization, through these means is much easier
1999). _ to achieve within a limited domain. Because the
IIIMF has two major parts separated by a network gomain of text entry involves expensively acquired

connection. The IIIM Server is platform independent gyijis personalization can offer clear payoffs in saved
software that offers services to IlIM clients. Platform time and effort.

independence in this case means independence of the

platform on which the text input happens. The server . .
is, of course, dependent on the platform that it runs5 Discussion and Future Work

on. A client is run on the computer that the user is \whjle our experience with the architecture has shown
using whereas the servers may reside on differentat it s realizable, the implementation is to be taken
computers. Parts of the system can be loaded over thgg proof of concept rather than as a finished
network at runtime. This includes the code that doesproguct. Here we discuss some important aspects that

Iocal_ preproqessing in the client computer before need to be improved if the system is to be used
sending the input data to the IlIM server, and the g tside research laboratories.

code that displays feedback to the user. The servers

run language engines that provide the translation5.1 Security

from keystrokes to text. Java provides a framework for running code
I1IM Client Frameworks have been implemented downloaded from the network relatively safely.

for several platforms such as Java 2, X Windows, There are aspects of the proposed architecture that

Emacs, and Microsoft Windows. Although one make it necessary to use all the security features

server can run the language engines for any of theseavailable.

the code that is sent for the client to execute must be  For example, a simple but effective malicious use

able to run in that system. All text input systems do of the system would be to insert a module that saves

not require code to run on the client system, but thoseall that the user writes and sends it to the interested

that do are not independent of the client system. parties over the Internet. Another way to cause
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security problems would be to write a module that microphones and other input devices can be added.

gives commands to the system as if they wereAll server implementations do not need to support all

coming from the user. devices. The important thing is that those that do
To avoid these harmful scenarios, the modules support a device all do it in the same way.

must be authenticated. The user can authenticate th% .

fact that he or she really wants to use this specific 4 Practical Le_:ssons Learned _

module. An outside authority can authenticate that SO far we have implemented mostly incomplete

this module has been approved for general use modules to test _the server |mplem(_entat|ons._The_r_nore

Which combination of authentications is required complete ones include an extension of QuikWriting

depends on the system administrator. Manufacturers(Perlin, 1998), shown in action in Figure 4. We

and network operators might require both forms of @dapted Quikwriting to be used with a joystick and

authentication to be used whereas an individual userk€yboard in addition to the original stylus. Another

might only require his or her own authentication for Working module implementation is MDITIM

modules used in a personal computer. (Isokoski and Raisamo, 2000). Here we discuss the
o practical issues that have risen in this work.
5.2 Standardization It is desirable to have as compact modules as

Our text entry architecture is not the only system that possible. The size of currently implemented modules
requires widespread agreement on interfaces.varies between 10 and 40 kilobytes. Modules that are
Initiatives like the Open Mobile Alliance, OMA to work with a wide variety of input devices need
(2003), aim to provide common software architecture code that examines the properties of the available
for mobile computing devices. Text input and other input and output, and then adapts to the available
user interface issues will undoubtedly emerge in resources. Selecting the optimal input device
discussions within these cooperation organizations.configuration without human intervention is a
We are not affiliated with any of these organizations. difficult problem. We do not claim to have found a
Our goal is to independently experiment with text perfect solution. The current approach is to divide the
input architectures to provide evidence for or againstinput into basic input devices such as absolute and
adopting them for general use. relative pointers, and key matrices. One physical
device may contain many of these. For example
5.3 Unsupport_e(_j Text Entry M_etho_ds mouse has a key matrix and a relative pointer. In the
Naturally our minimal programming interface re|atively simple cases that we have encountered so
excludes some types of text input methods. There sy our modules have been able to select the correct

presently no mechanism for informing a module jnnyt devices. However, very difficult situations are
about the input context such as the text surroundingeasy to construct especially with odd key

the cursor or more general context such as whetheryrangements.
numeric input or text is expected. Thus, for example
handwriting recognizers cannot utilize this
information to increase recognition accuracy. The
strength of the text input frameworks built into user
interface frameworks is that they can get this kind of
information. In addition, the closely coupled systems
like TSF and J2IMF can offer things like in-place
editing with a stylus.

Support for context information could be added.
It would make the interface slightly more |
complicated, but that is not the main reason for not™
having it already. The justification for keeping it out
so far has been our doubts on its usefulness. Texi
entry methods that fully utilize the context are rare in
the mobile devices.

The list of supported input devices indicates more Figure 4. A participant at work in an
unsupported text entry methods. We have support for  experiment that utilized the architecture.
pointers and keys but for example a microphone is
not supported. Assuming a recognition server based Implementing the input and output adapters for
approach such as in the MiPad system (Huang et alLinux and Windows is straightforward because both
2000), useful but compact speech based modules fosystems have good support for this kind of work.
text entry could be constructed. Support for Currently we have adapters for mice, tablets, game
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controllers and keyboards for Linux and for game Huang, X., Acero, A,, Chelba, C., Deng, L., Duchene, D.,
controllers and tablets for Windows. In Linux these Goodman, J., Hon, H., Jacoby, D., Jiang, L., Loynd,
use the evdev interface to USB human interface ﬁ-vt'\"agalgr‘ M., I\|<|/|au\'/vp" Mireglt\?v, S, 'V\'(Uﬁzgg'éos)-‘
devices and in Windows we use Directinput. €to, 5., Flumpe, M., ¥vang, &., & Wang, Y. *

Implementing the modules is not simple. ';Ar'sfgé dinAgs c':lfel)gsuciezn(?(;g.“ggiji nPgDéhi nF;ototype,
Although a module may consist of as few as 500 to '

1000 lines of Java code, the code needs to be VerYsokoski P., & Raisamo R. (2000), Device independent text

adaptable and efficient. Efforts to save in the module input: A rationale and an example. Proceedings of
size, runtime memory footprint, and CPU load may the Working Conference on Advanced Visual
easily lead to bad programming practices resulting in Interfaces AVI 2000, ACM Press, 76 - 83.

code that is difficult to comprehend and maintain.
Despite these hardships we believe that Sun (2003), Java 2 Input Methods Framework,
implementing the module once in a hard way is less http://java.sun.com/j2se/1.4/docs/guide/imf/.
expensive than implementing it dozens of times to

serve all devices with a platform specific Krasner G. E. & Pope S. T. (1988), A cookbook for using
implementation. model-view controller user interface paradigm in
Smalltalk-80. Journal of Object-Oriented
. Programming, 1 (3), 26-49.

6 Conclusions

. . . MacKenzie, I. S., & Soukoreff, R. W. (2002), Text entry
We presented the rationale and implementation of for mobile computing: Models and methods, theory

text entry architecture for mobile devices and users. and practice. Human-Computer Interaction, 17, 147-
The architecture has many benefits. It allows the 198.

users to freely choose the text entry methods they

want to use and to I’etain the usefulneSS Of their teXtMessage Ease (2003), hmwwlmessagease_com/

input skills as computing devices change. Another

important benefit of the architecture is that software Mmicrosoft ~ (2003), Text Services  Framework,

vendors only need to support one platform — namely http://msdn.microsoft.co/library/en-us/tsfitsf/

the implementation of the described architecture — text_services_framework.asp

rather than all of the current operating system

platforms. Motorola (2003), iTap, Intelligent keypad text entry
In its current state the system serves as a platform technology. ) .

for doing text entry experiments using multiple text http://www.motorola.com/lexicus/html/itap.html.

entry methods. We use it because it saves effort in ) )

implementing the text entry methods that we need ©MA  (2003), Open ~ Mobile  Alliance,
. . http://www.openmobilealliance.org.

especially when testing text entry methods that can

tbe u_zed with trrr:ore t?an onek;npflfjt dﬂe]wce. If Et)daptlf.ztherlin, K. (1998), Quikwriting: continuous stylus-based
0 wiger use, the system could ofier the same benetits text entry. Proceedings of the ACM UIST ‘98

to a wider audience. Symposium on User Interface Software and
Technology, ACM Press, 215-216.
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Abstract

Usability is a significant factor in the creation of
quality software products which is an important
focus of the software engineering syllabus.
Usability is also a significant factor in the study of
Human-Computer Interaction (HCI). Despite the
connection, software quality and the rigours of the
software engineering discipline are not used in the
teaching of HCI and visa versa. Consequently,
students undertaking software engineering courses
are not fully exposed to usability issues and HCI
students often miss out on the disciplines of software
engineering. This paper presents a quality focused
conceptual model — the Software Quality Star -
which can be used in both syllabi.

1 Introduction

Software quality is a well researched and understood
discipline in software engineering. Quality is an
aspiration of everyone. External quality factors are
accepted as those that impact end users. Fitzpatrick
and Higgins (1998) argue that the combined set of
external quality factors constitute usability which is
a significant consideration for HCI professionals.
However, while quality is an objective of HCI
professionals, the HCI curriculum is not driven by a
quality perspective. At the same time software
engineering professionals want to produce quality
products which will be used by end users, but their
syllabus is not driven by a focus on usability.

The aim of this paper is to introduce to IT
educators and practitioners a conceptual model for
software quality, a model of quality perspectives,
which is motivated by the International Standard
ISO/IEC 12207 (1995). This standard addresses life

cycle processes and the model considers quality
throughout those processes. User considerations are
core to those processes, so, the model incorporates
elements, which impact HCI. The model was
developed specifically for undergraduate
programmes, where it is being successfully used.

Section 2 introduces the Software Quality Star
and explains the originating philosophy
underpinning the model. Section 3 provides an
overview of the principal topics addressed by the
various components of the model, illustrating how
quality is the principal motivator. Section 4 clarifies
how the model supports the transfer of software
engineering theory to the discipline of Human-
Computer Interaction. Section 5 outlines current
usage in an academic context and Section 6 offers
some concluding comments.

2 The Software Quality Star

This section presents the conceptual model of the
Software Quality Star and clarifies the philosophy
underpinning its origin. The section also comments
on the comprehensive paper that supports the
understanding of the model.

2.1 The conceptual model

The software quality star is a conceptual model for
presenting the different perspectives of software
quality as seen by the different software product
stakeholders and is based on the Acquirer and
Supplier as defined in ISO/IEC 12207 (1995). The
model is illustrated in Figure 1.

There are three significant elements in the star —
the Producer (Supplier), the Procurer (Acquirer)
and the Product. In the model the Procurer enters
into a contract with the Producer to create a software
product. This contract will clearly specify the
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quality characteristics of the product. The
Procurer’s perspective of the producer organisation
is that they will use best project management
practice and engage in first-rate processes to create a
quality product. The Procurer’s perspective of the
product is that it will be acceptable by the user
community and that it can be serviced and
maintained by their IS professionals.

The model considers the Procurer to be the lead
party in any contractual arrangement as it is the
Procurer’s users and technical support professionals

Software Quality Star

Contract

Copyright 2000 © Ronan Fitzpatrick

Figure 1 — Software Quality Star

who will dictate the success or failure of the
software product. It is also the Procurer who will
dictate the profile and maturity of the selected
Producer organisation.

The model also accommodates the Producer’s
perspective of software quality and focuses on the
maturity of the Producer organisation as software
developers and the development processes that they
used to create quality software products.

2.2 Motivating philosophy

The motivating philosophy for the model is software
quality and the principal aim is to show that quality
permeates all of the stakeholder’s perspectives. The
philosophy is not limited to the belief that quality is
“conformance to specification” or ‘fitness for
purpose.” Instead, the model relies on the
philosophy of Kaoru Ishikawa, the founding father
of Japanese thinking on quality who writes “that

Broadly interpreted, quality means quality of work,
quality of service, quality of information, quality of
process, quality of division, quality of people including
workers, engineers, managers and executives, quality
of system, quality of company, quality of objects”
(Ishikawa, 1985). Section 3 illustrates this quality
focus in more detail.

2.3 Supporting papers

All of the perspectives outlined in the model are
comprehensively  explained from a quality
perspective in a supporting paper. These
explanations rely on acknowledged and seminal
work in the area and are fully illustrated. The
extended Software Quality — Strategic Driver Model
(Fitzpatrick, 2001) is also used as supporting
reading.

A summary of the components and topics
addressed are set out in the next Section.

3  Components and topics

There are three main perspectives in the model, the
Producer’s perspective, the Procurer’s perspective
and the product perspective. Each is explained now
in turn.

3.1 Producer’s perspective

The Producer’s perspective is driven by the desire to
be a quality organisation employing first-rate staff
who engage in first-rate processes using first-rate
tools and techniques to create quality software
products. In keeping with the House of Quality
model (Hauser and Clausing, 1988), the Producer
will be driven by an enlightened philosophy and
leadership. This philosophy is underpinned by the
belief that to achieve quality there must be political
(organisational) stability and that there is a need for
continuing education among the actors involved.
The organisational ability will support organisational
desire to create quality products and the education
will support the ability to specify quality
requirements.  This is especially important for
aligning the Acquirer’s corporate processes and their
software requirements. = The need to address
software development strategies like developing re-
usable code and software portability are significant
issue for the Producer organisation. These topics
considerably impact the cost of creating software
products and might not be of interest to the Acquirer.
The accepted approach to successfully creating these
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first-rate software products is to engage in software
project management and an expression often used to
provide focus for the objective of project
management is “to complete the right project, on
time and within budget”.

Engaging in a project is a software industries
approach to creating a software product and
ISO/IEC 12207 (1995) gives project management
guidance in section 5.2 of the standard. This means
that project management best practice is used in
order to assure the successful delivery of the product
and this best practice employs planning, organising,
controlling and  directing  throughout the
development life cycle. It is through this best
practice that the Supplier demonstrates to the
Acquirer their standing and competence as a
Supplier organisation.

ISO 12207 (1995) places the onus on the
Supplier fo develop and document project
management plans (section 5.2.4.5) and continues
that the Supplier shall implement and execute the
project management plans (section 5.2.5.1). So,
there are two critical aspects to the Supplier’s
responsibility (develop and document AND
implement and execute) and their level of
competence in these is what the Acquirer should
evaluate.

In this perspective the process for creating the
software product is all-important. As part of the
creation of software products, supplier organisations
will engage in a set of processes. In the early days
of software development these processes were
established almost by trial and error and sets of
standards evolved to suit developer understanding
and practice. More recently, organisations like the
International Organisation for Standardisation, the
Software Engineering Institute and different
developer companies have devised standards and
models, which quantify full and comprehensive sets
of processes. The philosophy behind this approach
is that by addressing these comprehensive processes,
supplier organisations will create quality software
products. The International Organisation for
Standardisation (ISO) and the International
Electrotechnical Commission (IEC), have published
ISO/IEC 12207 (1995) relating to software life cycle
processes, the Software Engineering Institute has
developed the Capability Maturity Model (Paulk et
al., 1993b) and ISO/IEC are developing the SPICE
standard (ISO/IEC TR 15504:1998). The discussion
in this chapter will be confined to these three

approaches but the reader should be aware that there
are other solutions, especially in the commercial
sector.

3.2 Procurer’s perspective

In the context of software quality, the Procurer is
obviously interested in knowing that the Producer is
a first-rate organisation, which uses first-rate
processes to create software products that
incorporate all of the most appropriate quality
factors. However, there are also strategic issues,
which the Procurer must address. For example, the
Procurer will be interested to know that there is
alignment between the software product and the
organisation’s business processes. The Procurer will
also be concerned to know that the software product
will be usable, that it contains the highest technical
excellence and that the organisation can afford the
software and secure a return on the investment.
There are also legal consideration relating to the
quality of software which the Procurer must be
satisfied are conformed to by the software.
Competitive advantage or competitive survival is
also a Procurer’s concern. Typically, these are
Strategic Quality Drivers which have been addressed
by Fitzpatrick (2001)

For the purpose of this section the IS
professionals being considered are the technical
professionals of the Acquirer organisation who have
line responsibility for IS. Their role begins with
advise to management regarding the specification,
selection and acquisition processes and would
typically address technical excellence, user
empowerment, corporate alignment and investment
efficiency together with supplier organisation
profile. They have responsibility through to the
retirement of the software at the end of its
operational life.

During the specification, selection and
acquisition processes they will identify the quality
characteristics required of the software product and
will ensure that contract documents address these
issues.

During the operational stage they are
responsible for supporting the users or operators of
the software and for servicing and maintaining the
software during its operational life. As part of their
supporting role these IS Professionals are concerned
with all of the quality factors as outlined in section
3.4. For example, the installability of the software
might be especially of interest to them, or, the
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reliability of the system might seriously impact their
workload. From the time that a new system is
delivered, technical support relies heavily on user
and technical manuals. So, from this IS
professional’s perspective an essential requirement
of a quality software product is a full and
comprehensive set of these.

As part of the servicing role they will be
addressing such quality issues as reinstalling
sections of software where modules become
corrupted and will require systems that support this
type of servicing activity.

And, as part of their maintenance role they are
required to adapt software to suit changes such as
government directives, changing rates like pay
scales, tax rates and similar items. They will be
required to correct any bugs or other errors that
manifest themselves during the life of the product
and they will be required to perfect the software
especially by fine-tuning algorithms to improve their
efficiency and to meet new user requirements. To
assist them in these activities they will be especially
interested to know that good designs, documentation
and best programming practice has been used during
the project phases when the software was being
created.

In addition to supporting other users and
maintaining systems, these professionals are often
themselves the users of products like network
operating systems and management tools, so, they
too will be impacted by quality of use issues. While
for some, the internal quality factors may be their

primary interest they will also be concerned that the
external quality factors fully support users.

33 Product perspective

From this perspective a software product is
considered to be a quality product if it supports a set
of quality factors or product characteristics.
Software quality factors were first defined in the
1970°s by researches like McCall et al, (1977) and
Boéhm, (1978). Their research was later
complemented by standards like IEEE and ISO. More
recently, Fitzpatrick and Higgins (1998) conducted a
methodical analysis and synthesis of three strands -
quality (as explained by McCall et al. and by
Boéhm), statutory obligations, and human-computer
interaction, which influence software quality. This
established a comprehensive set of quality factors,
and those factors that related to users, they called the
attributes of a usable software product. More
recently this set has been extended to show that,
depending on the domain, additional quality factors
will be involved. Figure 2 shows Fitzpatrick and
Higgins original set of CORE QUALITY FACTORS
together with the DOMAIN SPECIFIC QUALITY
FACTORS appropriate to the World Wide Web.
Figure 2 is divided to categorise the quality
factors into External quality factors (those that
significantly impact end users), Internal quality
factors (those of a “technical” nature which are of
specific interest to IS professionals, and a new
category - Strategic quality factors — which are of
special interest to strategic managers and IS

Procurers.  This last category is new in that
EXTERNAL INTERNAL STRATEGIC
QUALITY QUALITY QUALITY
FACTORS FACTORS FACTORS
CORE « Suitability . Interoperability | » Maintainability
QUALITY Installability ~ « Reliability Testability
FACTORS Functionality .+ Safety Flexibility
Adaptability . Security Reusability
Ease-of-use . Correctness Portability
Learnability . Efficiency
DOMAIN- « Visibility . Differentiation
SPECIFIC « Intelligibility
QUALITY - Credibility
FACTORS . Engagibility

Figure 2 — Quality factors
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researchers have not addressed it in the past and is
now the focus of some researchers. The grid also
shows how it is necessary to consider special
domains (in this case the World Wide Web) and
illustrates the additional quality factors required for
this domain. For example, if the domain is mobile
computing or virtual computing then new, as yet
unquantified quality factors might be needed for
those domains. The set of Core quality factors was
identified in relation to traditional data processing
applications. So, it is also necessary to interpret the
Core quality factors for each new domain. For
example, in a traditional data processing
environment, maintenance was concerned with
corrective, adaptive and perfective maintenance.
Maintenance of a Web site is a very different
occupation with content in particular often needing
to be updated daily.

4  Bridging the SE-HCI gap

There are two significant contributions that the
Software Quality Star makes towards bridging the
gap between software engineering and Human-
Computer Interaction.

First, it is quite common that students of the
many disciplines that impact information systems
don’t fully appreciate how the different study
modules fit together. It is not until they experience a
project in action that their understanding and
appreciation is completed. Using quality as a
common strand and an international standard of life
cycle processes the Software Quality Star becomes a
tool which helps to overcome this difficulty.

Second, the Software Quality Star creates an
awareness and understanding of the contribution that
can be made by other disciplines. Consequently, it
becomes appropriate for informed students of one
discipline to question if practice in the other
discipline might be appropriate for use in theirs. A
typical questioning might refer to quality metrics
which are well understood in the software
engineering discipline, but they are not researched or
studied to the same extent in the HCI domain. This
is significant because HCI for E-Commerce is
becoming a major consideration for Web site owners
who are looking for quality Web sites to secure
competitive advantage.

5 Conclusion

The Software Quality Star was originally developed
for teaching software quality topics It has been
successfully used at undergraduate level with
computer science and business studies students in
their software engineering, project management and
HCI modules. It can also be successfully used as a
framework for teaching other modules which
address legal and contracting issues, and similar IT
management topics. At postgraduate level during
Information Technology and Strategic Management
seminars an enhanced version of the model,
Software  Quality — Strategic Driver Model
(SO_SDM), is used. This extended version of the
Software Quality Star focuses further on the
competitive advantage perspectives of the Acquirer
and the Supplier. Both models could be easily
interpreted for new domains like the WWW and new
and evolving technologies like mobile solutions.
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Abstract: This position paper states the point of view of the authors about the problems and some possible
solutions about integrating and making effective the work of Software Engineers and HCI professionals. These
two groups of people use quite different jargon and tools to build User Interfaces. Try to bridging the gap and
improve the communication between these two groups is essential to obtain better products in terms of efficiency

(SE) and usability (HCI).
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1 Introduction

It is quite clear that the development of good
systems requires the collaboration of different
professionals: software engineers and programmers
(SE) from one side and HCI professionals (including
interaction designers, usability experts, graphic
designers, user experience experts, etc.) from the
other side are obliged to reach and agreement to
satisfy the user.

Different groups of people use different jargon,
methods, a