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Abstract 
In this paper we describe leE, an object-oriented, Web-enabled toolkit for support
ing the collaborative activity of IS development. This toolkit is intended to promote 
the involvement of users without programming knowledge. Three types of objects 
are provided by the toolkit as basic building blocks in order to support this activ
ity. Information Objects improve the understandability of the Web documents by 
introducing meta-data. Collaboration Objects provide active support for collabora
tion in form of workspaces, awareness and discussion lists. User Interface Objects 
provide methods for visualizing the other objects in different ways according to the 
context of use. These building blocks can be manipulated directly by the end users 
for tailoring an initial prototype of the IS, and be used as a supportingenvironment 
for the process of tailoring. This paper describes the system itself and how the toolkit 
can be used in user-centered IS development. 
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INTRODUCTION 

It is widely recognized that user involvement is an important aspect of IS devel
opment (Keil and Carmel 1995, Greenbaum and Kyng 1991, Kendall and Kendall 
1988). It is also a well-known fact that there are many different user groups in an IS 
organization, which makes the task of involving users in IS development intricate. 
The problem is partly due to the fact that the various involved user groups have con
flicting mental models, expectations, and experiences (WastellI993). The process of 
IS development is to a large extent that of resolving these conflicts and reaching to 
an agreement about what the IS will be. The larger the number and the variety of the 
users affected by the IS, the more difficult it is to reach to this agreement. 

User involvement can be realized in different ways in an IS organization. In its 
simplest form a few user groups, such as the management and the development team, 
will take most of the decisions related to IS development. This is however not real
istic in many knowledge-intensive organizations, where the expertise is distributed 
among all the workers (Drucker 1988). Another approach is to consult the different 
user groups or their representatives, and to take their points of view into consider
ation when making IS-related decisions. This consultation is normally realized by 
interviews and surveys of the users' desires (Kendall and Kendall 1988). A more 
active user involvement is when all affected user groups, or their representatives, 
participate in the IS development. Prototypes are frequently used in the latter case to 
provide early feedback to the design of the IS. Prototypes are often in form of user 
interface mock-ups. They are used because they are easy to understand for most of 
the user groups, and because they uncover requirements that may not surface outside 
their related work context (Ehn and K yng 1991). A step further is radical tailorability, 
where the users are in charge of building their own prototypes using simple building 
blocks (Malone, Lai and Fry 1995). 

We see a potential in using the Web as an environment for promoting user in
volvement. The Web as a multi-user interface to a large amount of information has 
become popular in the last years. This popularity is due to the underlying prereq
uisites of simplicity and accessibility that have been with us since the first days of 
the Web (Berners-Lee et al. 1994). Lately, the Web has also been used to develop 
more interactive applications with information processing capabilities. In this paper 
we show how the Web can also be used for encouraging user involvement. This is be
cause of two reasons. First, the Web provides a user interface that is comprehendible 
for most of the user groups involved in a typical IS development process. Second, 
the underlying communication infrastructure is so well-established that collabora
tion among the various user groups in the development process becomes feasible. 

In this paper we describe a system for supporting collaborative IS development 
using tailorability. The system is called ICE (Internet Collaboration Environment) 
and is based on Web technology. ICE consists of a set of building blocks that can be 
manipulated directly by the users with little or no programming knowledge. These 
building blocks are used for tailoring Web applications with different functionali-
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ties. ICE is in this way intended as a simple application development environment. 
The applications that are tailored using ICE are distributed Web-based groupware 
applications (Ellis, Gibbs and Rein 1991) with focus on information sharing. 

In addition to being used for building Web applications, ICE also supports the 
development process by providing support for collaboration among different user 
groups and capturing the design rationale. A group of users can use ICE to tailor 
their initial prototypes collaboratively. These prototypes can then be used as such, as 
input to the development process, or they can be refined for further use. Usability of 
prototypes built using ICE is dependent on the background knowledge of the users 
involved in the development process and the complexity of the intended application. 

The rest of this paper is organized as folIows. In section 2 we will introduce the 
main ICE building blocks used for tailoring Web applications. In section 3 we discuss 
how these building blocks can be used for both building collaborative Web applica
tions and supporting the development process. An example is provided in section 
3.3. Section 4 gives an overview of the ICE architecture. In sec ti on 5 we present 
some related research. aur conclusions and future work are presented in section 6. 

2 lCE BUlLDlNG BLOCKS 

The building blocks are the main elements in ICE. All ICE applications are built as 
a composition of these elements. During the design of the building blocks we have 
taken into consideration two important criteria. First, the building blocks should be 
user-friendly in such a way that users without much programming knowledge will 
be able to use them for tailoring their own applications. Second, the building blocks 
should have enough functionality so that their composition will result in the de
sired applications. The first criteria is met by the fact that the building blocks are 
Web-enabled and provide an easy user interface to the users. The second criteria is 
met by taking into consideration other experiences in the field of radical tailorabil
ity (Malone et al. 1995) and groupware modeling (Ellis and Wainer 1994). The build
ing blocks are Information Objects, Collaboration Objects, and User Interface 
Objects. Information objects are used to build data models for the applications. Col
laboration objects provide basic support for collaboration and coordination. User 
interface objects provide user interaction mechanisms to other objects. Information 
and collaboration objects are accessed through the user interface objects, which are 
mainly implemented for Web-based access. In this section we will take a closer look 
at these building blocks. For more details on the building blocks see (Farshchian and 
Divitini 1997). 

2.1 Information objects 

It is highly recognized that information understandability is important for collab
orative work settings where the members of the group are distributed in space or 
time (Schmidt and Bannon 1992). Understanding information is not only depen-
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Figure 1 Information objects in use. Each information object provides a user inter
face to a group of users (to the left). This interface supports collaboration among 
the group members with the aim of changing the information object. Collaboration 
here is supported using email lists. The c10sed part of the object (to the right) pro
vides different views of the updated information content in order to support different 
understandings. 

dent on the information itself, but also on the context within which that informa
tion was created, such as the problem solving strategies of the creator, the decisions 
made while creating the information, and the identity of the creator. ICE attempts to 
support information understandability for the users of a distributed application. Our 
approach to increase understandability is based on providing support for what Ban
non and B!/ldker (1997) call closure and malleability of information spaces. Closure 
refers to the way information is packaged for an audience. A c10sed piece of in
formation provides, and even enforces, an interpretation to its user. Malleability, on 
the other hand, is concemed with changes, different understandings, argumentation, 
and knowledge creation. The Web with its support for packaging of information into 
"files" does not support the malleability of the information. In addition, even though 
the information on the Web is packaged to some degree, this packaging is often not 
suited for propagating the intended meaning of the information (Dix 1997). 

The main building block for information sharing and supporting understandability 
in ICE is the Information Object. An information object is used to store information 
in an ICE application, and consists of an Information Content File (lCF) and its 
attached meta-data. ICF is the actual information content. It is uploaded by the 
user as a file and is stored in ICE in its native file format. The meta-data is added 
to the ICF by the user to provide ICE with extra information about the ICF. This 
extra information inc1udes bibliographical data, keywords, different summaries of 
the content, access rights, and type-specific data. Each information object can also 
be subject to cooperation. For supporting cooperation connected to an object two 
mailing lists are attached to the object. These mailing lists are explained in detail in 
section 2.2. 
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Information objects can be presented to an audience in different ways. The objects 
use their meta-data to provide several possible views of themselves, each view sup
porting some specific understanding for an audience. This property of "packaging" 
information for different audience corresponds to the closure property noticed by 
Bannon and B\?ldker (ibid.). 

Information objects are also open for changes in the sense that once they are cre
ated and inserted into an ICE application, they can be changed by a group of users 
during a collaborative process. An information object can be accessed by authorized 
users who want to consume, edit, comment, or discuss the object. The contents of an 
information object can be accessed (and consumed) through its user interface object 
(see section 2.3 for adescription of user interface objects). Editing of the content 
is done by the user's desktop applications, such as a diagram editor or a word pro
cessor. Commenting is done by creating new fields in the meta-data schema for the 
object type. Discussions are realized by the mailing lists connected to each object. 
Figure 1 shows an information object in use. 

The basic information object can be specialized in an object-oriented fashion. 
This specialization will result in a set of information object types that will constitute 
the data model of the applications built using ICE. 

2.2 Collaboration objects 

For complicated work settings, involving several people and a large amount of in
formation, there is a need for active collaboration support. We borrow a definition of 
active support from Bogia et al. (1996): "active [support} means that the environ
ment can have some knowledge %ngoing collaboration and can use that knowledge 
to assist users in various ways." Though the Web can handle information sharing in 
an acceptable way, it does not actively support collaboration (Dix 1997). For this 
purpose, we provide Collaboration Objects as building blocks for incorporating 
collaboration mechanisms in applications built using ICE. These objects are users, 
groups, object awareness lists, object discussion lists, and sbared workspaces. 

The basic collaboration objects are user and group objects. Each user of the system 
is registered with information about herself including biographical information, user 
preferences, group membership, and other temporal information such as where the 
user is at each time and when she was logged in last time. The group object is used 
in combination with the user object to connect several users in the context of a task 
or a practice. 

Communication among the users is supported by object discussion lists. Each in
formation object has a discussion list attached to it. Messages to this discussion list 
are sent by the users of the object through their email client, and are received by 
other users subscribing to the list in form of normal email messages. 

Awareness is an important factor in increasing the performance of group mem
bers (Gutwin and Greenberg 1998 (in press)). ICE supports awareness of changes 
done to information objects. Awareness in ICE is realized by attaching an awareness 
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email list to each information object. The users of an information object can sub
scribe to its awareness list and receive various messages connected to that object. 
Messages to the awareness list are sent by the object itself. These messages are nor
mally notifications of the changes done to the object, with information about the type 
of the changes, the user responsible for the changes, the time the changes were done, 
etc. 

Another important step in providing active support for cooperation is to provide 
the users with a place to work. Shared workspaces are used by various groupware 
applications in order to provide a place for cooperation (SpeIlman, Moiser, Deus and 
Carlson 1997). In a shared workspace the users can coordinate their activities, be 
aware of what others are doing, and access relevant information easily. ICE shared 
workspace objects are used as interfaces to tasks, where the interface provides easy 
access to the information needed to fulfill the task, and access to the other users in
volved in the task. A shared workspace object can contain several user and group 
objects. A shared workspace provides in addition easy methods for inserting infor
mation objects and other workspaces, and methods for manipulating these objects 
in various ways. Workspaces can be used as building blocks in simple process mod
els for ICE applications. However, more sophisticated coordination mechanisms for 
connecting shared workspaces are absent in the current version of ICE. 

2.3 User interface objects 

User interface objects are used by other ICE objects for visualization and user in
teraction purposes. Objects in an ICE application have one or more user interface 
objects. Each user interface object implements an interface towards a specific envi
ronment. In the case of the Web environment, user interface objects are responsible 
for generating HTML translations of other objects. These translations contain both 
visualizations of the object meta-data, and interaction mechanisms such as buttons 
and forms for changing the meta-data. User interface objects cannot exist as stand
alone objects, but they must be connected to already existing objects. In this way it 
is possible to have different user interfaces connected to the same ICE application. 

User interface objects have one other important role, that of providing support 
for dialogue with the users. One main problem with Web-based application devel
opment is that the Web is stateless. This means that the Web server cannot know 
wh at the clients are doing, and therefore cannot control the dialogue with the users. 
ICE provides standard objects for constructing simple user interface dialogues for 
the applications built using ICE. These objects implement an HTML frame-based 
user interface where the different frames provide various standard functions to the 
users. This frame is shown in figure 2. For details on dialogue handling in ICE 
see (Damskog 1997). 
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3 ICE FUNCTIONALITY 

In this section we will explain how ICE can be used for collaborative application 
development. The basic idea is that the users will use ICE building blocks in com
bination with concepts from their work domain to tailor the desired applications. In 
doing so, they will probably need to combine their expertise from different domains. 
The collaboration support provided in ICE will connect users with different expertise 
and help them build the application. ICE will also capture the design rationale and 
the history behind the development process. This history can be used as input to a 
further process of refining the application. At the end of this section we provide an 
example that illustrates this process. 

3.1 Tailorability in leE 

The main user interface to ICE is towards the Web. Tailoring applications in ICE 
starts normally by a user creating a shared workspace. A newly created workspace is 
a blank Web page with a simple user interface including a frame with some default 
buttons for generic functions such as login, horne, and search. The user then inserts 
some user objects into the workspace. This is done by giving these users access to 
the workspace. The group of users can then start building their Web-based applica
tion in this workspace. All the authorized users can insert building blocks into the 
workspace. The first building block they will insert is normally an information ob
ject. This object is used as a design document for the application (See section 3.2). 
At the same time the users can subscribe to the discussion list of the object and use 
it as a communication medium. 

Each application domain will have a set of specialized information object types. 
These object types are available to the users through a list box in every shared 
workspace. The users can create and manipulate instances of these object types us
ing HTML-based forms. Information objects can also be put together using inter
object communication to build composite information objects (See section 4.2). One 
such object type implemented in the current version of ICE is the COURSE object 
that consists of several MODULE objects, several EXERCISE objects, and one EXAM 
object (Sivesind and Grimstad 1997). Figure 2 shows a shared workspace with its 
Web-based user interface. 

Collaboration and information objects can be used in this way to build larger dis
tributed applications. Workspaces can be used to build simple process models in 
form of (currently) disconnected workspaces, and information objects can be used to 
build the data model of the applications. 
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Figure 2 A Web-based interface to a workspace. The white area in the middle is 
used to insert objects. The frame around the white area provides some generic func
tions that are available in all the workspaces. A list of available object types is ac
cessible in every workspace. 

3.2 Support for development process 

leE promotes an iterative design methodology where the users and their applications 
are in constant contact, and where the users actually use the applications while they 
are building them. We can think of two modes in an leE application; use mode 
and development mode. The use mode is when the users are using the application 
for its intended purpose. Development mode is when the users, confronted with a 
breakdown in their work, start to refine the application. Unlike what is common for 
most development environments, there is no visible distinction between these two 
modes in leE. lnstead, we provide support for cooperation and capturing design 
rationale. In this way not only the prototype itself, but also the history behind its 
development can be stored and analyzed in further development. 

We believe that leE can be used to support such a process of iterative system de
velopment. Many studies point to the fact that system development is a collaborative 
and knowledge-intensive process, where the necessary knowledge has to be acquired 
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from domain experts during a collaborative process (Walz, Elam and Curtis 1993, 
Marmolin, Sundblad and Pehrson 1991, Curtis, Krasner and Iscoe 1988). There 
are also numerous studies of the process of tailoring that point at the same direc
tion (Trigg and B!1Idker 1994, Mackay 1990). ICE supports this process by providing 
a medium for different users to meet and cooperate, and by capturing the design 
rationale during this process. 

The fact that ICE is based on email and WWW makes it more accessible to most 
of the users, which we believe is important for promoting user involvement. Coop
eration and information-sharing mechanisms in ICE can also be used to support the 
development process. As an example consider the object discussion lists. Several 
properties of these lists make them suited for the development process. First, it is 
an easy task to subscribe and unsubscribe from these lists. This makes it feasible 
for extemal domain experts to subscribe to a list, give their contribution, and unsub
scribe. In this way the development group can have undisrupted access to experts of 
different kinds, provided that the experts are available by email and are willing to 
contribute. 

Second, each object keeps an archive of the messages sent to its lists. This archive 
is always accessible through the object's Web interface. In this way, not only the 
discussions among the more permanent team members are stored, but also contri
butions from temporary expert members are registered and kept for later references. 
Overlooking past discussions in development teams is a problem that is pointed out 
by both Curtis et al. (ibid.), and Potts and Catledge (1996). 

Third, all the messages are stored connected to their information object and the 
workspace the information object resides in. This provide a context for the discus
sions and makes it easier to understand the discussions in a later point of time. It 
also makes it possible to use the contributions to the discussion list in refining the 
information object into a design document for the application. 

There are numerous other possibilities for using ICE to support the development 
process. But the main points are that ICE: 1) makes it easier to bring together experts 
from different domains, 2) provides the development process with input in form of a 
prototype and its design rationale, 3) imposes not a process but a set of tools for both 
developing applications and supporting the process of developing them. 

3.3 An example of using leE 

We will now consider a simple scenario where two teachers develop a Web-based 
application for supporting the creation of new courses. The teachers start by cre
ating a simple prototype of their course application. They start by creating a main 
workspace. This workspace will contain their final prototype and arecord of the 
process of building the prototype. For recording, and later documenting the process, 
they create a new information object of type DOCUMENT and insert it in the main 
workspace. This document opens for email communication between the teachers. 
They continue to create new workspaces for the various tasks they believe they will 



An object oriented toolkit for tai/oring collaborative web applications 79 

perform when creating the course. For each workspace they also create a Docu
MENT that will register the discussions in that workspace. Workspaces and informa
tion objects are created by choosing the proper object from an HTML list, and filling 
the necessary information in an HTML form. They choose to have workspaces for 
creating syllabus, exercises, and exam. They decide to dose the exam workspace. 
They do this by setting proper access rights for the exam workspace using an HTML 
form. They start then to create information objects in the syllabus workspace. During 
the process, they use the emaillists in each workspace to discuss different aspect of 
the course application. 

At one point, the teachers find out that they need some mechanism for registering 
and contacting the students. Since they don't know how to do this using ICE, they 
decide to find an expert to ask. They search among the user objects to find somebody 
from the ICE development team who is available at that time. They find adeveloper 
and invite her to join them in their workspace. The developer subscribes to the discus
sion list for the course application and starts receiving questions from the teachers. 
The developer suggests that they could make an information object with some in
formation about the course, and then subscribe all the students to this object. In this 
way they can both provide updated course information to the students, and contact 
the students by sending email messagestothisobject.sdiscussion list. The teachers 
do as the developer suggests. When the teachers are finished with their application, 
they start using it for creating a new course. Using the application results in new 
changes that are again done by the teachers in collaboration with the developers, and 
possibly so me students. 

ICE provides in this way a true prototype of the application and the reasoning be
hind it. The application itself can be improved and used as the final application. The 
developers can also read and analyze the discussions between the two teachers, and 
investigate the changes done to the application during the development. One possi
bility for improvement that the developer in this scenario notices is the need for a 
COURSE object that the teachers can use to register students. The developer imple
ments this object by specializing another more general object, and provides it for 
future use in the ICE environment. Following this process, the resulting application 
will hopefully not be a surprise to any of the users. 

4 ICE ARCHITECTURE 

ICE implementation details are explained in (Olsrllid and lsaksen 1996). In this sec
tion we present the main features of the ICE objects and system architecture. All 
the building blocks in ICE are implemented as objects in an object-oriented man
ner. First we will describe how these objects are implemented and used as building 
blocks in ICE applications. Then we will explain inter-object communication that is 
the basic mechanism for building composite objects. At the end of this section we 
will explain briefly some generic features of the architecture, such as access control 
mechanisms and email services. 
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4.1 ICE objects 

All the objects in ICE, except for the user interface objects, are implemented in a 
similar way, and are here called ICE objects. Each ICE object is stored as an Object 
Description File (ODF), together with apointer to the location of an Information 
Content File (ICF). ODF contains all the semantic information about the ICE object, 
including meta-data and access rights. The ICF is a file uploaded by the user, and is 
stored in its native format. ICF can possibly be located outside the ICE database, but 
it has to be available to ICE through a standard protocol, such as HTTP. 

ODF is a text file in form of an SGMLfXML document type description (DTD) 
and provides a uniform representation of all ICE object types in the system. ODFs 
consist of two groups of attributes: 

• Primary attributes: These are the meta-data for the ICE object type. Meta-data 
give additional information about the ICF stored in the database. In the current 
implementation meta-data consists of title, abstract, author name, location, and 
date of creation. 

• Secondary attributes: These attributes are normally used by the system for manip
ulating the ICE objects. Attributes here are access right scheme, email notification 
and discussion subscribers, keywords, and language specifications. 

ICE objects are created and manipulated directly by the users of the system. Assis
tance for this manipulation is given by Object Manipulation Agents (OMAs). Each 
OMA has full knowledge of an ICE object type and all the valid operations on that 
type. OMAs are implemented as object--oriented classes with inheritance. Different 
views to ICE objects are implemented as methods in OMAs. For each method in an 
OMA a user interface object (UIO) is implemented that handles the communication 
between the OMA and a specific protocol (See figure 3). The only protocol imple
mented in the current version of ICE is CGI (Common Gateway Interface) for Web 
server communication. 

HTTP requests from a Web server are sent to a proper OMA through its VIO. The 
job of an OMA is to receive requests from the Web server and return HTML code 
containing the result of the requests. An HTTP call to an OMA contains the name of 
an ODF, and a list of operations to be executed on the ODF and its related ICF. By 
delegating the interpretation and HTML generation from the Web server to VIOs and 
DMAs we open for ftexibility and the possibility of implementing unlimited object 
types in the system without recompiling the server pro gram for each new ICE object 
type. 

Each view to an ICE object is implemented as a method. An HTTP request to the 
OMA contains a parameter to let the OMA know which method is to be executed. 
The generic methods implemented for OMAs are: 

• Viewing methods: These methods are used for visualizing various parts of the 
ICE objects. Some of the methods implemented in the base OMA are: NOR-
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Figure 3 Object Manipulation Agents (OMA) are used to interact with the objects 
in the database. User Interface Objects (UIO) are responsible for translating from 
network protocols to the internal language understood by the OMA. Various UIOs 
can be connected to an OMA to let the OMA communicate with the users via other 
interfaces than the Web. 

MAL (shows some important meta-data with an icon for downloading the ICF), 
THUMBNAIL (shows a small version of an image), SUMMARY (shows brief 
information about the object, such as name, type and owner), and INFO (shows 
all the meta-data, plus discussion and awareness lists) . 

• Editing methods: An OMA can receive data from the user, and can use that data 
to update an existing ICE object. An editing method will present the user with an 
HTML form where the user can change the meta-data and submit the changes to 
the OMA, possibly with a newer version of the ICF. The OMA will then update 
the current ODF and ICF (lCE does not currently support version control). 

Figure 3 shows an overview of how ICE objects are manipulated by the users. The 
users will interact with the OMA through an HTML page that is generated by a UIO 
and sent to them by the Web server. This page pro vi des a view of an ICE object and a 
set of HTML interaction elements in order to let the user manipulate the object. The 
Web server transmits all the user requests back to the UIO through a CGI interface. 
The gray area in figure 3 indicates that new UIOs can be implemented in order to 
interact with other environments than the Web. An example that is implemented 
partly in the current version of ICE is an email interface where the users can interact 
with the objects through an email server. Object discussion lists use this interface for 
communicating with the users. 



82 

& () 

Part Il Cooperative Working 

~ 
CD 
U) 

.c 
CD 
~ 

:u 
Figure 4 Communication among objects is done through the user interface objects. 
The parent object plays the role of a server when communicating with child objects. 
The final output is sent to the user through the actual server. 

4.2 Inter-object communication 

Figure 3 shows the simplest case where each OMA is responsible for one ICE object 
in the database. For composite ICE objects, such as shared workspaces consisting 
of several information objects, the OMAs will have to communicate with each other 
in order to generate an integral presentation to the users. For this we have chosen a 
simple hierarchical structure, letting the parent OMA (such as the workspace OMA) 
interact with the child OMAs to generate the final output to the server. This is shown 
in figure 4. In this figure, OMAI can re quest an HTML presentation from OMA2-4. 
These presentations are then composed by OMAI to a final HTML page and se nt to 
the server. 

The advantage of this communication scheme is its simplicity in that OMAI does 
not need to know anything about the internallogics of the other OMAs. OMAI re
ceives one HTML file from each of the OMA2-4, and generates a result by append
ing these files without analyzing their content. A specialized inter-object commu
nication language will obviously provide us with more ftexibility. This is a planned 
extension to a new version of ICE. 

4.3 Access control in ICE 

Access control in ICE is at method level, meaning that the users can put access 
restrictions for different methods in an OMA. As an example, a user can decide to 
give some users access to the SUMMARY method of an object. This is how users can 
construct different views of their objects (Figure 1). For instance, the users can decide 
to hide the details of a DOCUMENT object while they are writing the document by 
removing the NORMAL and INFO methods from the object's access list. They can 
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still provide a SUMMARY method that shows the abstract, the deadline, and the 
status of the document. 

4.4 Email interface to leE 

As mentioned before, the Web interface is the only interface fully implemented so 
far. There is however work in progress for connecting ICE to an email interface. 
The first result of this effort is the discussion lists (Asbj0rnsen and Ellingsen 1997). 
The email interface is implemented in conjunction with a standard email list server 
software. Each object receives its own email account on an email server. Adiscussion 
list for the object is also created on the list server. The object subscribes to its own 
discussion list in order to receive the messages sent by the users. The Reply-To 
field in all the messages are set to the email address of the discussion list, so that a 
copy of the messages is always received by the object and archived for Web-based 
presentation and other use. 

5 RELATED RESEARCH 

The building blocks in ICE correspond to the three complementary components of 
the groupware model discussed by Ellis and Wainer (1994). These components are 
ontological model (corresponding to our information objects), coordination model 
(corresponding to oUf collaboration objects), and user interface model (correspond
ing to OUf user interface objects). According to Ellis and Wainer most of the avail
able groupware applications consist more or less of these three sub-models. These 
sub-models are also visible in systems for radical tailorability such as Oval (Malone 
et al. 1995) and Information Lens (Malone, Grant, Lai, Rao and Rosenblitt 1989). In
formation Lens is a system for tailoring message-based applications. OVAL is an ex
tension to Information Lens, and consists of building blocks (called Objects, Views, 
Agents, and Links) similar to ICE, but with the exception of agents. The most im
portant difference between ICE and Oval is that Oval does not support the process of 
building applications. Applications in Oval are built off-line without much support 
from the system. 

An example of a system supporting the collaborative process of custornizing it
self is mentioned by Wulf (1995). In this system, a meta-function for negotiation 
is provided in form of a voting mechanism. Whenever a user wishes to change the 
application in some way, other users are confronted with a voting tool where they 
can choose to accept or reject the change. The limitation of the system is that it only 
permits a predefined set of changes to an application (application preferences). How
ever, it is evident that ICE could enjoy such a negotiation functionality for supporting 
the application development process. 

ICE as a Web-based system is similar to BSCW (Bentley et al. 1997). BSCW is 
a shared workspace system that provides a small group of people with mechanisms 
for sharing and co-authoring of documents (Horstmann and Bentley 1997). Aware-
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ness events are an important part of this process. BSCW provides only a limited set 
of objects related to the co-authoring domain, which are documents and email mes
sages. This makes BSCW best suited for co-authoring, but does not support system 
development processes. 

6 CONCLUSIONS AND FURTHER WORK 

There are three characteristics of ICE that we believe are important to highlight. 
First, ICE provides the users with a continuous prototyping environment with support 
for the process of prototyping. This results in prototypes that are somehow self
contained, in that they also contain information about the process of prototyping. 
This information can be used as input to further development. 

Second, ICE provides a medium where different users can cooperate during the de
velopment process. System development teams are highly dynamic, with new mem
bers arriving and old members leaving the project all the time. Easy, light-weight 
communication among the members is crucial. 

A third point, and maybe the most important one, is that these prototypes are 
developed directIy in the work context. The users build the prototypes while they are 
working with them. The prototypes include features from the actual work context 
that are found to be important. Later on, the users build improved prototypes that are 
again placed in the work context and used. This makes it possible to continuously 
refine the system while solving real world problems. 

The relevance of these three points is confirmed by our experience in the devel
opment of ICE itself. ICE was implemented in the context of an EU project called 
AQUARIUS (AQUARIUS Consortium 1998). The system itself is the result of a 
collaborative effort among a large group of users distributed among three European 
countries. The process of developing ICE was two-folded. The developers were 
mostly specializing the existing building blocks. These building blocks were then 
used and tested by other users in their own work context. At the beginning, ICE 
was not used for supporting the development process. This need evolved later in the 
project when we became aware of the mediating effect of the prototypes, and we saw 
the need for storing an archive of the development process within the prototypes. 

Extensions to ICE are foreseen in three directions. First, we want to improve the 
existing building blocks. We need to include more advanced coordination mech
anisms in order to be able to create applications with more sophisticated process 
models. We also need mechanisms for allowing the creation of new objects without 
the need for programming the system. 

Second, it is also desirable to improve the existing support for development pro
cesses. Tailorability is not scalable. With larger applications we will have to incorpo
rate other methods for user involvement, such as collaborative conceptual modeling 
and enterprise modeling methods. This will again require change management. 

Third, we want to fully exploit the possibilities offered by collaboration technolo
gi es to bring different user groups together. This will result in extensions to the co-
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operation support currently implemented in ICE in order to inc1ude mechanisms for 
decision-making, synchronous cooperation, and video and audio support. 
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