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Abstract 
Multimedia Broker is a web based application for searching, retrieving and 
publishing information from multiple, multimedia databases on the World 
Wide Web. We adopted a user centred approach (Hix and Hartson, 1993) 
which involved iterative cycles of prototyping and evaluation (Bevan, 1996). 
Concept demonstrators and prototypes were used to capture requirements as 
weil as interviews and questionnaires. This paper reports our experience of 
requirements gathering, design and evaluation activities on the project. 
Lessons learned and re-usable requirements for web based applications are 
reported. 
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1 INTRODUCTION 

Traditional development methods (e.g. Coad and Yourdon, 1991; Booch, 1994) 
pose problems for design of web based applications because they don't account for 
hypertext based interaction. Furthermore web applications are information 
intensive, and data modelling techniques do not facilitate analysis of information 
with a categorical structure. Although methods for hypertext design have been 
proposed (Hypertext '89 ACM special issue) which extend data modelling concepts 
with hierarchies and classes; these have not addressed many of the problems of 
interactivity in the Web. Web applications are acquiring more functionality with the 
growth of Java, thus enabling trans action processing, where development methods 
may be more applicable. Unfortunately complete specification and design is a time 
consuming activity that does not suit web applications which often have to be 
developed rapidly. Some means of integrating prototyping and rapid application 
development approaches (e.g. DSDM) into web design is required. In this paper we 
report a user-centred design method that builds on our previous work in scenario 
based requirements analysis (Sutcliffe 1995, 1997). 

User interface design is a critical component for Web applications. Unusable 
interfaces will not compete effectively. However, there is little understanding about 
user-interaction problems on the web. Another motivation for our work is to 
integrate usability and HCI (human computer interaction) design advice into the 
development process for Web applications. Many web applications face similar 
problems, such as information retrieval, browsing, navigation, and transactions 
such as sales order processing and registering customers. This suggests that design 
experience could be profitably reused between applications, if templates or reusable 
components could be created. In our previous work (Sutcliffe and Maiden 1994, 
1998) we have investigated reusable models of generic applications such as 
10anJhiring systems, inventory control and logistics. In this paper we report our 
experience in developing a web based application in the Multimedia Broker project, 
and the reusable templates that we have created by extracting generalisable design 
knowledge from that experience. 

Following this introduction, section 2 gives an overview of the Multimedia 
Broker system and section 3 describes the user centred design method. Section 4 
describes requirements, functionality and evaluation of an early concept 
demonstrator for the core application. The project is committed to developing three 
specialised applications for the three user partners in transport, entertainment and 
education. In section 5 we describe these specialised concept demonstrators for 
information retrleval in the domain of transport and planning, multimedia 
entertainment, and a teaching support too1. In section 6 we look at how further 
requirements were captured using web based questionnaires. In section 7 we 
summarise re-usable requirements for multimedia web based applications, and in 
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section 8 we suggest templates for re-usable web designs. The final section is a 
discussion including abrief conclusion. 

2. MULTIMEDIA BROKER PROJECT 

The Multimedia Broker system supports searching and retrieving information over 
the Internet from multiple, multimedia, databases. It also supports users in creating 
multimedia documents and applications, and enables publishers to provide raw data 
to the Broker and charge users to access it. Tbe three user partners provide domain 
expertise and data sources in the fields of transport and planning, publishing 
educational material and entertainment. 

Figure 1 is an overview of the Multimedia Broker Architecture. End-users [left] 
at horne or at work connect to the Internet and use the Broker software to access 
information from web server databases [right]. Technical users at the publisher's 
site: authors, editors and administrators [top] distribute and seIl the information 
contained in the databases as weIl as create new services and products. The role of 
the Broker [centre] is to act as an interface between the end users and the data 
sources by identifying, packaging and delivering on-line information and products. 
The Broker will also act as an interface for the publishers in order to design, 
configure and maintain on-line services and products. 

End users
Search Iretrieve 
information. 

Publisher Users - Create, distribute and se)) info. 

Author Editor Administrator 
Data 
sources 

t t t 
Broker software 
connects users to 
multiple, multimedia. 
databases. 
Helps, supports and 
advises users. 

EJ 
c.g. Transport 

· · EJ 
c.g. Education 

EJ 
c.g. Compuling 

Figure 1. Overview of the Multimedia Broker architecture. 
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3. USER CENTRED DESIGN METHOD 

We adopted a user centred approach in designing Multimedia Broker and recognise 
the iterative natures of design and evaluation (Bevan, 1996). The design process 
involved iterative cycles of prototyping and evaluation as proposed by the Star 
Model (Hix and Hartson, 1993). 

Initial requirements are captured and analysed. Follow up questions elaborating 
the requirements help the designer to understand the stated requirements in more 
detail and to identify dependencies. Following user centred design an early 
prototype of the system is developed. Iterative evaluation of a functional prototype 
leads to the final design, see Figure 2. 

Initial . Develop . 
requirements ---tiearly concept : 
capture !demostrator 

Method stages 
: ....... : described 

Follow up 
sessions 

1 
"~p~~'&""; :Appiy'i~ii~~~p'j ....................... .. 

categorise i----.iquestions and ~ Develop early 
requirements . !generic :: prototype 

:requirements . ! 

... 
Priotitise and 
refine 
requirements 

I JJ 
Implement Evaluate Develop 
accepted ~ usability ~ functional 

design prototype 

Figure 2. Requirements capture method showing major activities. 

The method is based on four techniques for requirements capture and validation: 
• Use of prototypes or concept demonstrators: a key concept is providing a 

designed artefact which users can react to. 
• Scenarios: the designed artefact is situated in a context of use, thereby helping 

users relate the design to their work/task context. 
• Design rationale: the designer's reasoning is deliberately exposed to the user to 

encourage user participation in the decision process. The QOC (Questions, 
Options, Criteria) notation (Maclean, Young, Bellotti & Moran, 1991) is used 
to illustrate the various trade-offs; see Figure 3. 
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• Whiteboard summary: the designer' s requirements are summarised on a 
whiteboard to identify dependencies and priorities. 

Q: How to navigate 
the infonnation 
space? 

0: 20 Navigator showing 
entities and relations. 

0: 20 Categoryrropic 
expansion - displays topics 
associated witb categories. 

0: 30 I VR Navigator. 

0: List of tables as in Access. 

C: Shows how key irems in 
I----~Itbe underlying database(s) 

are relared. 

C: Can handle a large 

amount of information . 

C: Expands categories 
giving associared topics. 

C: Seen as stare of tbe Art. 

Design Rationale for Navigating The Information Space 
Q: for Question, 0: for Option and C: for Crireria. 

Figure 3. Design rationale for navigating the information space. 

The techniques are combined with process guidance for the requirements analyst. 
The method is composed of advice on setting up sessions, use of the above 
techniques and more detailed guidance on fact acquisition and requirements 
validation strategies. The method consists of the following phases: 

1. Initial requirements capture and domain familiarisation. This is conducted with 
conventional interviewing and fact finding to gain sufficient information to 
develop a first concept demonstrator. In this study we relied on our previous 
experience on information retrieval research for definition of the preliminary 
requirements. 

2. Specification and development of the concept demonstrator. The concept 
demonstrator has limited functionality and interactivity, so it can only be run as 
a 'script' to illustrate a typical task undertaken by the user. Scripts illustrate a 
scenario of typical user actions with effects mimicked by the designer. 

3. Requirements analysis-validation session. The users are invited to critique the 
concept demonstrator and interview the designer. The session is recorded for 
subsequent analysis. 

4. Session analysis. Data collected during the analysis session is analysed and 
conclusions reported back to the users. This frequently leads to a further 
iteration of revising the concept demonstrator and further analysis. 

The end point of the method deli vers a requirements specification comprising the 
concept demonstrator, a set of analysed design rationale diagrams expressing users' 
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preferences for different design options. and specification as text. graphics or more 
formal notations depending on the requirements analyst's choice. 

A feasibility study guided the design of the early concept demonstrator which 
illustrated different user interface designs and ways of performing a task. Our aim 
was to enable users to actively participate in identifying the requirements of the 
Multimedia Broker system. We offered alternative ways for performing a task and 
used the concept demonstrator to present these choices. This enabled us to elicit 
reasons as to why users had a preference for one alternative as against another. 
Trade-offs between options were discussed. for example. a 3D interface may look 
visually pleasing but it might be difficult and time consuming to use. Many 
prototypes are developed with the goal of identifying design errors by assessing 
user interaction (Chatty and Lecoanet. 1996). but often the users' own ideas and 
thoughts playa limited role in interface design. By offering alternatives our goal 
was to open up the design space and enable users to freely criticise and compare 
designs. prompting them to develop their own ideas. 

4. EARL Y CONCEPT DEMONSTRATOR 

A feasibility carried out in advance of the project identified four main functions 
which should be included in the system: information retrieval. pre-press authoring 
support. brokering and negotiation. and payment and administration. Adescription 
of the concept demonstrator functionality folIows. 

4.1 Information retrieval 
In supporting Information Retrieval the concept demonstrator offered different 
ways of browsing and navigating the information space. The options include 3D 
and 2D graphical interfaces. World maps. and text based interfaces. Interactive 
screens for constructing and modifying queries were displayed which involved 
picking items from categories or using constrained natural language. Figure 4 
shows an interactive top-down 3D walkthrough. Entity topics are expanded to 
display associated attributes. The hits per query component are displayed during 
incremental query construction. Figure 5 shows an alternative way of constructing a 
query using naturallanguage templates. 
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Figure 4. 3D Walkthrough. 

4.2 Pre-press authoring 
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/. ..... 
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Figure 5. Naturallanguage template. 

177 

Authoring tools could include areport writing tool so that users could create their 
own multimedia document. The user can integrate graphics, video and sound, see 
Figure 6. 

~ 

4.3 Brokering 

tANcELI 

if; ":r~' ·~-h ~(M .... ~~ .. ~ 

• _t .. 

Figure 6. Tool for creating multimedia documents. 

Öl 

An information broker acts as an advisor, accessing hundreds of data sources to 
find the client the information he or she needs at the best price. Because each 
client' s requirements vary greatly, an information broker familiarises itself with the 
client's needs and with the information available from the suppliers. The Broker 
recommends suppliers and resources which are most likely to be able to match the 
client's needs, and will attempt to only seIl the client information that is available. 
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Brokers are service oriented and save time as they shop for the information that is 
best suited to the client. 

With various kinds of virtual transactions becoming available, services include 
how to pay, when 10 pay, maximum charges and most cost-effective data retrieval 
etc. 

4.4 Evaluation 
Five evaluation sessions on the concept demonstrator were carried out from August 
to November 1996. In total 18 users participated. All users were computer literate 
and most were information professionals who were experienced in the domain. 

We used SCRAM, a Scenario Requirements Analysis method (Sutcliffe 1995, 
1997) that involves presenting the concept demonstrator which is illustrated in a 
scripted sequence and linked to scenarios (sequence of realistic tasks). Possible 
functionality and interface designs are explained to the users. Each feature of the 
concept demonstrator is described by a facilitator who asks a small group of users 
probing questions about their requirements. Design options are explained in terms 
of their trade-offs. The users are encouraged to clarify any points they found 
ambiguous and elaborate any further requirements. The final stage of the method 
involves a brainstorming session between the users and the facilitator where key 
facts are summarised into a requirements map. Users also completed apre-session 
questionnaire about their computer use experience, and a post-session questionnaire 
providing feedback. 

4.5 Results 
We obtained functional, non-functional and usability requirements. The users liked 
the support services and intelligent tools. In particular, they prioritised system help 
to clarify their needs and advice on various resources and results which they may 
find interesting and useful. However, this dialogue should be user driven and the 
system should not take over. See Figure 7 for details of services required. 

Support services required Avg. rating 

1. Help clarify requirements 5 

2. Advise on/suggest possible choices 4 

3. Match user requirements to suitable multimedia resources 5 

4. Negotiate copyright 3 

5. Facilitate payment 4 
i 
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6. Help multimedia resource delivery 4 

7. Advise on multimedia designs 3 

8. Allow export to other applications 5 

Figure 7. User average rating for support features (Scale: 5 essential, I don't like at all). 

When browsing users showed a preference for the 2D entity relation map and text 
thesaurus interface. The users liked graphical front ends but they were wary that 
3D/ VR interfaces might be difficult and cumbersome to use, see Figure 8. 

Navigation Category Avg. rating 

I. 3D Walkthrough 2 

2. 2D Map showing entities/relations 4 I 

I 

3. 2D Topic expansion map 3 
. 

4. Text Thesaurus 4 

5. WorldlEurope Maps 3 

Figure 8. User average rating for exploring (Scale: 5 essential, I don't like at all). 

The users were very interested in any support tools which could help retrieve 
relevant information from text databases. They showed considerable support for the 
constrained natural language interface, which they could customise to suit their 
needs, for instance, by assigning domain specific values to the cause and effect 
relation templates. Support for iterative searching using pertinent and relevant 
reformulation advice to users' needs was rated highly. Relevance matching i.e. 
finding similar results to a specific result or result section in a results set was also 
considered useful. Additionally users may want similar papers on a particular 
subject but that deal with a different concept, for example, the advantages of a 
particular method rather than its limitations. 

Speed was considered as the most important non functional requirement and 
customisation to different levels of user needed to be considered, see Figure 9. 
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Important criteria Avg. rating 

Portable (PC/MACIUNIXlPDA) 4 

Robust communication 4 

Quick response time 5 

Integration (with authoring) 4 

Figure 9. Post session feedback on non functional requirements (Scale: 5 essential, 
I don't like at all). 

For usability the users wanted simple and easy to use interfaces, with plenty of 
examples and on-line help available. These are common requests to many 
applications but the important point is that although the users wanted simple 
interfaces they would be willing to learn a complex interface, if it could support the 
functionality they needed. 

5. SPECIALISED CONCEPT DEMONSTRA TORS 

The initial set of requirements were high-level so the next step was to build on 
these by eliciting requirements for specific domains and user groups. Gur first task 
was to specify a set of typical user tasks (scenarios) for users from each of the three 
domains: entertainment, transport and education. The next step was to develop 
more detailed scenarios of use with our three user partners and develop further 
concept demonstrators. Focus group evaluation sessions were carried out using the 
concept demonstrators. A focus group is an informal assembly of users to elicit 
perceptions, feelings, attitudes and ideas of participants about a selected topic 
(Nielsen, 1993). The first ten minutes of the session involved giving the audience 
an overview of the Multimedia Broker project, and providing suggestions as to how 
the Broker might help them be more efficient and productive in their work. This 
was fOllowed by an interactive discussion with users around a number of slides of 
the interface designs for the three scenarios. Approximately six users attended each 
session and most considered themselvesto be potential end-users of the system. 

5.1 Leisure and entertainment - Anaya Multimedia 
Anaya's demonstrator gives customised information about leisure and entertainment 
activities. The user answers aseries of questions about his or her interests which the 
Broker uses to recommend a choice of entertainment which matches the user' s 
profile. The demonstrator illustrates a scenario in which the user is someone who 
lives in Madrid and is interested in 16th century architecture, has an aftemoon free 
and no.oo to spend. Among the items the Broker recommends is an on-line tour of 



Designing a multimedia applicationfor the WWW 181 

one of the most important historie buildings in Madrid, the Monastery of EI 
Escorial. Figure 10 displays a view of the monastery and the 3D navigation tool. 
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Figure 10. Museum tour navigator. Figure 11. Selecting a room. 

The user is prompted to specify artists and paintings of interest. Using this 
information the Broker creates a customised route through the museum, see Figure 
11. 

5.1.1 Evaluation 
Only one user had previously used an information retrieval application for leisure. 
The majority of users thought that they might use such an application out of 
curiosity or if they had just moved to a new location and were not familiar with 
their surroundings. Figure 12 summarises the users' feedback highlighting issues 
which are relevant to the web. 

Reluctance Users thought they would only pay for such a service if it i 

to pay for supported their particular interests or hobbies. but not for general 
information entertainment purposes. 

Response Unsatisfactory system response times and data update frequency 
times were potential barriers to use. 

User Users thought that user profiling could be useful if the user could 
profiling be alerted to new items of interest without having to search for 

them but that profiles could be misleading since moods and 
interests can change. 

Presenting The result presentation facilities were considered useful if they 
information streamlined information presentation from within and across 

resources. 
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Access to 
live/on-line 
infonnation 

The Broker could provide an interface to a live infonnation 
service, perhaps by offering an e-mail link. It would be more 
contempo(ary if it allowed access to on-line entertainments. 

Figure 12. Requirements feedback from focus group using Anaya's concept demo. 

5.2 Information retrieval in planning and transport. PTRC 
PTRC's concept demonstrator illustrated intelligent support for infonnation 
retrieval from text databases. The user is a transport consultant seeking to obtain 
infonnation on Traffic calming. She constructs a query using keywords, submits it 
to the database and is presented with a set of results. The results set is quite long so 
the system helps the user to narrow the query by offering context sensitive 
narrowing advice. This is presented in aseries of steps, the user is free to skip steps 
and can complete the process anytime by selecting the Finish button. There are 
seven steps in total. In step 1, the user is asked to specify which domain she is 
interested in. Using the user's search tenns the system looks up meta data 
infonnation for details of possible domains. In step 2, the system asks the user to 
specify the geographical area she might be interested in, see Figure 13. 
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Figure 13. Step 2 - Narrowing by area. Figure 14. Step 3 - Narrowing content. 

In step 3 the system uses the initial results set to create a list of relevant key 
words which the user can add to the query for specialisation. Using specific 
dictionaries, keywords and phrases are picked from the results set and offered as 
content specifiers (see Figure 14). In the fourth step the system prompts the user to 
choose from key words or phrases which are stored by the system from previous 
queries. In the fifth step the ~ystem allows the user to restrlct the search to a 
particular author, range of dates or media type. The results will contain papers 
which are dosest to the user' s specification ranked by relevance. 
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When reviewing papers for purchase the user is given free abstract information. If 
she decides to buy a paper she is prompted with information on the content of any 
graphics files, see Figure 15. 
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Figure 15. Paper abstract information. 

When ordering the Broker completes the details of the user' s name and address 
from her login record. The user can encrypt the order for maximum security. At 
this point the user enters her credit card number and then submits the order, which 
is acknowledged by the system. 

5.2.1 Evaluation 
The users thought the intelligent support provided was useful and desirable. They 
suggested that it should be an optional facility which they would use if they were 
unfamiliar with the contents of the database or the domain. Figure 16 summarises 
users' feedback. 

Searching for 
information 

When querying, half of the users used a specific search then 
broadened if necessary, while the other half began with a 
general search then narrowed it. Support for both strategies 
would be required in Multimedia Broker. As with querying, 
some users aimed for the largest possible results set and 
discarded while others preferred to start from a small response 
and widen. A visual cue such as a map of sites or pages within 
sites visited was perceived to be helpful. 
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Using web The underlying rules and mechanisms of search engines are 
search engines not transparent to the user so it is difficult to predict their 

behaviour or leam to improve results. Search results were 
criticised for often being of limited relevance, because search 
engines do not use domain or syntactic/semantic knowledge, 
and completeness. Users were often concemed that relevant 
information had not been reached. 

Linking to For searching and retrieving information the preferred method 
information on was keywords, and all users wanted to set up their own links 
theWWW to information. 

Configurability Most users wanted to configure the Broker to suit their own 
preferences and were willing to use configuration tools to 
achieve this. Information seeking and browsing was the area 
of functionality which most users wanted to configure. 

Interactionl The time needed to construct a query, the system response 
response times time and data update frequency were also issues. 

Payment Users had reservations about on-line payment and their 
willingness to give credit card details would depend on their 
perception of the integrity of the supplier. They feIt that there 
was still a need for off-line payment. 

Communication The most important non-functional requirement was 'robust 
communication' . 

Usability Users commented on a number of difficulties they had found 
in their use of Information Retrieval applications. They 
observed that they are often hard to leam but then easy to use -
ideally they should also be easy to leam. 

--- --- ---- -

Figure 16. Requirements feedback from focus group using PTRC' s concept demo. 

5.3 Teaching in education - Liber 
Liber' s concept demonstrator is an educational support tool for planning, designing 
and developing a teaching course. The author may wish to produce a course of units 
for students, together with teacher' s notes, and dass handouts on a particular 
subject. The system guides the user through the process in aseries of steps (see 
Figures 17 and 18). In the first step the Broker asks the author questions to gather 
information about hirn, his task and target audience (see Figure 18). 
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Figure 17. Designing a teaching course. Figure 18. Acquiring user information. 

The Broker helps determine the content and organisation of the course by 
drawing on a number of templates. The Broker has templates for a range of subjects 
and target audiences. It creates a customised template matching the users's 
requirements with one or more pre-existing course templates. Through aseries of 
steps the user creates the course lessons. The first step is to find appropriate 
material. This involves browsing and searching information resources from 
multimedia, distributed databases, eDs, Liber's own 'learning chunks', etc. The 
Broker suggests the main theme and learning outcome for each lesson by drawing 
on the information associated with the customised template. The author is free to 
override these suggestions and type their own choices. The Broker searches for 
information which matches the main theme and learning outcome selections (see 
Figure 19). 

~.r.:.c 

~ .. -
lo,"" 
00J.:"'" 

l88R1in9 Sttlfldish rar Adulfs 

f: ............ ;. "'tl'll\)oIiI'IC' IU"OC«~·"tIOt"(~~ 

:;'"CttO''';.J:~ •• t.f'I(:.,. ..... :tW'd~IrX~r ! ... ~ :S4ec:'· ~~'aI-~ 
1:0 ,I. ... --.e • • Ihr-; l"'OJdIbt.* 1)0I:ttt" . 4U:.t .. .,... C'. ~ ilf'C'C"" 

'5'"'" ')j! "jI 0.""'. C f:~ rml''' ·un"».. Sc. 1k ~t. t: :l 
r:JI~' ;""""~'!:.·"W'~ 
(""1 '/Ci"il, ti 'I(%"~it',,>,eC. 'w,,"L [ :'bs41b Sot;!. =w:. l ·:l 
l .... · ~ .•. : ... ,: ..... Ct""'..nc.tf">t, r-..t"'t';", '::tVfIl" : .litIO'" PI'.., ttr:.~,.Corr...,...c.x.-"\ 
tllcn'.llJUt~ 

fld!nn\ 1 CX< r4 "M.~m !'J!C"!I'JdIc s: SI;:. lt ~t , - ;) 

lrIh6..:n;; :ate ...... Itt bI"";""; .. ~ a:.""",,,," r S",-.i~ ' 111' Z~: ..... 

N .. )) I r.rwh I 

x 

Figure 19. Matching resources to learning themes and outcomes. 
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5.3.1 Evaluation 
Users commented that while multimedia teaching applications were generally 
desirable, there were some barriers to their use, especially the cost of development, 
since individual teachers do not always have control of budgets and resources. 
Users feIt that the course generation templates provided by the Broker were based 
on too rigid a model of course content, objectives and sequencing. Teaching of key 
concepts and ideas often spans severallessüns and support was needed for this level 
of granularity and for co-ordination with previous and following lessons and 
courses. They also wanted to be able to specify more details about course duration, 
student background, assessment mechanisms, type of resources and to be able to 
look at and adapt examples. Figure 20 is a summary of the users' feedback 
highlighting issues which are relevant to the web. 

Links to For searching and retrieving information, the preferred 
WWWsources interaction mechanisms were keywords and menus, the 

preferred explon~tion method was keywords, and all users 
wanted to set up their own links to information. I 

Task support When integrating and editing retrieved results, users 
unanimously wanted to be able to export to Powerpoint™ and 
to save resources to disko All were interested in creating 
multimedia documents, preparing talks and slides, and 
creating areport of retrieved results and an index. All users 
required help from the system to accomplish these objectives. 

Payment The preferred charging mechanism was off-line invoicing but 
users were not in favour of imposing a single mechanism on 
all members. The preferred payment mechanism was off-line 
invoicing. 

Configurability All users wanted to configure the Broker to suit their own 
preferences and were willing to use configuration tools to 
achieve this. Information seeking and browsing and creating 
multimedia applications were the areas of functionality which 
most users wanted to configure. 

Promotion The majority of users had no requirement for promotional 
facilities. 

Copyright Copyright issues were perceived to be a potential problem in 
terms of the time and resources required to resolve them. Help 
with negotiating copyright was rated highly. 
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Tailoring Users identified several problems with resources in that they 
information are often too high or too low level for the intended audience 

and have to be adapted. Also, users often want to reuse their 
own existing material, which may not be in an on-line format. 

Non functional In the post session questionnaire the most important non-
requirements functional requirement was tied between 'robust 

communication' and 'easy to learn' and the least important 
was tied between 'integration with multimedia authoring 
environment' and 'portability across hardware platforms'. 

Figure 20. Requirements feedback from focus group using Liber' s concept demo. 

6. WEB BASED QUESTIONNAlRES 

Due to the international nature of the project with partners located around Europe 
we developed a web based questionnaire to obtain feedback from users who were 
physically remote. Eight users, all employees at our partners' sites, completed the 
questionnaire, see Figure 21. 

Searching and The preferred interaction method was picking options 
Retrieving from menus and using natural language keywords. All 
information users wanted to set up links to information. Cost was the 

most important criteria for matching information before 
retrieval. 

Configurability All users wanted to configure the system to suit their 
own preferences. 75% were willing to apply effort in 
using a configuration tool. The tasks they were most 
interested in configuring were information 
browsing/seeking and managing results presentation. 

Integrating and editing 50% of users wanted to create a formatted report 
retrieved results into containing retrieved information. Most users wanted to 
documents export resources to Word™, ExceFM, Access™, 

PowerpointTM, PhotoshopTM and HTML editors. 

Creating web pages 50% of users required support for creating web pages. 

Company information! Three users thought the presence of publicity 
publicityl promotion ladvertising would affect charges. Four users thought 

integrated publicity for all members would be useful. 
Paying for data or Most publishers wanted to pay using off-line invoicing. 
services Some would pay using virtual cash. 
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Charging for data or Publishers wanted an off-line invoicing system for 
services /access to charging. Most also wanted virtual cash. 
system 

Vet potential new Publishers wanted the Broker to vet new potential 
clients clients. 

Figure 21. Requirements feedback from web based questionnaires. 

7. RE-USABLE REQUlREMENTS FOR WEB BASED APPLICATIONS 

Three major findings from Nielsen' s (1997) extensive usability studies for web 
applications were: 
• People have very little patience for poorly designed WWW sites which prevent 

them from finding the information they need; 
• Users don't want to scroll: information that is not on the top screen when a page 

comes up is only read by very interested users; 
• Users don't want to read: reading speeds are more than 25% slower from 

computer screens than from paper, but that does not mean that you should write 
25% less than you would in a paper document. It means you should write 50% 
less. 

Based on the evaluation we add to these the following findings: 

7.1. Simple interaction and fast response times 
Nielsen notes (Nielsen 1998) that it is rare for users to spend more than a few 
minutes at a time at any given site, and users' navigation frequently takes them 
from site to site as they follow hyperlinks. Our study shows that users require 
simple and straightforward interaction. If this is not provided they are likely to 
move on to another site. They also require fast response times from web based 
applications, they will not wait patiently for results to be retrieved from a database. 

7.2. Integrating multimedia information 
Using the web to acquire information is often a sub task within a main goal of using 
the information in some way, for example, writing areport. Often the user wants to 
integrate the acquired information seamlessly with other applications Ce.g. Excel, 
Word, Photoshop etc.). If this raises a copyright issue users wants support in 
obtaining copyright. 

7.3. Reluctance to pay for information 
Users are used to being able to access a wide variety of information for free. The 
quality of such information varies but the volume of free software alone sets up a 
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standard for users' expectations for free information. Users are only really willing 
to pay for information if it is of particular interest to them. They won't pay for 
general information which they might get from a newspaper or low-cost guide. 

7.4. Information overload 
People are suffocating from information overload so users need to be able to 
selectively manipulate their information requirements. Search engines were 
criticised for producing too many irrelevant results and users were often concemed 
that relevant information had not been reached. Users need to be able to retrieve 
information relevant to their specific needs using customised support. 

7.5. Linking to information 
Users control their own book mark menu and use it to create customised interfaces 
to their favourite sites. Dur findings show that users want to link to items of 
information and not just to URL pages. 

7.6. Payment security 
Users do not trust the web enough to give credit card details for payment. 
Applications should allow payment by invoice. If users are required to pay by credit 
card some form of sec ure method should be offered, for example, encryption. 

7.7. Configurability 
Users want to get the information they need quickly. This means that applications 
have to be tailored to individual users. Users wanted to configure the Broker to suit 
their own preferences and were willing to use configuration tools to achieve this. 

7.8. User profiling 
Users thought that user profiling could be useful if the user could be alerted to new 
items of interest without having to search for them. Web based applications can 
make good use of user profiling to provide customised interaction. 

7.9. Language 
Users behave and interact with web based software in a different way to traditional 
software. On the web, the user controls his or her navigation through the pages. 
They can take paths that were never intended by the designer, jumping straight into 
the centre of a site from a search engine without ever going through the horne page 
(Nielsen, 1998). Unexpected visitors may be unfamiliar with the language or 
terminology used. 
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8. RE-USABLE WEB DESIGN TEMPLATES 

The functions which we implemented in Multimedia Broker are common to many 
web based applications. Accordingly we propose reusable design templates that can 
be specialised for specific applications. The templates synthesise our design ideas 
and the feedback we gathered from users during the requirements analysis. Four 
templates are suggested in the format of a conceptual architecture to explain the 
design approach: 

8.1. Information retrieval 
Web search engines were not considered to be effective or usable by our users. 
Instead they requested more domain specific interfaces that allowed drill-down 
searches via lists of keywords. 

The template is summarised in figure 22. The user picks keywords from the upper 
level list of keywords, causing the system to expose a sub list and so on according to 
the number of sub list levels that are provided. Keywords may be picked from 
different types of list allowing a faceted description of the search target (e.g. search 
by properties, type of author, domain, etc.). Once a set of keywords have been 
selected the system searches its database for the best matched items. 

The key design issues are: domain analysis to acquire a user customised lexicon 
of keywords; indexing resources or providing free text search with keywords; and 
customisation of the user interface under user contro!. 

User 

Results 
Presenter 

Query 
keyword 
selector 

Database 

[-2 .ml 

7 
Matches selected 
keywords with 
indexin~ terms 

1 descriptors 
lresource I XXXIXXX I lindexing terms 

Figure 22. Information searching template conceptual architecture. 
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8.2. Information Browsing 
Obtaining an overview of the searchable resources is difficult by queries or via a 
hypertext that hides the space of searchable documents by its link structure. Users 
require map-based browsers that give them an overview of the search space and 
permit simple query by pointing. Maps need to be structured so they provide users 
with a comprehensible model of the information, e.g. resources grouped in logical 
categories, by web-site or supplier. This template gives process advice about the 
design issues which need to be addressed, as illustrated in figure 23. Operation of 
the map interface is relatively simple. The system require a map display function, 
possibly with the ability to zoom into more detailed maps of local areas and then 
execute simple queries by pointing to map nodes. 

User < _I Map display 

Results 
presentation 

Design stages 

Acquire 
domain 
concepts 

Queryby 
I. 1 pointing 

Create user's 
conceptual 
modeI of 
information 

I 
User selects map node 

Map user model 10 

f----i visualisation 
design 

Design issues User's view Mapping and 
domain concepts Iconceptual representing user' s 
and lexicon model model. 

Layered set of maps display 
information categories 

Figure 23. Information map - browser template conceptual architecture. 

8.3. Purehase transactions 
Order processing is a growing area of activity on the web. Templates may be 
derived from standard information systems, however, the distributed nature of the 
web poses new problems of security and privacy. Furthermore, as the many of the 
goods that will be sold over with web are intellectual property, copyright is an 
important design issue. To address these issues a template for transaction services is 
proposed that uses a commit-confirm protocol to help safeguard the customer and 
supplier against fraudulent transactions. This is illustrated in figure 24 in as 
interaction diagram following use case formats. 
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CIient 
Purchase 
request 
Authorise 
purchase 
Confinn 
purchase 

Broker/Supplier 
Check and 
confinn 
Request payment 

Deliver resource 

Conceptual architecture 

Client's 
order 

Purchase order 
entry and 
validation 

Design issues: 
copyright 
c1earance 

Payment 
subsystems 

Security 
encryption 

B ankt Account Holder for client 

Request 
confirmation 
Pay supplier 
Credit transfer 

Resource 
delivery 

Communication 
reliability 

Resource to 
c1ient 

Figure 24. Purchase trans action processing template. Use case interaction diagram. 

Design issues in purchase transactions are encryption of the data and payment 
details to provide security, copyright clearance services as a sub system and means 
of protecting copyright either by licence agreements of electronic watermarks. 

8.4. Negotiation support 
Brokerage is an important service for the web as resources grow and customers 
experience increasing problems in acquiring products that meet with requirements. 
The essence of brokering is an intermediary who pro vi des valued added searching 
for a client and locates products that match with their requirements. Negotiation 
templates could be complex and require implementation by knowledge based 
systems, however, we preferred a simpler solution that gives functionality of 
constraint based matching that can be added to the information searching services. 
This is backed up by email communications that facilitate clients to supplier 
negotiation to resolve outstanding issues. 

The templates we propose are a preliminary attempt to encapsulate our design 
experience for future reuse. More detailed specifications could be given by entity 
relationships diagrams, or object oriented classes, method scripts etc. However, our 
experience with the authoring templates demonstrated that providing too much 
detail and an inflexible framework can lead to user rejection, or requests for less 
detail and more customisability. Accordingly we recommend informal templates 
that express the design problem and an outline architecture for its solution. 
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9. DISCUSSION 

Design methods need to become increasingly lean and flexible to address the 
problems of Web-based applications where rapid development is essential. The 
method we have proposed builds on earlier RAD traditions (e.g. DSDM 1995) but 
it adds two important dimensions. First is the use of scenarios in development. 
These provide scripts of system usage against which design can be checked thus 
facilitating validation of user requirements. The importance of scenarios have been 
recognised in human computer interaction and software engineering (Carroll 1995) 
and form an important component of object oriented development methods in the 
use case family (Jacobsen et al. , 1992). Secondly we have added user centred 
design via cycles of prototyping and usability evaluation, building on our previous 
work with scenario based methods (Sutcliffe 1995, 1997). Although prototyping has 
been widely practised for many years, this approach does raise problems of wasted 
effort if not properly managed. Our approach is to introduce prioritisation and 
design rationale into development process to encourage a more structured approach. 

Usability is a key component for successful web application design. By 
promoting heuristics and design principles (Nielsen 1993) we hope to encourage 
integration of HCI good practice within web based development. Usability is also 
improved by the iterative cycles of prototyping and evaluation. The extension of 
Nielsen's advice that we report is based on a sound analysis of users' requirements. 
The concept demonstrators used for that analysis enabled rapid development of 
many different design options to maximise user choice and improve feedback on 
design ideas. Our experience indicates that fully functional prototypes are not 
necessary for gathering user feedback, indeed we recommend that more alternatives 
with less functionality are generated early in the design process to promote user 
involvement in choosing designs that suit their requirements. 

One problem with our approach for web based applications is that users may 
often be remote and inaccessible for evaluation. We are addressing this problem by 
developing concept demonstrators that are web accessible and capture user 
feedback (Sutcliffe and Patel, 1998). This allows us to expose design options 
directly to a wide range of users who can then participate in the design process. 

Reusability in web design already exists in the form of web page design 
templates; however, these tools offer little help with either incorporating good HCI 
design practices or with design of application functionality. The more functionally 
oriented templates reported in this paper address the latter problem. The templates 
are preliminary and represent one cycle of extracting generalisable knowledge from 
our experience. 
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In our future work we will refine the templates and investigate how such 
knowledge may be effectively delivered. Some possibilities are to provide generic 
software components (e.g. customisable Java applets) linked to specifications of the 
component architecture. We mayaIso make a more formal examination of the 
generic types of conversation used during the requirements elicitation process. This 
may provide further understanding of users' behaviour when interacting with web 
based applications. Another direction is to link HCI design advice to the 
components and its constituents in the form of the design principles we have 
proposed. This direction is being followed in our work on 'claims analysis' that link 
HCI design advice with design trade-offs (cf. design rationale Maclean et al. , 
1991), and the reusable software artefact (Sutcliffe and Carroll 1998). 

The approach we propose integrates techniques and methods from the software 
engineering and human computer interaction traditions. In addition the user centred 
design process links artefacts as concept demonstrators with different design 
representations (e.g. design rationale, models, scenarios and templates). The 
process description needs to be improved so the relationship between 
representations artefact and the method's procedures is clear. The approach we are 
following to solve this problem is to refine the description of our method using a 
method engineering description language of Rolland (1997). This makes explicit 
associations between design context, representations, the method's procedure and 
design advice. 

In conclusion, our experience of web based design has produced novel artefacts 
for addressing problems of information searching, brokering and transaction 
service. The experience has been encapsulated in reusable templates to improve 
designer productivity in the future. The experience has also encouraged the 
evolution of user centred design methodology, although considerable work remains 
to be undertaken to improve such methods in practice. 
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