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ABSTRACT Even with intelligent query support data retrieval is not always optimal. This 
is increasingly true as database systems become more complex and powerful. The Intuitive 
toolset has been developed for use with multimedia, heterogeneous distributed databases, to 
support query reformulation before or after submission to the database(s). The toolset is 
reconfigurable to permit optimisation for novice or expert users and to suit specific domain 
knowledge. The theoretical background to user search difficulties, possible solutions to 
these difficulties, mixed initiative dialogue and user adaptive systems is discussed. 

INTRODUCTION 

The Esprit project, Intuitive (INTeractive User 
Interface & Tools for Information in a Visual 
Environment) addresses the problem of designing a 
support system for information seeking and retrieval. 
Only by understanding users' tasks can we design 
appropriate task support. The design methodology 
applied is the Task Artefact Cycle Framework 
developed by Carroll (Carroll, 1990), which embeds 
applicable theories and principles of HCI in products 
and improves them by an iteration of design and 
evaluation. 

The paper starts by defining the subtasks needed by 
any information retrieval (IR) system. A review of 
published work in the field, and a discussion on the 
difficulties encountered in using such systems 
follows. A description of the limitations of current 
commercial systems is discussed, leading to the 
Intuitive solution, which is graphical navigation and 
mixed initiative dialogue. How IR issues are 
addressed in the design of a prototype is followed by 
a description of how the evaluation of the prototype 
led to the design of the implemented (alpha) Intuitive 
toolset. 

TASK ANALYSIS 

The information seeking task has been analysed using 
TKS (Johnson, 1988), see Figure 1. If users know 
precisely what is wanted, the information is retrieved 
directly. Otherwise, if users know only partially what 
they want, they enter an iterative cycle of defining 

needs, formulating and submitting the query and 
evaluating the results. If users merely want to explore 
the database, they can either browse breadth-first, or 
for more detail, depth-first. 

The Intuitive project has developed the following set of tools which map tu above subtasks. 
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Navigators Selectors 

Figure I - TKS analysis 

NATURE & PROBLEMS OF SEARCHING 

Presenters 
Presentation planning 

This section reviews work on information retrieval 
and identifies the unresolved problems. 

Iterative & Dynamic Nature of Searching 
Morris (1994) and others view IR as a dynamic 
process, in which during the information retrieval 
cycle, the state of knowledge is changed and new 
directions of search become available. 

Belkin et al. (1982) criticise typical IR systems based 
on the 'best-match' principle, for ignoring: (i) that 
users may not be able to define precisely the required 
information and; (ii) there may not be a precise match 
between their needs and the retrieved data. Instead, 
they postulate that an information need arises from an 
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anomaly in the user's state of knowledge and that the 
user, is not, in general, able precisely to specify what 
is needed to satisfy the anomaly. 

Bates (1989) contrasts the classic model of IR, which 
presumes that information need is "a single unitary, 
one-time conception of the problem", with a 'berry
picking' model, an evolving search where "each new 
piece of information ... gives them new ideas and 
directions to follow ... the query itself is continually 
shifting in part or in whole". 

Difficulties in Formulating Queries 
Fischer et al. (1991) reported empirical evidence of 
users' inability to articulate complete queries, and the 
fact that data indexing rarely corresponds to the user's 
model. They also stress the need for evaluating 
relevance of retrieved results, and to reformulate and 
resubmit to obtain more relevant results. 

The Need for User Relevance 
Park (1994) contrasts Topic relevance with User 
relevance. Topic relevance is when the topic of the 
retrieved document matches the topic of the request. 
It is inadequate because it is based on fixed 
assumptions about the relationship between topic and 
search. User relevance is concerned with the specific 
information needs for the task and situation. 

Most of the work done in the field has been on 
bibliographic searching but the issues raised in this 
section are equally applicable to other forms of 
information retrieval. 

CURRENT SYSTEMS AND THEIR LIMITATIONS 

Of the many commercially available retrieval 
systems, the most recent have capabilities for 
multimedia output and multimodal input. As well as 
library text-only systems, such as Medline and Inspec, 
there are many specialist multimedia systems in 
educational, architectural and other domains. Most 
current systems do not provide effective support for 
relevance, and are domain specific. 

Intelligent query support is available in expert 
systems, such as PLEXUS (Vickery, 1988), but these 
suffer from the well-known drawbacks of expert 
systems. The 'domain acquisition bottleneck' 
(Feigenbaum, 1977) states the problem that non
factual expert knowledge is difficult to codify, and 
except for limited domains, impossible to capture 
completely. Also, the facts and principles underlying 

many domains cannot be characterised precisely in a 
deterministic model whose properties are well 
understood (Jackson, 1990). In order to hold adequate 
domain information, such systems often become large 
and unwieldy. 

DESIGN 

The Intuitive project is designing a set of software 
tools to act as an intelligent database front-end. 
These tools are intended to support access to any 
number and type of distributed databases. The 
Intuitive system is therefore applicable theoretically 
to any type of database searching application. This 
section describes how HCI principles and IR 
difficulties identified guided the Intuitive design. 

Applying HCI to Information Retrieval 
The principles guiding the design of the Intuitive 
toolset are adapted from general HCI principles, eg 
Nielson's (1990) heuristics to suit IR. 
• Visibility - Users' view of the information space 

should be maximised and made appropriate to 
their context. Hence browsing facilities, overview 
maps, navigators and views of the information 
space are required. 

• Proactive support - Query formulation should be 
easy. Intuitive provides templates and query by 
pointing. 

• Error repair - System initiative is reserved for 
when things go wrong. 

• Feedback - Presenters and Selectors are provided 
for relevance feedback and iterative querying. 

The following IR issues guided the design: 
• Expert systems where software takes the lead are 

inapplicable to search problems, because of the 
complex domain knowledge. The user should be 
driving the system and not the other way round. 

• Users have difficulty, and make mistakes in 
actually formulating queries syntactically, eg in 
writing SQL, hence query formulation should be 
natural. 

• Users' language may differ from database 
terminology, so the system must provide 
mappings, synonyms, a thesaurus and the ability 
to associate keywords with related terms. 

• Querying a database is an iterative process. 
Retrieved data is often just an intermediate stage 
to further querying. The retrieval of some 
information may lead users to change the direction 
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of their search. They may wish to broaden, 
narrow or look for related items to the query. 

PROTOTYPE SYSTEM 

A requirements analysis for a specific Intuitive 
application, shipboard information management, was 
carried out using scenario based elicitation (Hobday 
at al., 1993). Domain knowledge in the area of 
Shipping was acquired through detailed and 
comprehensive interviews with ship captains. The 
results were fed into the design of two prototypes. 
The first implemented in Authorware illustrated 
information management in emergency situations, the 
second developed using MacroMind Director, 
concentrated on more general information searching. 
The second prototype is described below. 

The prototype demonstrator allows multimodal input: 
point and click on a ship diagram, natural language 
input via menus and graphical three dimensional 
navigation of the dataspace. The prototype navigator 
permits orthogonal semantic links between data 
entities and super/sub classes. 

Figure 2. 3D Navigator 

Query support strategies: Mixed Initiative, 
Adaptability and Relevance 

Given that users often cannot precisely specify what 
is needed, and that the direction of search changes as 
results are retrieved, no system could adequately 
generate and predict users' changing needs. As the 
system has incomplete knowledge about users' needs 
and the appropriateness of the retrieved data, query 
support is achieved by the system advising on 
possible ways of retrieving relevant information. The 
user can choose to take or ignore the system's 
advice. 

The information space is presented as a network of 
linked semantic nodes. A narrowing search strategy 
(to move down the information space), a broadening 
search strategy (to move up), and a horizontal 
traversing search strategy (to move across) were 
implemented. The strategies enable the user to 
traverse the information space retrieving relevant 
information, and are designed to support the 
incremental discovery and iterative nature of IR. 

In order to provide support for distributed databases, 
while avoiding the pitfalls of expert systems, a mixed 
initiative approach has been taken, so that the user is 
in always in control. When problems occur, or can be 
predicted, the system offers advice to the user, but 
never takes over. 

The narrowing strategy narrows the focus to a more 
specific area in the information space. It advises the 
user to reduce the range of query values, prompts the 
user with related sub-class information, and supplies 
specific information which can be added to the query. 
This strategy can be used to reduce the number of 
results if too many hits are retrieved. 

This is illustrated (see Figure 3) in a training task to 
deal with emergencies. The user's query, "How do I 
fight fire?", is imprecise as there are many ways to 
fight fire, so the user is prompted to narrow the query 
with specialised and related query terms. The system 
prompts the user by asking for details about the type 
and location of the fire, emergency tools available, 
the danger level and its side effects. 
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Figure 3. Query reformulation 
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The broadening strategy expands the view of the 
current information space by suggesting new search 
directions related to the information need already 
specified by the user. Broadening prompts the user 
with related super-class information, suggests that the 
user increase the range values of terms, and/or 
removes constraining relationships between terms. 
This strategy can be used to increase the number of 
results, if none or only a few are retrieved. 

The horizontal traversal search enables users to move 
across the information space by prompting them to 
look at related items, nearest neighbour first. 

THE IMPLEMENTED TOOLSET 

After evaluation of the prototype by ships' Captains, 
a reconfigurable toolset was developed for use with 
heterogeneous database(s), including a more 
comprehensive navigator, query construction, and 
support in line with the captains' suggestions. This 
version enables user control of the display of results, 
Presenters and Browsers. 

Constructing Questions 
In order that the users do not have to think about the 
syntax of the database query language of the specific 
database(s) needed to process queries, Intuitive 
provides (see Figure 4) a means by which items 
identified in the navigator, or keywords entered in 
natural language by speech, keyboard, and menus are 
converted into an Intuitive specific internal query 
language (Rosengren et a!., 1993). User input is 
converted internally into the various syntactic forms 
needed for the connected databases. Because it is 
internally generated, query syntax is always correct. 

Figure 4. Navigator, Selector, Browser and Presenter 

Query support - validating queries 
Inappropriate queries should be filtered out or 
reformulated as early as possible. Because users have 
problems in rendering queries accurately, the query 
can be semantically validated at this stage. The rules 
governing validation are configured by the user, in 
the prevailing context and domain. 

Preformed Queries 
To enable rapid retrieval of data which is needed 
repeatedly, stored ('preformed') queries, have been 
implemented to retrieve information for specific task 
steps. Preformed queries can be created in the normal 
way, using the Navigator and Selector and are stored 
in a query library for future use. Preformed queries 
can be edited. 

ADAPTING TO THE USER, TASK AND DOMAIN 

To tailor for the individual needs of the user we have 
developed a conjigurable system in which users 
define domain specific rules. This avoids a priori 
acquisition of domain knowledge. 

Figure 5 illustrates adding a domain specific rule to 
the system at run time. On the left of the screen, a list 
of current rules is displayed. The user adds a new 
rule on the right, which will be triggered if the 
conditional part of the rule is fulfilled. This rule 
indicates that if there is a fire in a hazardous goods 
container, the warning message to activate the 
Hazardous Fire Procedures will be displayed. The 
user can build up a complex conditional clause using 
nested expressions connected by logical operators. 
The action part of the rule can either display a 
warning message to the user or carry out a task. 
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Users can customise the presentation style to suit their 
individual taste. With multimedia output, it is 
necessary to treat varying media types differently. 
For example, the cognitive load in dealing with a 
relational data table is different from dealing with a 
video. 

EVALUATION STUDY 1 - PROTOTYPE 

Six ship Captains were shown the prototype 
demonstrator, using a scripted scenario to illustrate 
key design features. Probe questions were asked in 
order to elicit feedback on these features. After a 
hands-on trial they were questioned about the 
functionality and design of the system. Six hours of 
taped conversation were analysed. 

Interaction Modality 
Speaking to a computer was generally considered 
quicker and easier than using a mouse, but it 
depended on the task. The captains considered 
menus a better option than speech for a multilingual 
crew, believing it is probably easier to read a foreign 
language than to speak it. Specifically, they noted 
that in emergency situations menus would avoid 
confusion arising from noise or stress-distorted 
speech. Pointing and clicking were considered an 
easier way to indicate a location than using words. 

Constructing Questions 

The captains encountered difficulties in constructing 
questions. In training, for example, the crew need to 
know about different types of emergency equipment 
and how they are used in different situations. A 
captain noted, "the last thing you want to be trying is 
to cope with formulating questions". A preferred 
method was to navigate through the information 
space, clicking on nodes to trigger preformed queries. 
An open-ended query facility would be used 
occasionally for ad hoc queries and to construct new 
preformed questions. Captains felt that system 
guidance during query formulation, in the form of 
prompting menus with key information would prevent 
forgetfulness under stress. 

System Initiative 
Help for query reformulation was welcomed but 
opinions on the broader question of system initiative, 
for example, knowledge based support for query 
formulation, were hard to elicit. This exposed one 
limitation of eliciting feedback from prototypes; 

features which were not implemented had little 
meaning for users. 

Choice of media type 
The captains considered the choice of media type was 
task dependent, for example, text for procedures, 
video for training and images for ship diagrams. 

Feedback 
The captains recommended that a checklist of tasks 
being performed, to allow for communication, 
particularly in an emergency situation. They could 
interactively record which tasks were being, and had 
been, carried out by which crew member. 

EVALUATION STUDY 2- INTUITIVE TOOLSET 

The evaluation on the (alpha) Intuitive toolset 
involved a study of 12 students/research assistants on 
the system. It was carried out on a partially 
functional release of Intuitive implemented in C++ 
using Microsoft Foundation Classes (trademark of 
Microsoft Corporation). Subjects were given specific 
tasks to perform using the Intuitive Navigator and 
Selector tools, to traverse the information space and 
construct queries, and use Browser and Presenter 
tools to view the retrieved results. The results are 
summarised as follows: 
• Help & guidance- Users appeared to need more 

guidance for system operation. Future work will 
examine whether more domain specific assistance 
and UI guidance is needed. 

• Using the system - 56% of subjects were not keen 
to try out different ways of doing the same task. 
Once they had learnt one way, they kept to that 
way. 50% per cent of the subjects felt they could 
learn the software rapidly and that learning new 
functions was not difficult. 75% of subjects 
reported that it was easy to move from one part of 
a task to another. 66% of subjects considered that 
the number of steps required to perform a task 
was satisfactory. 58% of subjects thought that 
there was adequate information on the screen. 

• System presentation - 75% of subjects thought 
the system consistent, and 66 per cent of users 
considered the layout to be logical. Only one 
person found the system to be awkward, and 50% 
of subjects found it aesthetically pleasing. 

CONCLUSION 

We demonstrate the importance of the design 
following the task model closely, so that the system 
reflects the iterative nature of the tasks, the tools 
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support the users' tasks, and fit together in user
system co-operation. The captains' suggestion of 
preformed queries, novel in the IR task context, has 
been adopted, adding considerably to the power of 
the system. 

Recent work at Xerox PARC, notably that which led 
to The Information Visualizer (Card et al, 1991), and 
the cost of sensemaking (Russell et al, 1993) point 
new directions for interactive IR and query support in 
the overall task context. Our work in Intuitive is 
guided by similar HCI principles. 

The Intuitive toolset has produced a novel approach 
to mixed initiative dialogues for IR. Preliminary 
evaluation studies seem to indicate that this is the 
correct approach, leaving the user in charge but 
providing support throughout the retrieval process. 

The general formulation strategy is validated by user 
evaluation studies, but all indications are that it needs 
to be adaptable and customised to users' changing 
needs. As it is impossible to anticipate the needs of a 
wide variety of users, the system needs to be easily 
customised and configurable. 

The reconfigurability of the ruleset means that the 
results of our own evaluation experiments and other 
researchers' theoretical work can be fed back into the 
system to provide an experimental test bed and a 
useful retrieval tool. Further evaluation studies are 
ongoing and are feeding back into future development 
of the software .. 
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