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Over the last few years, adaptive interfaces have become a focus of research. In HCI one system is Monitor,

which formed the basis of an adaptive interfaces project funded by the National Physical Laboratory. This paper
describes our experiences in working on this project and the lessons that have been learnt about adaptive interfaces and
the Monitor system. We then look at the experiments which have been conducted to establish the feasibility of
modelling and using users cognitive characteristics to provide adaptivity. The paper concludes with some thoughts on

the direction which future research should take.

Received June 1988

1.INTRODUCTION

One view of human—computer interaction (adapted from
Norman®) is shown in Figure 1. This highlights several
important points. Firstly, the system consists of many
tasks. For example a word-processing system includes
the tasks print, index, spellcheck and edit. In turn edit
includes enter, delete word, copy, move and so on.
Secondly, there will be many (not necessarily simul-
taneous) users of the system. These are individuals who
have differing skills and experience. Frequently users
vary in their requirements of the system. For example, a
manager and a secretary may use the same word-
processing system, but they have very different needs and
will typically use different functions. Thirdly, Fig. 1
emphasizes the difference between the human—computer
interaction and the human-computer interface. Inter-
-action includes all aspects of the environment such as the
working practices, office layout, provision of help and
guidance, and so on. The interface is the parts of the
system with which the user comes into contact ‘physic-
ally, perceptually or conceptually. Physical components
include the use of the keyboard, type of screen and
pointing device, perceptual features are concerned with
the layout of the screen and use of colour or highlighting.
Conceptual aspects relate to the users mental model of
the system. Principally this is their understanding of the
tasks and concepts which constitute the system. Notice
that the variety of users typically share the same interface.

The final feature of Fig. 1 is the people who have an
interest in the interaction, but who reside outside the
system. These people typically include the system designer
and system manager and may include other interested
parties such as observers, psychologists and so on. These
people all have different views of the interaction (because
they are interested in different aspects of the interaction).

Users are often categorised into broad groups such as
expert or novice users or frequent or infrequent users and
HCI guidelines have been developed to assist designers in
producing systems appropriate for these classes. How-
ever, we believe that whilst such categories are useful in
focusing attention on the variety of interfaces required,
such classifications are too broad. Users are individuals.

We also know that users change their behaviour from
a primarily problem-solving activity to a routine skill?® as
their understanding of a system grows. Users learn about
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Fig. 1. Model of human—computer interaction.

Interface

the system and gradually move from novice to expert
user. In fact most users lie between novice and expert in
a class of users called intermediate users. Moreover, this
expertise relates to particular tasks which the system can
perform and not to the system as a whole.

Users differ in many other ways. Their previous
knowledge affects the way in which they construct their
mental model of the system, as does their goal in using
the system.® Their mood influences how they perceive the
system and their personality contributes to what they
find agreeable or disagreeable about the system.

The problem which HCI designers are faced with is
how to accommodate this variety and the changeability
of the users. Any system potentially needs a variety of
interfaces in order to provide a system powerful and
flexible enough for the expert users yet simple enough for
the novices. How can systems be designed to deal with
the differences in background, ways of working and
other personal preferences?

One solution is to build an adaptive capability into the
application system, or into the interface system, which
can then adjust the functionality of the system or facets
of the interface to suit the individual.' Such adaptivity
should benefit all users since the computer system being
used will be tailored to individual requirements and
skills. This is quite different from previous approaches to
system design where dialogue and interaction were fixed
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and pre-specified and where the human had to adapt to
the requirements and conventions of an inflexible
computer system.

As may be expected, this is not straightforward. What
aspects of the user should the system adapt to? How
often should it adapt? Should the user be in control of
the adaptativity or should it be automatic? Once these
questions have been answered, how can the necessary
knowledge be elicited and represented in the system?
How effective is an adaptive system likely to be? Will it
break other fundamental guidelines of HCI such as
consistency of the interface? The remainder of this paper
describes our experiences with these and related ques-
tions.

2. ADAPTIVE INTERFACES

Adaptive interfaces are a particular type of adaptive
system. In another paper? Benyon discusses some of the
lessons which can be learned from studying systems in
general. Systems adapt to other systems in order to
facilitate interaction between those systems. The follow-
ing types of adaptivity can be identified.

* (automatic) adaptation
* customisation

* non adaptation

* evolution

* adaptability

Automatic adaptation is characterised by the system
providing a response to another system. For example,
thermostats automatically adapt to a change in temper-
ature. Customisation requires action by one system to
alter the state of another system. For example we can
turn the volume up on a television set to adapt the system
to our desired hearing level. Other systems are charac-
terised by a lack of adaptivity. Perhaps the system has
been designed for a particular purpose, but is unsuitable
for other purposes. When two non-adaptive systems
attempt to interact (for example a hammer and a
window), the result is likely to be unsatisfactory at best
(and may be destructive of one or both systems).

Evolution is concerned with adaptivity over time
and the inheritance of preferred characteristics from one
generation to the next. Biological systems are the clearest
example, but the development of software systems is
another. Adaptability is a measure of flexibility. An
adaptable system can be used for many purposes, but it
is not capable of changing those purposes. The hammer
is adaptable, but it is not adaptive.

We are interested in adaptive systems, which change
their state according to the requirements of the inter-
action and do not require (unlike customisation) the
other system to actively participate in the changes. The
main reason that we choose to ignore customisation is
that in order to customise a system, the user must learn
how the customisation system operates. This detracts
from the central purpose of the system. It is the automatic
adaptation of systems to ‘the changing needs of users
over time and to individual users or classes of users™
which we need. This distinction is important since many
systems facilitate customisation but few, as yet, can
provide knowledge-based and automatic adaptation.

There are, however, several levels and types of
adaptation. Edmonds? describes five areas; user errors,

user characteristics, user performance, user goals and the
information environment. He suggests that adaptation is
most easily accomplished automatically with reference to
user errors. Adaptation to user goals and to the
environment is difficult to achieve automatically, but is
relatively straightforward through customisation. The
actual manner and type of response is important here,
however, as adaptation by the system to the environment
is common at the physical interface level but not at the
user’s conceptual task level.

Totterdell, Norman and Browne® have examined
adaptivity in natural and computer systems, and present
the following taxonomy :

Level | Systems—produce a change in output in
response to a change in input

Level 2 Systems —include an evaluation function
which selects from a range of possible outputs.

Level 3 Systems — include a mechanism for monitoring
the effect of the selected strategy on the environment and
altering the evaluation function appropriately.

Level 4 Systems — possess an internal model of the
environment in addition to an evaluation function and
use the predictive capability of the model to select an
appropriate response.

Level 5 Systems — inherit knowledge from previous
generations and adapt before they come into existence
(evolution). The designer of such a system needs,
therefore, to concentrate on the strategies for adaptation
in addition to the mechanisms.

The authors argue that a system adapts to its
environment and discuss the trade-off between main-
taining a model of that environment, and the need to
have an adaptive capability. At some point adaptation is
bounded by the limits of the environment model which
is maintained. This environment model may be viewed as
a number of systems.

In terms of the systems which interest us, we currently
impose the limit of an application. The system is designed
to support an application and will be unable to adapt
outside of that application. However, we argue that the
system should be able to accommodate changes arising
from different users of the system or the changing needs
of individuals over time. In particular, the system should
be able to accommodate the needs of individuals as they
move from a primarily problem-solving activity to a
routine cognitive skill.

We seek a level 4 system in the above taxonomy which
must, therefore, possess a model of the systems with
which it will interact (its environment) and the evaluation
functions to select an appropriate response to the range
of inputs.

3. THE COMPONENTS OF ADAPTIVE
INTERFACES

An adaptive interface system needs to model the systems
with which it will interact. What are those systems? The
diagram in Fig. 1 shows the main components of HCI —
the users, designers/managers/observers and the system
(consisting of several tasks) itself. Although the designer/
manager/observer view(s) of the system is important, we
do not require the system to be capable of adapting to
this view. Hence the system does not need to model this
aspect.
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EXPERIENCE WITH ADAPTIVE INTERFACES

There is clearly a need to model the users, but we need
to consider which aspects we want to model. For
example, we do not wish to model the physical
characteristics of users, because we do not wish the
system to be able to (automatically) adapt to the
differences of individuals in this respect. Customisation
is often more suitable here, particularly at the physical
level of the interaction such as screen and keyboard
layout. We return to the user model in Section 3.1.

The adaptive interface also needs a model of the
system itself, so that it can adapt appropriately. We call
this the ‘task model’ and discuss it in more detail in
Section 3.2.

There is one further aspect of the environment which
must not be overlooked — namely that the user and the
task interact. Indeed it is this feature of the environment
- an individual performing a task — which we would like
our system to adapt to. Hence the need for an ‘interaction
model’. We return to this in Section 3.3.

We consider the term ‘model’ in line with Murray” to
be B’s representation of an entity, A, for the purpose of
C. The models we require, therefore, are the system’s
models of the user(s), the tasks and the user-task
interactions. The purpose of these models is to facilitate
the provision of adaptive interfaces.

3.1 User Model

We argued earlier that for systems to interact, there must
be adaptation by one or both systems. Humans are
extremely adaptive, but there is evidence to suggest that
some aspects are more adaptive than others. Van der
Veer et al® have argued that cognitive styles and
personality factors are characteristics of users which are
particularly relevant to HCI. They have analysed these
factors in terms of how easy they are to change. Their
analysis is shown Fig. 2.

In the upper part of the figure are personality and
cognitive characteristics which are often the focus of
commercial personality tests. For example negative
fear of failure measures an individual’s concern over not
succeeding in a task, impulsivity/reflexivity measures the
degree to which an individual will consider his/her
actions before undertaking a task, and field independence
relates to an individual’s ability to transfer knowledge
from one situation to another. The lower part of the
figure indicates those personal characteristics which are

less resistant to change. The individual’s perception of
their own general knowledge and problem solving
abilities is argued to be more resistant to change than
their learning style. A serialistic learner prefers to learn
facts first and then to develop general concepts whereas
a holistic learner tends to prefer an overview before
filling in the details. People are typically relatively
adaptable in respect of learning style, but still have
preferred ways of learning.

This analysis provides the basis for a user model which
captures the essential characteristics of individual user
and offers suggestions as to where and how the system
should adapt. If individual characteristics are resistant to
change, then the system must adapt if the interaction is
to be satisfactory. Consider a user confounded by his/
her word processor. S/he can attempt to solve the
problem by reading the (highly non-adaptive) manual,
give up the current goal or make use of a more adaptive
system. In most current interactions, the only adaptive
system is another human who the user can question
about the system. The hypothesis presented here is that
the user will make use of the adaptive system if it is
available or give up the goal unless s/he is highly
motivated and willing to adapt to the non-adaptive
source of help (the manual).

Notice that the analysis does not imply that personality
and cognitive characteristics are completely non-adap-

tive. We recognise that people have preferred styles and
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because of an unnecessarily restrictive computer system.
People use systems to achieve their goals because those
systems help in achieving their goals. If these systems are
difficult to learn or otherwise require a significant effort
by the human, they will be bypassed or at best under-
utilized.

There are many other personal features which may be
pertinent to HCI. A preference for visual rather than
verbal interactions, spatial and temporal abilities, the
individual’s personal constructs or perception of the
locus of control over the interaction may all effect the
quality of the interaction and be more or less adaptive in
particular individuals. Gender and cultural differences
have also been suggested?® in this respect. Other authors
argue that cognitive characteristics are not enough and

Resistance to change Dimension Factors
High Personality Introversion/extroversion
negative fear of failure
Intellectual ability
Cognitive style Field independence
Impulsivity/reflexivity
Operation/Comprehension
learning
Perception of Epistemic/heuristic
own competence
Low Personal knowledge

structure

Learning-style
serial /holistic
Prior knowledge

Fig. 2. Human characteristics and resistance to change (from Van der Veer et al.*).
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the conative and affective traits should be considered.?*
Others maintain that lessons from social and occu-
pational psychology are relevant.?®-26

An approach to user modelling based on the user’s
personality and cognitive characteristics has the desirable
property that such features are relatively stable and
hence can form the basis of a long term, domain
independent, user model appropriate for adapting many
different systems. At the bottom of Fig. 2 (least resistant
to change) is ‘prior knowledge’. An individual’s experi-
ences with other systems and their knowledge of the
current system will affect the interaction. This type of
knowledge is domain dependent and is relatively easy to
change by educating the user.

The distinction between domain-dependent knowledge
and domain-independent knowledge appears useful and
suggests that the user model can be seen as having two
main components. Aspects such as cultural features,
social norms, personality variables, cognitive style,
learning strategy, and previous education might be
considered domain-independent whereas knowledge of
specific packages and generic tasks (such as word-
processing, electronic mail, database retrieval and so on)
might be considered domain-specific. The representation
of knowledge in Intelligent Tutoring Systems is often
highly domain specific. However, the level of domain
independence of any particular facet of a user model
remains a contentious issue in need of further research.

A popular approach to constructing user models is to
capture the essential characteristics of one or more
‘stereotyped’ (generic) users and assign individuals to
these stereotypes.®'? Individuals will typically belong to
more than one stereotype and so the problem of resolving
conflicting characteristics arises. A hierarchy of stereo-

- types could be constructed with general human charac-

teristics at the top, gender and cultural features at the
next level, age and occupation at the next level and so on.
To our knowledge such a hierarchy has not been
completed.

The stereotype approach has the advantage of model-
ling users at a coarser grain of knowledge. However, it
must be stressed that stereotypes are not intended to
classify people, they are a convenient user-modelling
technique. Individuals assigned to stereotypes inherit the
characteristics of the stereotype and only individual
deviations from these traits need to be explicitly
represented in addition. For example, the UC system!? is
a help system for Unix. It associates Unix commands
with stereotype users. A novice user would be expected
to know commands X,Y and Z whereas an intermediate
user would be expected to know commands U, V, W in
addition. Individuals who differ from the stereotype may
be moved from one stereotype to another, or their profile
is amended accordingly.

3.2 Task Model

A significant amount of research has been expended in
developing task models (also called application models
or domain models). A useful review of eleven task
models is presented by Wilson et al.'® They examine most
of the popular task analysis techniques in terms of the
breadth of user knowledge addressed by a technique, the
user centred task dynamics (concerned with users
behaviour), cognitive limitations on processing and use

of the technique. Not all the methods of task analysis fit
into these categoreis, but they do provide a useful basis
of comparison. It is worthwhile to note their conclusions
here. In particular, ‘there is clearly no ideal, general
technique for task analysis’.'®

A variety of models have been proposed which divide
the system space into layers. Probably the best known of
these is T. P. Moran’s Command Language Grammar
(CLG)*® which concentrates on four layers; tasks,
semantics, syntax and lexical. The task layer describes
the tasks which the system can perform. In a word-
processing system these could be edit text, print the
document, etc. The semantic layer identifies the concepts
and functions of the system — for example the concept of
a block of text or a cursor position, and operations such
as identify text, move text, etc. The syntax level describes
the commands available for accomplishing the con-
ceptual (semantic) operations. (For example, position
the cursor at the beginning of a block, position cursor at
end of block and mark the block are the syntactic
operations necessary to identify a block). The lexical or
interaction level describes the keystrokes, mouse move-
ments and so on, necessary to complete the syntactic
operations.

Other authors have also suggested a layered approach.
For example, Foley and Van Dam'® identify four layers
and Nielsen seven layers.'” This is not the place to argue
how may levels are required for a complete description of
a system, but for certain there must be more than one! In
fact it can be difficult to distinguish the different layers on
occasions and it may be more useful to simplify this part
of the description and concentrate on the difference
between the logical (or conceptual) part of the system
and the physical part.'® The logical level deals with the
functions which the system can perform and the concepts
which it deals with. The physical part is concerned with
the command language, keystrokes, mouse-button pres-
ses and physical displays associated with the system.

Most of the current task models deal with the
functioning of the system at these two levels. TAG?! sets
out to predict the learnability of interaction languages. It
is firmly at the physical level of task description identified
above. Kieras and Polson’s production rule model?® and
the GOMS model?* both deal with logical and physical
functions and how one maps to the other. Similarly CLG
deals with logical and physical functions.

A significant shortcoming of these models is that they
do not focus enough attention on the objects and the
relationships between objects which exist in the system.
Most of the approaches deal with tasks and sequences of
tasks. They do not look at the structure of the objects.
And yet if a user misunderstands the definition of an
object, s/he is likely to encounter problems.

The outcome of this analysis is that the specific task
model must be specified in terms of: the purpose of the
system and the goals that it is capable of helping to
achieve (what it is), the logical concepts and logical
functions (what it does), their relationships (how it
works) and the physical concepts, functions and their
relationships (how to do it). See Benyon'* for a more
detailed discussion of this.

The form of these models is a matter for debate and
personal preference. Grammars are typically favoured in
HCI circles, and are probably most suitable at the
physical level. In other disciplines such as information
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EXPERIENCE WITH ADAPTIVE INTERFACES

system design, graphical models such as dataflow
diagrams (for the functions) and entity—relationship
models (for the concepts) have proved popular and
effective. Transition networks have been used (e.g.
Alty," Kieras and Polson?’) as have production rules.
Provided that the models can be consistently mapped
into each other in order to ensure that the system is
coherent, the form of the model may not be vital.
However, it must be remembered that the task model has
to be used for a number of purposes, and different
models are suitable for different purposes.

3.3 Interaction Model

An interaction is the outcome of a particular user’s
interpretation of a task, which leads to the development
of an intention to reach a particular goal. In order to
achieve this goal the user may break down the task into
sub-tasks and sub-goals. The computer system is the tool
which the user employs in order to perform the task
necessary to achieve the desired goal. The physical
interaction devices, the logical structure of the software
being used and the user’s own mental model of both
these and of the task will influence the ensuing interaction.
The resulting user’s mental model is developed from
inter-relationships constructed from all these sources and
will change in order to accommodate and make sense of
new information arising from the interaction. The
interaction itself takes place within a broader working
environment which provides additional physical stimuli
such as noise or changes in temperature and light. This
environment will also have social influences on the user-
stress associated with needing to achieve a particular
goal in a limited amount of time, or competition, praise,
help or criticism from colleagues. All of these factors will
ultimately influence the interaction process and mediate
the users goals and task intentions.

Once again, the level of the interaction needs to be
considered. If the system is to adapt at the task level, the
interaction must be modelled at this level. Some systems
can be used for so many tasks that confusion arises for
an individual trying to use the system for a small subset
of those tasks (for example, authors and designers use
the same word-processing or desk-top publishing system
for quite different tasks). The same is true at the level of
system functions. If the task and functions are under-
stood, there may be problems at the syntactic and lexical
levels of the interaction perhaps through the user’s
familiarity with other systems which use different
keystrokes or through a poor understanding of a
command language syntax.

3.4 Summary

This brief review of the models required by an adaptive
system highlights the range of features of HCI that such
a system will have to deal with. There are many models
which may prove applicable, but exactly which ones are
most suitable remains unclear. In many instances it is not
even clear what should be modelled, let alone how to
model each feature and the grain of the model that is
required.

One way of learning more about the efficacy of
alternative models is to try them out. The next section
describes the Monitor system, the level and type of
adaptivity which it provided and the models which it
used.

Task Integrity
Stereotypes l structure
Task Task
User Individuals model functions
model
Individual:
sessions
Collated
Interaction history
model

Fig. 3. Overview of Monitor.

4. THE MONITOR SYSTEM

Monitor is an adaptive interface ‘shell’, which provides
a framework within which different dialogues can be
presented to different users.?> The initial prototype
system was written in GCLisp running on an Olivetti
M24 and provided alternative dialogues in the domain of
CBT.?" In the second stage of the project, this will be
transferred to a more powerful machine with an enhanced
environment and the range of applications extended to
electronic mail and database query.

In line with the above analysis, Monitor can be seen as
consisting of three models; the user, task and interaction
models. Their relationship is illustrated in Fig. 3. The
user model consists of stereotypes with individuals
initially inheriting characteristics from the stereotypes
and then adding individual differences as the system
detects that they have departed from the stereotype. The
task model consists of a task structure model, a function
model and an integrity model which verifies that the
functions can be supported by the structure. The task
structure represents the system concepts and their pre-
and post-requisites. For example in a mail system (see
Fig. 4b) the concept of ‘message recipient’ needs the
concepts of ‘network address’ and ‘user identification’
to be comprehended before it can be properly understood.
The function model essentially describes the dialogues.
The interaction model consists of two parts, one
concerned with the interaction during an individual
session using the system and the other with summarising
these sessions into a user-task history. The session model
is used to elicit data which can be used for making
inferences about what the user understands and the
history model for summarising a user’s knowledge of a
task.

The form of adaptation is the provision of different
dialogues for different users and classes of users to deal
with the changing needs of users, thus providing
adaptivity at both the semantic and syntactic levels. In
the database query application this could take the form
of providing a form-filling dialogue for *visualisers” and
a command language for ‘verbalisers’. In a command-
driven application system, the novice user can be
prevented from using certain commands, or varying
certain parameters in order to maintain the simplicity of
the system. The details can be revealed as the users
experience grows or as the need for particular functions
arises. In the system controlled dialogue (such as a menu-
based system), the network is more closely defined and
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b)

Recipient

Address
A

Network

Node

Fig. 4. (a) Dialogue network showing alternative scripts. (b)
Concepts in e-mail system. Interpretation: ¢ A (e-mail) message
is sent to (one or more) recipients. A recipient is a (registered)
user. A user has a user identification and an address. The
address consists of a network and a node name’. Arrow heads
indicate ‘many’.

nodes or sub-networks of nodes can be enabled or
disenabled by the system to provide the adaptation. The
provision of a co-operative adaptive system is also
possible with this approach.

The task model performs two functions. Firstly it
forces the domain expert to identify, carefully and
explicitly, the elements and functions of the domain. In
this role it acts as a design tool. Specifying the concepts
forces the designer to consider where inferences about
those elements can be made. The integrity part of the
task model checks that every function uses only concepts
which have been defined. For example in an e-mail
system, the designer specifies the function ‘Send mess-
age’, giving it a syntax of

Send: network : address: user id

The system checks that the three concepts — network,
address and user id —have been defined with their
relationships to one another.

Secondly the task model forms the basis of the domain
dependent part of the user model. The user’s under-
standing of each concept and each function is represented
by a ‘competence factor’ on a scale of 1-5. This rating is
inferred by the system on the basis of the rules specified
during the design process. Additionally the system
maintains a ‘confidence rating’ for each competence
factor which indicates how confident the system is in its

inference of the users competence. Once again, these
confidence ratings are specified during the design process,
along with rules governing the summation of confidence
ratings.

The task function model describes the dialogue. Each
node in the dialogue is a production system which
controls the presentation of text, the next node displayed
and the inferences which are to be made from the user
interaction. A more coarse-grained model is maintained
by collecting nodes into ‘scripts’ (pre-defined dialogues)
each of which corresponds to a user stereotype. Thus
each stereotype user is initially directed by a script
through the dialogue network. Figure 4a illustrates this.

Although some control is maintained at the script
level, the majority is at the node level. A typical
production rule in a node might be:

If this is script A

and the user understands concept K

and the user responds to this node with option x
and they have gone through nodes a,b,b and d
then update user model concept L

and direct them to node f

We will not describe the physical design of the Monitor
system in this paper as it has been detailed elsewhere.8-3!
Suffice to say that the physical design is not particularly
difficult (at least whilst performance is not an issue) using
the current range of AI languages and tools. It is the
logical design of the models and the elicitation of
appropriate knowledge which has proved to be the
bottleneck.

5. USING THE PROTOTYPE

The Monitor prototype has been used in a number of
experimental situations to test both the operation and
theoretical basis of system adaptivity. Our objectives
were firstly, to establish the mechanisms and feasibility
of adaptation, and secondly, to identify the user
characteristics appropriate to adaptation.

Some initial pilot experimentation was conducted in
May 1987 with nine undergraduate students using the
first computer-based training prototype. This had a
stereotype User Model which initially inherited charac-
teristics according to the course which the student was
taking. These traits were derived from the experience of
the domain expert and the cognitive factors analysis of
Van der Veer et al. (shown in Figure 2) and were
amended for the individual through the task model
inference mechanisms.

The six stages of this experiment were pre-test
questionnaire, pre-test tutor’s report, use of Monitor
system, teachback session with tutor, post-test question-
naire and personality test. We were investigating the
differences between measures of personality and pro-
cedural abilities of the subjects taken by Monitor,
assessed by the tutor, and given by the subjects
themselves.

The particular cognitive abilities we considered were
subject’s learning style, heuristic competence, problem
solving style, motivation to learn and interest level. The
tutor obtained additional information about epistemic
competence while cognitive and epistemic variables were
recorded by the system.

Initial results indicated that some further refinements
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EXPERIENCE WITH ADAPTIVE INTERFACES

of the experimental paradigm were necessary, and that a
larger, and more variable, subject pool was required to
enable us to draw firmer conclusions from later experi-
mentation. We concluded that there was too little
correlation on the factors which we had identified because
of fundamental differences in the definition of terms. We
also felt that observers’ ratings and cross-variable
correspondences could be made more rigorous and that
a common basis should be identified between the different
techniques employed for acquiring subjective data. It
was apparent that the representation scales used within
the system were too crude to make fine-grained distinc-
tions. However, the feasibility of the mechanisms of
adaptation based on a simple stereotype model of
the user instantiated in a software prototype'® was
established.

Following this, the system was reviewed and enhanced
in a number of ways. An editing facility was written and
the first moves to a Shell environment made. The second
prototype has a similar structure to the original but
refinements were made and full technical documentation
was completed. It was decided to conduct a much tighter
experimental trial which would eliminate many of the
variables and inherent assumptions of the pilot experi-
ment. A study of 20 cognitive and personality factors was
commissioned in order to verify to some greater or lesser
extent how stable these are. The results were that,
although many of the variables identified had some
validity in cognitive psychology, they were not as firmly
fixed and amenable to careful testing as other HCI
studies had indicated. The problems of identifying an
individual’s style and then providing an individually-
suited interface remained a significant barrier.

A new series of detailed experiments was designed
which could deal much more carefully, one factor at a
time, with cognitive abilities. The level of short-term
memory (STM) was the cognitive factor initially chosen.
Later experiments dealt with reference memory, with
STM once more, and finally, with a combination of the
two. The whole series has recently been completed and a
full analysis is currently under way, to be reported in a
later publication®”. The preliminary results of this large-
scale study seem to indicate that a dialogue adapted to an
individual subject’s level can enhance the interaction and
task goals for that subject. In one of the early experiments,
an experimentally slower dialogue significantly improved
the knowledge acquisition of poor working memory
subjects without significantly influencing the performance
of those with good working memory. Although a certain
degree of caution should be used when viewing such
results in view of the small sample sizes, results do seem
encouraging. There is good reason to suggest that
dialogues can be made to be adaptive on the basis of
individual cognitive characteristics. Moreover, there is
strong evidence to suggest that whilst, for some dialogues,
the performance is poorer for those with poor STM, this
can be compensated for by modifications in the dialogue
structure. Furthermore, because these adaptations in-
crease the duration of the dialogue, and only assist the
performance of those with poor working memory, it is
advantageous for those with good STM to use the faster
dialogue. Only an adaptive interface can optimise the
performance of both groups.

6. DISCUSSION

The construction and use of the Monitor prototype
adaptive system has proved to be a useful and valid
research tool and has highlighted several things.

Monitor is certainly not a ‘level 4’ adaptive system in
the taxonomy of Section 2, because it does not evaluate
the likely outcome of its actions on an internal
environmental model. Indeed it is not yet a level 3 system
because it does not explicitly evaluate results on its
environment. We agree with Totterdell er al.® that the
system will only be as good as its ‘notional world’ —i.e.
the beliefs which it embodies about the users and the
system. Monitor’s user model needs enhancing before it
could be said to represent a human in any but the
simplest of ways.

However, what the system does demonstrate is
significant. Firstly that the mechanisms of adaptivity are
feasible and relatively straightforward at a physical level.
It is the conceptual modelling that is difficult. Secondly,
that initial results are encouraging in that at least some
cognitive factors (in our case the level of working
memory) can be captured unobtrusively and accurately.33
In a similar light, Williges and Vicente®® report a
system which successfully inferred users spatial ability by
monitoring their use of commands. The unobtrusive
elicitation of appropriate user characteristics must be a
high priority for adaptive systems. Thirdly that the
dialogue presented to individuals can significantly im-
prove their performance. Putting these three factors
together suggests that there is indeed a future for
adaptive systems.

There are, of course, many problems. The utility of
other cognitive factors in HCI is still a matter of
contention, but it is hoped that the continuation of our
research will contribute to that debate. The elicitation of
peoples cognitive traits is difficult. They cannot really be
expected to fill in a questionnaire before using a system.
However, with attention to detail, the stereotype can
embody many of these factors. There is a major
consideration of the privacy of a user model and the
problem of ‘hunting’ in which the system adapts just as
the user has understood it! There also remains the
problem of the task model. The techniques which we
have do not appear suitable for the purpose of adaptive
systems. A much more fine grained and wide-ranging
model is required.

Our experience suggests that immediate research needs
to centre on the elicitation and representation of
appropriate user characteristics (user modelling) and the
improvement of domain modelling. The current level of
understanding of what constitutes the whole interaction
(rather than just the interface) also needs more research
and the development of appropriate modelling tech-
niques.

We are currently planning a two-year project to
produce a prototype development environmental for the
creation and testing of User Models. These will be
instantiated in a number of target systems and will allow
in-depth exploration of the mechanisms and capabilities
of adaptive interfaces.

In keeping with experience in the Al field, the
bottlenecks we have met with in building adaptive
interfaces have proven to be in the area of knowledge
elicitation (though from users in general, rather than
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from specified domain experts) and knowledge repre-
sentation. What seems now to be necessary has a twofold
requirement: a means of enhancing known expertise in
user modelling®?® and a tool to assist in the design of
interfaces with an adaptive capability.

This, to us, points to the development of a toolkit or
‘Shell’ type of system, similar in many ways to a classic
Expert System Shell. This tool kit will be used for
constructing embedded user models (EUMs)? (that is the
representation of long-term user characteristics as a
knowledge-base within an application system) through
elicitation of both designer’s and user’s knowledge of an
individual’s cognitive and personal characteristics.

The User Modelling Shell is intended to produce
program code which can act as an EUM for a specific
requirement, or to produce generic models for a range of
applications. We see this process as initially producing
only prototypes, but the Shell may also be used as a
design tool and could form part of a larger Human
Interface Development Environment. It will function
as a designer’s tool, allowing early prototyping and
iterative design practices to be applied to the construction
of interfaces driven by a model of the user, and will be
capable of providing either generic user models suitable
for different types of interaction and application or
individual dynamic models for customisable and
adaptive systems.

The building of EUMs suitable for different types of
interaction and application will take place by a process
of incremental design and prototyping, based upon
practical experimentation. The approach to the software
development is that of ‘evolutionary prototyping’ — the
system is developed as the problem domain is better
understood and the prototypes are used in order to
facilitate a better understanding of the domain. This
approach is appropriate because the system cannot be
precisely specified until it has been used, and because the
building and use of the system is an effective way of
fostering understanding of the subtleties of the knowledge
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