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PREFACE

Since the first INTERACT conference, which was held in London in September 1984, the field of Human—Com-
puter Interaction has received increasing attention from researchers and industrial practitioners, and the import-
ance of the topic is now widely recognized. There are two major reasons for this increasing interest. Firstly, techno-
logical developments over the last few years have enabled us to seek new solutions to the problem of supporting
work processes by information technology and for designing the interface between the user and the machine. Sec-
ondly, computers have become an everyday and common tool in the work of a great number of people. These
two observations have motivated the development of an interdisciplinary field of research which, today, appears
much more established than it was a few years ago.

Against this background, a broad international forum on the subject of Human—~Computer Interaction is required.
It is particularly important, that this international forum has the opportunity for a reguiar presentation and dis-
cussion of new results from both research and application. The International Federation for Information Pro-
cessing {IFIP), by its Task Group on Human—Computer Interaction, has therefore proposed and organized the
INTERACT '87 conference, to be held in Stuttgart, as a successor to the first successful conference in London.

It was the Programme Committee’s intention, that tiwis book should serve the purpose of conference proceedings
as well as a publication on the state-of-the-art in this field of Human—Computer Interaction. It contains the text
of all the papers presented at the conference. A total of 375 abstracts was received in response to the call for
papers, which gives a good indication of the considerabie interest in this subject and conference. On the basis
of a thorough evaluation, 231 authors were invited to submit full papers. Finally, 163 papers were accepted for
presentation at the conference and thus are published here. As in INTERACT 84, in the final editing of papers
for this conference book, changes have only been made in cases where it was felt to be essential to clarify mean-
ing.

The arrangement of the papers reflects their presentation at the conference. Firstly, all papers have been classi-
fied according to the five broad areas, which constituted the basis for inviting these contributions, i.e.:

1. Human Factors in System Development (13 blocks)
2. Design and Evaluation Methods { 6 blocks)
3. Human Computer Interface Design. (11 blocks)
4. Impact of Computers on Human Behaviour ( 6 blocks)
5. Forefront Systems and Techniques { 6 blocks)

Each area was subdivided into named sections containing blocks of four papers, which correspond to the paper
sessions of the conference and reprgsent the spemal subfield of research and application within the field of
Human—Computer Interaction.

A subset of eight blocks of papers was selected to cover all areas, which will be presented under the general head-
ing ‘Main Issues in Human--Computer Interaction’. . The rationale for this selection was to highlight the current
state-of-the-art, which will be interesting for both researchers and practitioners.

This series of INTERACT conferences should aim to bring together the various disciplines and research approaches
on a worldwide basis. Momentarily two major views can be distinguished: the designer-oriented view and the
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customer-oriented view. In the designer-oriented view, research is conducted to produce guidelines as well as
tesearch’ results to be of practical help for designers of IT products. In the customer-oriented view, research is
conducted to assist in evaluating and implementing IT technology into increasingly more complex application sys-
tems. Both approaches are indispensable and the INTERACT conferences should serve to bring both approaches
together.

These conference proceédings are the result of a combined effort by a great number of people, to whom we would
like to express our sincere thanks. To begin with, 1FIP acknowledges its debts to the members of the Programme
Committee, who have contributed so much to the arrangement of the final conference programme. In particular,
the composition of a well-balanced lecture programme has been made possible by their careful and knowledgeable
selection of papers. Furthermore, the members of the Organizing Committee, especially those responsible for the
various special activities during the conference, deserve much appreciation for their assistance while preparing and
running the conference. Above all however, thanks must be recorded to the authors, who actually did the writing
of this book.

Hans-J8rg Bullinger Brian Shackel
Fraunhofer Geselischaft University of Technology
Universitat Stuttgart Loughborough, U.K.

June 1987
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COGNITIVE ENGINEERING

Jens Rasmussen

Risg National Laboratory, DK 4000, Roskilde Denmark

Different approaches to the study of cognitive systems can be identified. The AI
related 'cognitive science' is based on the information processing metaphor of
human cognition in an attempt to reach 'computational' models for behaviour in
well-formed micro worlds. Within the field of 'human-computer interaction'
studies have been focused on analysis of the communication across the interface
between computers and their users. Both these approaches have, quite naturally,
been guided by the architecture of present computers. Application of advanced
information technology in large scale systems, however, also calls for a more
system oriented approach. The paper briefly characterises such a ‘cognitive
engineering' approach and discusses an approach to analysis and modelling of

large scale systems.

1. INTRODUCTION

The evolution of advanced information technolo-
gy has had an immense influence on the studies
of cognitive processes of humans and artefacts.
Such studies have been approached from diffe-
rent point of view. First of all, the capacity
of computers for symbolic information proces-
sing has offered new tools for the study of
human mental processes and, in consequence, a
cognitive science has evolved which includes
the interaction between computer science and a
number of basic human sciences, such as psycho-
logy, neuro-physiology, and linguistics.

Other approaches to cognitive studies have been
caused by the wide-spread introduction of com-
puter-based tools for human work and leisure.
Computer systems are becoming intermediaries
between humans and their activities and, quite
naturally, studies of the interaction have been
approached from two sides. With the outset from
computer and software sciences, large efforts
are spent in attempts to match computer systems
to users under the label of HCI, human computer
interaction. This branch of cognitive studies
is  focusing on the user-computer interface
design. Another branch has grown from in-
dustrial engineering studies of human work, and
is dealing with the influence of information
technology on work conditions. This point of
view leads to the consideration of the proper
design of the total human-computer-work system
and the term cognitive engineering has been
suggested.

2. COGNITIVE SCIENCE.

The basic cognitive science is, in a way, deve-
loped by merging artificial intelligence
research with different sciences such as cogni-
tive psychology, neurophysiology, and linguis-
tics. The cognitive science approach is based
on the information processing metaphor of cog-
nition, and a general reguirement is that mo-
dels and theories shou!d be ‘computational’,

i.e., they can be tested by computer simula-
tion. For this purpose, Al research has pro-
vided many very useful tools.

To enable explicit, computational formulation,
cognitive science necessarily has to consider
well defined and separate cognitive functions.
Furthermore, - theories and models will be
strongly influenced by the available computer
technology. Until recently, the sequential
computer has been very influential, but ciear
trends toward parallel distributed processing
metaphors are now visible. The approach of this
cognitive science 1is, also by necessity, a
bottom-up approach aiming at modelling separate
components of the human cognitive system and
their performance in well defined 'micro
worlds'. The results are important for under-
standing human cognition and to identify pro-
perties and limitations of basic mechanisms,
but transfer to complex, real world context
will be difficult because human behaviour
during actual work depends heavily on the inte-
raction among the various basic mechanisms.

3. HCI, HUMAN-COMPUTER INTERACTION.

HCI, as a discipline, typically deals with the
interaction of users with computers in terms of

- general aspects of communication languages,

irrespective of the context of the work in
which the systems are used. Clearly, this ap-
proach is important for the development and
ergonomic optimisation of the interfaces of
separates tools such as word-processors, graphic
packages, spread-sheets, etc., which are in
general use and which can be cptimised indivi-
dually, just like a ball point pen or a t.pe-
writer can be optimised ergonomically without
considering what the topic of the writing is.
Users' interaction with such tools will typi-
cally develop into interface manipulation
skills, and the focus of research will be on
human perceptual-motor abilities. Consequently,
studies are well suited for laboratory experi-
ments by behaviouristic methods, isolated from
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the complexity of the actual work domain (not
without reason, the word processor has been
called the Skinner-box of HCIJ.

In many respects, user studies within the pre-
sent paradigm of HCI can be considered a deve-
lopment from the established 'ergonomics' or
'human factors' professions into a kind of
‘cognitive ergonomics'. This approach is, basi-
cally, a 'bottom-up' approach from the point of
view that proper design of the individual buil-
ding blocks of a system will make it possible
to assemble from these larger, effective sys-
tems. :

Such a technology-driven approach is necessary
for proper design and optimisation of the rapid
stream of new technological media such as mice,
windows, equipment for speech synthesis and
understanding, etc., and quantitative models
like the Card-Moran Key-stroke model are very
important in this context.

4. COGNITIVE ENGINEERING.

There are, certainly, a number of implications
of modern information technology for human
affairs, work conditions and society in gene-
ral, for which neither of these 'bottom-up
approaches' are adequate. There is a -general
trend toward large centralised installations,
not only for process systems 1like chemical
plants, but also for production and distri-
bution of consumer goods, for information di-
stribution and storage, for control of the
circulation of monetary values, etc. For such
systems, the potential consequences of human
mistakes and errors may be very large, and low
probability of such events may be required.
Therefore, .design cannot be based on direct
empirical evidence from accidents but has to be
Jjudged by predictive models of the human-system
interaction. Furthermore, automation tends to
transfer humans from all tasks that can be
formally described, to higher level tasks of
supervision, problem solving and decision ma-
king for which behaviouristic studies are in-
adequate. Instead, models of cognitive
functions in complex environments are needed.

This is typically the case when advanced com-
puter systems are introduced in support of the
dynamic decision making required for control of
process plants, manufacturing systems, etc.
However, the general trend toward 'integrated
work stations' for many professions makes this
problem very important in a wider context in
the future. Since the quality of human computer
interaction in these cases can only be judged
with reference to the ultimate system goals and
constraints such as productivity and safety, a
top-down approach to the analysis, design, and
evaluation of the entire system is mandatory.
In addition, an analysis of integrated systems
requires knowledge and methods from cognitive

psychology, control theory, and branches of
engineering. On this background, quite natural-
ly, the problem driven and system oriented
approach .to human-machine research which here
is called cognitive engineering, has also been
taken. The cognitive engineering appreach is
important not only to be able in advance to
Judge the potential for unacceptable consequen-
ces of system failure. Equally important is the
development of methods to analyse functionality
and user acceptance of large-scale systems
before expensive prototypes are produced.

5. RESEARCH PROBLEMS OF COGNITIVE ENGINEERING.

A number of basic research topics has been
identified as a consequence of the present
rapid technological development. In order to °
illustrate how close the problems in applica-
tion of information technology are to the pre-
sent topics of basic research, a few represen-
tative exaifples will be given (for details and
references, see Rasmussen (1) and (2)).

Several major industrial accidents have demon-
strated the difficulty of the operating person-
nel in controlling disturbances in large coms
plex systems. Consequently, the use of modern
information technology for more effective co-
ding and presentation of plant information in
support of operator diagnosis and intervention
has been widely considered, but has immediately
revealed a lack of knowledge and models concer-
ning basic human cognitive abilities and limi-
tations. We need to know more about the mental
models which will be effective for various
tasks and, therefore, should be taken as a
basis for display design. Likewise are the
differences important between mental models
supporting routine work and performance during
rare, risky events, and between the models kept
by experts and novices, as well as between
those of designers and operators.

Furthermore, models are needed of the basic
psychological mechanisms behind human errors,
together with identification of features of
work interfaces required for error detection
and recovery during routine work as well as
during unusual and rare work conditions. Opera-
tor mistakes made during diagnosis, evaluation
and planning for control of disturbed systems
are typically involved in most major accidents,
and systems for support of operators decision
making during such situations are needed. For
the design of systems leading to a co-opera- .
tive human-computer activity in problem solving
tasks, models of human problem solving strate-
gies and limitations are badly needed. In addi-
tion, we need to know much more about the
information necessary for operators to under-
stand and accept advice. When 'expert-systems'
are introduced to support operation during
high-risk situations, what are then the re-
quirements to the systems in order to gain the
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trust of users?

4

Expert systems are, in general, widely dis-
cussed as a means for making available the
know-how "of experts for less proficient deci-
sion makers. One of the halimarks of experts is
that they have . vast repertoire of' procedural
rules which makes it possible to go directly
from observed cues to heuristic rules of action
without painstaking analysis. However, in con-
trast to expert systems, human experts tend to
know the limits of their rules-of-thumb and,
furthermore, computers have no problems with
getting lost during complex information proces-
ses or becoming bored when repeating them
during frequent routines. It is, therefore, a
guestion whether decision makers (e.g., process
operators) should be supported by the heuris-
tics of similar, but more skilled decision
makers, or whether support in stead should be
given in the form of computer based tools for
actually performing model-based, consistent
analysis rapidly and effortless for the user.
We need research on the proper combination of
heuristic know-how and formal,.conceptual ana-
lysis and their allocation to humans and com-
puters in co-operative decision gaking in ac-
tual work when errors are costly.

The trend toward divergification of work as a
result of the automation-pf work routines, in
factories as well as offites, lead to a situa-
tion when a number of users or decision makers
are co-operating and communicating from 'inte-

grated work stations', sharing databases and

information sources. Several basic cognitive
model problems appear for advanced systems.
Decision making in social groups has so far
been studied either from the economic, manage-
ment theoretic (i.e., normative) point of view,
or from the social science (i.e., quality of
working life) perspective. What is urgently
needed is a cognitive approach to models of
distributed decision making in actual, comp lex
work settings. Such models should represent the
information and communication needs together
with the information processing models and
strategies of the different decision makers co-
operating in the control of an otherwise loose-
ly coupled work domain. Also, models are needed

of the cognitive processes as influenced by

e

different organisational structures and their
typical communication conventions and 'proto-
cols'. Al tools are readily available for expe-
rimental studies. However, field studies and
theoretical development are also needed.

Another important aspect of distributed deci-
sion making is the communication of intentional
information and value structures which is not
only necessary for goal setting and planning,
but  for understinding ambiguous messages and
for error correction in co-operative work. At
present, information system development is
focused on the collection, communication and
storage of factual jnformation on the work

domain. Work on representation and communica-
tion of implicit or tacit knowledge of inten-
tions, values, and motives is also necessary.
Early attempts to explore the potential of
computers for integrated management information
systems failed, probably because designers
mistakenly assumed that executive managers made
their decision based on factual information in
reports and statistics, whereas they in fact
spend most of their time exploring values and
intentions of other executfves in direct con-
tact by phone, meetings, and cocktail parties.

From these examples it appears that cognitive
engineering is a truly cross-disciplinary acti-
vity, involved in studies of the interaction
between humans and a complex environment. Be-
cause the approach is basically problem driven,
a typical feature is the aim to represent pos-
sible, effective functions and relationships of
advanced human-machine interaction and to de-
fine their limits. Cognitive engineering is,
in Herbert Simon's term (3), the science of the
artificial, and the objects of study are under
continuous change - as a result of the science
itself. It is, therefore, characteristic of
this field that basic research and application
are very intimately connected.

6. A FRAMEWORK FOR SYSTEMS ANALYSIS.

several different approaches has been taken to
analysis of complex systems. Early gttempts
have been based on cybernetic system theory and
aimed at an identification of the network of
feedback control loops involved in system
functioning together with an analysis of the
information flow necessary for system control
and stability. This approach has not had parti-
cularly visible influence on recent system
design,, probably because the cybernetic view
did not adequately consider the creativity and
the goal directed nature of the behaviour of
people and; consequently, of their organisa-
tions. Social systems are intentional, not
causal, by nature and the structure of the
information carrying network will be in uncea-
sing change.

Decision making means change and is depending
on alternatives for action and freedom to
choose. Decision makers are actually constantly
redesigning the system, and the role of the
initial system designer will be to supply an
envelop of resources and opportunities within
which decision makers can act without undue
constraint from system limitations.

System design will, consequently, not be direc-
ted toward a normative formulation of system
functions and preplanned work procedures. It
will, in stead, involve a careful analysis of
the means and ends of the work domain, the
required roles of human decision and control,
and the human resources called upon. As a basis
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for such an approach to system design and eval-
uation, we have suggested the following domains
of analysis. The dimensions of this conceptual
framework presented in the following sections
appear to be relevant for several application
domains:

The Problem Domain. This dimension represents
the environment of a human actor. Two distinct
types of representation of environments are
considered. One representation is in terms of a
network of means-end relations used for pro-
blem-solving. Three important conclusions for
interface design can immediately be recognized
from the problem space perspective:

* System design should not only be focussed on
familiar tasks with procedural support. Also
problem solving and 1improvisation  in higher
level functions should be supported effective-
ly. Means-end relations, therefore, should be
explicitly represented, not only implicitly in
terms of general practice.

* For such decision support, it is important
that the information of the subject matter of
work can be retrieved from different points of
view, defined by the mapping in the means-end
space, i.e., seen as means, ends, or function.

* Furthermore, this information has two diffe-
rent sources. Information on functional re-
sources and the actual state of affairs can be
collected and represented by means of rational
analysis of the work domain. On the other hand,
information on goals, ends, and intent will
have to include, in addition to institutional
goals and constraints, the subjective goals and
preferences of individuals. This kind of infor-
mation will be difficult to collect and to

farmalize. Generally: speaking, such “information

is "propagated through :social contacts in all
kinds of meetings and “gef-togethers, a mecha-
nism which is very difficult to replace by
computer-based communication.

The Decision JTask. This dimension represents
the different decisions and choices to be made
in terms of diagnosis, evaluation, goal set-
ting, and planning. Analysis in the domain of
the decision task is necessary for resolution
of important issues related to the user-system
interaction:

* Which set of decision functions are needed to
serve the overall task content of the user?
What is the appropriate role allocation be-
tween designer, user, and computer, considering
the different resource profiles with respect to
basic knowledge, state data, and processing
capacity?

* proper selection and grouping of the informa-

tion to be available 1in the various display.

formats depends on a careful analysis of the
actual decisjon task.

* When should messages communicated between
partners be interpreted as neutral messages, as
a piece of advice, as a recommendation, or as a
direct order? In systems with drastic conseg-
uences of mistakes, this raises some questions
regarding responsibility of ethical as well as
legal kind.

* What is required from this communication in
order to assure the understanding and acceptan-
ce by the user? Such understanding is not only
needed for the user to be motivated to use the
system, but is a prerequisite for the ability
of a user to detect his or her own errors,
erroneous messages caused by cooperators' mis-
takes, as well as violations of the basic con-
ditions of the system operation.

The Information Processing Strategies. These
strategies specify the possible, cffective
information processes which can be chosen by
the decision maker according to subjective
performance criteria. Analysis of the users'
repertoire of strategies is important for the
following interface design issues:

* Each strategy has a particular requirement
with respect to support in terms of level of
generalization of data and the mental model as

- reflected in the structure of display formats,

selection among displays to match strategies,
etc.

* It is important to support novices without
frustrating the expert. Therefore, different .
display formats may be needed for the same task
by different users.

* This may result in a great repertoire of
display formats, and support of the user's easy
retrieval of information in her or his prefer-
red form should be considered. In 'intelligent’
support systems, it should be possible to have
the computer ‘recognize the user's 'cognitive
style', given the relevant strategies and the
ways in which they can be communicated.

The Domains of Cognitive Control. Characteriza-
tion of the cognitive control applied by humans
involves a framework for describing the cogni-
tive resources and information requirements in
different types of human-work interaction,
which  depend on the level of training and
familiarity of tasks. The analysis of the
users' cognitive style is important for consi-
deration in the interface design:

* The configuration of a display is generally
designed to support the structure of the mental
activity. This means that the configuration in
familiar tasks should be related to the rules
of wusers' know-how. For support in problem
solving situations, the configuration should
reflect the structure of the problem domain.
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* The information given will be interpreted as

stereotypical signs gyring familiar situations.

The display surface will be manipulated accor-

ding to empirical rules. When problems arise,

information is to be interpreted symbolically
with reference to a mental model. This switch
should be supported explicitly in system de-
sign. )

* 'Direct manipulation' is typically discussed
with reference to manipulation of computer
functions directly from the display surface,
i.e., the goal is a proper mapping between the
configuration of display and computer
functions. Direct manipulation of the task
content should be considered by proper ‘exter-
nalization' of the proper mental model for
direct manipulation from the display configura-
tion.

The Role and Organization of -Decision Makers.
Different aspects of the organization of the
members of distributed decision making are
discussed, and a framework for systematic ana-
lysis of the architecture of such systems is
outlined. This domain of analysis is very im-
portant for the analysis of role allocation and
communication needs in different organizational
structures.

7. ENGINEERING;
A PROFESSION OF DESIGN OR ANALYSIS?

The conclusion of this discussion could be that
complex information systems should be designed
top-down from a thorough cognitive task analy-
sis. The view that design can be a well
structured process of creating a. suitable im-
plementation of a formulated goal in reality
appears to be wishful academic dreaming. In
general, design involves either up-dating of a
previous product, a creative invention from
some individual insight, or purely technology
driven development.

Basically, engineering professions are supposed
to be concerned with design of new tools or
systems and, therefore, research would be
expected on the problems of synthesis rather
than analysis. However, most part of enginee-
ring curricula are spent on analysis, not syn-
- thesis; for obvious reasons. In general, a new
artefact is a result of an invention, and the
subseduent artful engineering. Afterwards,
research adopts it as a topic for investigation
in order to formulate the underlying laws of
nature and to identify the limits of refine-
ment. Watt's steam engine was followed by ex-
tensive reseanch in thermodynamics to under-
stand the process and to optimise its efficien-
cy, and the 'governor' of the engine gave rise
to Maxwell's study of stability of control
loops. The field of study and source of data
have, of course, been the actually existing
worlds but the result has, in both cases, been

abstractions representing possible worlds and
their limits rather than the actually existing
worlds.

In the same way, the invention of flexible
information processing tools has given rise to

‘different system engineering sciences, the aim

of which is to explore the laws underlying
complex information processing systems and to
identify the limits of the possible worlds from
analysis of the actually operating systems. In
such systems, human agents will be in control
of a work environment through an intermediary,
a computer, which will serve to collect, pre-
process and integrate information for the
ultimate human decision. As it was the case
with Watt's rotating weight 'govenor', the
actual performance and its theoretic limits in
terms of stability and accuracy can only be
studied by taking the properties of.the entire
system into consideration.

Human abilities and limitations with respect to
information processing behaviour are closely
related to the way in which the individual
adapts to the symbolic information features of
the environment and cognitive engineering ana-
lysis will, therefore, have to be akin to
Brunswikian ecological psychology (4), focusing
equally and concurrently on human properties
and the causal texture of the environment, as
it has also been suggested in the framework
discussed in the previous section.

On this background it appears to be more reali-
stic to spend effort on a formalization of the
analysis and evaluation of a new system concept
than to aim for a formalization and control of
the desig: process itself. Mathematicians,
according to Hadamard (5), work by intuition
and afterward rationalize and prove the result.
Very likely, this is the natural way, also for
designers and, therefore, guidelines should be
focused on systematic evaluation to be a part.
of the design process, not on the creative part
of the process.

Evaluation of the quality of a new system con-
cept can be done by analytical and by empirical
methods. Very often, proposal of a new complex
system is met with the question whether a cost-
benefit judgement can be supported by hard
facts in terms of empirical data. This is a
jifficult question to resolve. The features to
evaiuated by empirical, respective analytical
wethods should be very carefully selected.

Empirical evaluation is, generally speaking,
only suited for separate functions or tasks for
which a reasonable level of operational skill
can be developed by the experimental subjects
and compared with alternative system designs.
For systems intended for decision support in
compiex -tasks, empirical evaluation is much
more difficult to perform in a convincing way,
because the experimental situation, to be rea-
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Tistic, will have many uncontrolled variables.
There will, therefore, be no stop rule for

considering whether adjustment of the experi-
mental conditions is necessary, if the result
is not in accordance with the intuition of the
experimenter. Consequently, the danger exists
that conditions are readjusted until the
results correspond to the experimenter's pre-
dictions. This 1is a general problem in
research, compare for instance with Kuhn's
discussion (6) of the fact that chemical
research found broken numbers for atomic
weights, but only up to the day when theoreti-
cal considerations showed they ought to be
whole numbers. This trend will be very pronoun-
ced for experiments with complex information
systems.

Analytical evaluation requires an analysis of
the actual work domain and of the cognitive
task elements, as described in the previous
section, in order to be able to judge the match
between system requirements and users' resour-
ces and preferences. Such an analysis will be
resource demanding, and it will be unrealistic
to request a full scale cognitive task analysis
from scratch for every system evaluation. It
should, however, be possibly to analyse a
number of representative. application domains
and to formulate a set of prototypical workset-
tings as 'default-frames' which can be up-dated
by specific analysis for a particular system
evaluation. In addition, such prototypical
domain descriptions could serve to give desig-
ners a more well-founded intuition for the
creation of new systems.

It follows from this discussion that system
evaluation should be planned as a careful com-
bination of empirical and analytical methods.
Several levels of evaluation will be necessary
and, in general, empirical approaches will be
useful mostly at the lower levels. Separate
experiments are useful for verification of
compatibility with anthropometric features and
with the capacity of sensory mechanisms. For
this evaluation, empirical data are, to a large
extent, available in the form of check 1lists
and human factors handbooks, Other features,

such as the consistency and understandability. .

of interface features, will require specift
empirical evaluation by methods currently” de-
veloped by HCI research. Finally, f€atures
related to evaluation of the semanti€ informa-
tion content supplied by a system and the deci-
sion processes they are intended €o support vil
have to be evaluated analytically, as discussed
above. -

A major problem in system evaluation is, at
present, the prediction of user acceptance and
of the the propagation of changes through -the
organization when a new major system is intro-
duced. To be successful, a new system has to
motivate its users to explore its capabilities.
This acceptance depends on the subjective cri-

-~

‘J. Rasmussen

teria adopted by users for judging a number of
informal properties of a system and its effect
on social relations. We have, at present,
neither . theories suited to support analytical
evaluation, nor methods for empirical studies
in the conceptual phase of system development.
Research is needed in this area inbetween cog-
nitive engineering and social sciences.

8. CONCLUSION.

The conclusions of the arguments offered in the
paper is that a system oriented research effort
is required in addition to the present research
within the paradigms of cognitive sciencs and
human-computer interaction. Research in repre-
sention of knowledge about complex, open do-
mains, in human cognitive mechanisms and stra-
tegies for control of actions in such complex
worlds, and the cognitive architecture of col-
laborative decision making are among typical-
topics which will have important implications
for proper use of information technology. for
this research, it is important to consider that
a special tradition in Europe jJ - phenomenolo-
gy, semiotic analysis, and for .ask analysis in
complex settings exists, which can have very
important contributions to offer.
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A model of sentence processing is outlined. It reflects to same extend human
strategies in text comprehension. The main differences in comparison with AI
approaches are (1) in the immediate access of words (or word groups) to their
conceptual representation in memory and (2) in how conceptually organized back-
ground knowledge interacts with the text inputs.

1. INTRODUCTION: Approaches to the trans-
Lation problem

The present paradigm of language comprehension
is mainly the result of interaction between
computer science and linguistics. The develop-
ment of this interaction can be observed in
different approaches to the translation prob-
lem. At first it was assumed this task could

be. solved by substituting given words or utter-
ances with equivalents of the target language.
As the ALPAC report (1966) indicates, this .
approach fell through very soon. Language, it
was said, was a highly structured entity with
interaction also going on between non-connected
words. A much gore sophisticated approach was
developed on the basis of Chomsky's paradigm.
So-called ATN parsers were developed (Wilks (1),
Simmons (2)). They had a high potential in re-
cognizing structural dependence and interaction.
Language families like LISP or (to scome extent)
PROLOG are well-equipped to manipulate tree
structures or transformations within or between
symbol concatenations. Yet the translation
problem is still unsolved. Why?

Even though we do not have an answer either, we
can offer our knowledge of a system that could
give an answer: the cognitive machinery of the
human brain.

In what way is Chomsky's approach different
from what we can learn by investigating the
strategies of man?

Chomsky's assumption that grammar includes
semantics (and, as a result, the understanding
of meaning) might be wrong as a general claim.
We saw in our experiments (Kempe, 1987, un-

. published) that subjects (1) first try to
identify the conceptual background of an utter
ance; and (2) if the result is ambiguous, a
process of using grammatical rules begins to
operate (e.g. case markers for differentiating
the agent vs. the recipient in a sentence like
Den Vater pfl die Mutter). Another implic-
itly given presupposition in AI models is that
camprehension is restricted to words and their
possible transformations and concatenations.
The memory store in artificial parsing is sub-

divided into files of word classes ard rules
for word transformation. Experiments on concept
identification (Hoffmann, Ziessler and Grosser
(3); Hoffmann and Ziessler (4); Preuss (5);
wolf (6)) show that there are '"sub-symbolic
processes", which allow comparing, activating
or inhibiting conceptual properties after their
activation by words. It is obvious that simi-
larities between words (like TANNE and WANNE)
are quite different from those between the
conceptual background (like TANNE and EIBE).
There is knowledge behind the words, which
governs a good deal of the understanding of
meaning. Language comprehension also happens
beyond language representatiorr in human memory.

2. ON KNOWLEDGE REPRESENTATION: Computer
oriented.vs. human oriented representation

A most promising new look at computer oriented
text comprehension was provided by the storage
of a somehow conceptually oriented knowledge
base. Several prototypes have been developed:
Collins & Quillian's model (7), Simmons'
approach (8), and the Schank group's approaches
(Schank (9); Riesbeck (10); Goldman (11)).
Collins & Quillian's approach, which is suit-
able for some kinds of disambiguation of word
meaning, uses three kinds of relations between
words: pointers between sub-superordinated
concepts, AND and OR connections, and MODIFIERS
like adjectives that are attached to words.
Simmons' approach (like Norman & Rumelhart's
(12)) mainly uses three other classes of con-
nections between the type nodes of a semantic
net: agent comnections (related e.g. to GOAL
and IOCATION), attribute attachments (like
PART, POSS, SHAPE, SIZE etc.), ard quantity
specifications.

Sentence comprehension ends in a set of lists
with a node code, the words, and addresses
that point to another node. So, the sentence
can be mapped in a graph structure. The idea .
of Schank's approach is to view conceptual
knowledge in a more sophisticated way. It
differentiates between (1) ACTIONS, (2) STATES,
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and (3) TRANSITIONS between states. The main
idea is to resolve actions into elementary
units, whose composition allows reconstructing
any compound action. Among the states are emo- .
tional shifts, POSS(ession), LOC relation, etc.
The case world of the gram'natical approach is
widely used.

Like others in this fleld all three approaches
have in cammon that the knowledge base for:
language comprehension is a composition of
words and relations between them. The question ,
is: can this be a model of what happens in man?
The unmentioned procedures of the parsers are
highly sophisticated; expensive backtracking
procedures after misleading steps are partially
automated, inference rules are sometimes inte-
grated in, and sometimes separated from, the
knowledge base. It might be advantageous to
neglect the human touch of sentence (or text)
understanding since human parsing is more pains-
taking and does not encourage AI researchers to
look for that aspect, but - as logg as this

has not been proved, the opposite may also be
true, at least in some respect. And it is the
purpose of our investigations to find out pre-
cisely in what respect this may be true.

3. CONCEPTS, CONCEPT RELATIONS AND INFERENCES

The following claims and statements are sup-
ported by a large number of experiments carried
out by Van Der Meer (13a, 13b), Preuss (5),
Wolf (6), Karzek (14), Ricken (15) and Beyer
(16). Summaries were given by J.‘Hoffmann
(17a, 17b) and F. KLix (18a, 18bj.

Beside the ability of human mental activity to
produce images of perceived or perceivable ob-
jects, the knowledge base of human memory
consists of concepts and concept relations
{some of them are named), of operational rules
as to how to use that stationary architecture
to find answers in view-of problems, and of
rules for expressing the results of such pro-
cesses in verbal form, written or inserted in-
to a communicative act. The interaction be-
tween the stationarily structured knowledge
base and suitable operaticdns is - in the area
of phenomena - called thinking. In this con-
nection, we are trying to explain how these
two components also interact in language com-
prehension processes.

There is sufficient evidence to show that we
have to distinguish between three families of
conceptS'

(1) Concepts representing classes of objects
like BIRD, SHARK, ROSE, BIRCH, PIANO, etc.
Words that denominate these concepts are attach-
ed to a (non-closed) set of properties that
allows describing these concepts and that re-
sults from (averaged) sensory inputs like the
COLOUR, SIZE, and FORM of a given class. As
memory entries, properties deperd on a person's
age, his interests or special training effects
in a given area of knowledge.

(2) Concepts that describe events and classes
of situations in their coherence in space and
time, and possibly including the speaker as an
agent or recipient. Event concepts are defined
by a semantic core, often a verb (like TEACH,
SELL, EAT, or PLAY); but not exclusively so
(like TREATMENT, CHESS or VICIORY). The seman-
tic core is the source of a set of semantic
(case) relations like AGENT, RECIPIENT, OBJECT,
INSTRUMENT, and PURPOSE, which stress proper-
ties of contepts, possibly be linkable by the
relation: respective the relevant OBJECT pro-
perties of 'piano' are stresseéd differently by
events like 'OCONCERT' or 'MOVE'. General ob-
ject properties,which are emphasized by the
particular relation, place constraints on the
selection of appropriate words for an utter-
ance. Event concepts also include transitions '
betwzen object properties, like 'CUT' or
'BREAK' .

(3) The third class comprises sequences or
coricatenations of events like 'VACANCY',
'ADVENTURE', 'SHOPPING', etc. Cbnoeptual links
between events are, in general, mappings of
goal-oriented activities that involve physical
or social conditions, causality, changes in
life-space, and temporal perspective. When be-
ing described, oconcepts of this kind often
require compound sentences or sentence conca-
tenations that are linked by words expressing
time or condition, like 'while', 'since',
'although', and 'afterwards'.

The second main part of human memory is the
éperative machinery: the set of procedural
modules, operators and rules that allow mani-
pulating stationarily stored entities like
concepts or properties.

Operations concerning conceptual properties
are: suppression (or inhibition) of properties
(which allow producing superordinated concepts);
unfolding of properties (which allow producing
subordinated concepts); comparison procedures
(which allow detecting ocoordinated concepts by
tracing and camparing joint and different pro-
perties (like ‘carp' vs. 'shark', or 'mushroom'
vs. 'rose'), and also allow detecting synonyms);
and, finally, there is the possibility of
emphasizing specific properties (which, beside
other phenomena, allows detecting or producing
antonyms, comparatives , or additional proper-
ties).

Event concepts allow detectlng truth values
(TO DRINK demands 'ANIMATE' as a property for
all agents; STONE or BUILDING would be un-
acceptable). Semantic relations allow forward
inferences by concatenation via PURPOSE: to
BUY in order to GIVE. And conceptual event .
sequences allow inferring backward conditions,
causal relations or violations of space and
time dependence. Other kinds of cognitive ca-
pabilities, like derivation of metaphors or
analogical reasoning, are derivable as com-
pound inferences. (Meta-level rules like de-
duction or induction, the role of complete vs.
incomplete information, or differences between
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areas of physical and social knowledge go be-
yornd the scope of our discussion.)

After having outlined stationarily as well as
procedurally realized perts of human memory,
we use this means to construct a model of
sentence comprehension and (finally also) of
text comprehension. Several times the idea has
been mentioned in eye behaviour investigations
(Groner (20); Klix et al. (19)) and is now be-
ing spelled out in detail; human language
understanding is a process that changes be-
tween parts of the text input and the con-
ceptually structured knowledge base of the
user,

4. OUTLINE OF AN APPROXIMATIVE MODEL OF
HUMAN TEXT (SENTENCE) OOMPREHENSION

The model that is to be outlined here is part-
1y supported by data about human text process-
ing and partly derived from hypotheses on what
we know about the organization of conceptual
nmemory, and realized in an AT computer. The
deviations from what we kndéw about the AT
parser are important: the usual procedure in
Al sentence comprehension is the processing of
the simultaneously represented word chain from
left to right: Having checked the first noun,
article and adjective loop, we apply the rule:

L «Mhe first noun is the subject' (unreliable in

German).: then we go on to the verb phrase,
checking whether it is transitive or not,
opening the next slot for an object or a pre-
positional phrase: then checking the infiec-
tion properties; etc. )

Human parsing usually takes some other course.
There is (in general) direct access from words
to concepts. The first step (now in the model)
is looking for the first event concept, usually
a verb, either complete or auxiliary (fram 'TO
BE'). This is followed by an internal activa-
tion of the possible semantic relations in
this sequence: ‘MAIN AGENT (linked with its
most generally allowed properties), RECIPIENT,
OBJECT, INSTRUMENT and, eventually, FINALITY

- all with their general properties, and FIN
refers to possible goals or motives of the
agent. These relations open a particular file
and here point to (the just mentioned) most
general properties (which are assigned to the
particular superordinated concept): these pro-
perties function as a restricting condition
(e.g. if the event is CQOOKING, the AGENT
PROPERTIES demand an adult agent, the restric-
tion for EAT is human being; the OBJ for
COOKING is a marked subset of food (excluding
e.g. bisquits);LOC is a subset of rooms (ex-
cluding bath or toilet); FIN {(or PURPOSE) is
goal related to 'for eating', whatever the
special kind of eating may be). This procedure
is a latent activation process, after which
the words of the input sentence are concep-
tually recognized as members of the file in
question, e.g. in terms of their semantic

role. The activated most general properties
allow realizing whether there are violations of
the selection restriction thus defined. In case
of OOOKING, concepts like Doctor, Teacher,
Mother, Aunt, Psychiatrist, Murderer, Thief ...
all are accepted since they represent adults,
but Baby or an animal are not accepted as
agents. On the other hand, Baby is accepted as
Recipient, but rejected as Object, where a
specified subset of animals or plants is ac-
cepted. In short, the unfolded semantic core
allows identifying (in principle) the (possible)
semantic truth value of a written statement.
Since all input words are mapped onto the re-
striction grid it is al®o possible to recognize
restrictions that depend on more than the "most
general set of properties": a doctor is allowed
to teach at a hospital and to teach how to
sail, he is allowed to teach therapy at a
hospital, but is not allowed to teach how to
sail there.

The next step in the (human) model procedure is
a refinement of this crude semantic structure:
adjectives are identified as (possible) empha-
sized properties of object concepts, and ad-
verbs are of event specifications. They are
attached to their particular reference concept.
This refining procedure ends the first phase of
the model procedure. The next steps are option-
al. wWhich of them is carried out depends on the
self-controlled or induced 'camprehension in-
struction' of the reader. The background to
these optional devices is the simulation of
some kind of metarule: what step of comprehen-
sion is needed to realize the given recognition
requirement: for being vaguely informed, answer-
ing a question, or translating a sentence.
Below, we will indicate several possible paths
that can be followed:

A; If the sentence is divided by a comma or
"UND", a referential analysis starts (after the
identification of the first structure around
the event concept). The procedure is forked:
(1) a possible forward inference is due to a
purpose (FIN) reference: 'um ... zu", which
allows relating a subject-free sentence to the
first event concept: "Er schlachtete ..., um
das Fleisch zu verkaufen ...".

(2) A backward inference due to the identifica-
tion of conjunctions like "bevor", "obgleich",
"wihrend", "weil”, "so ... daB" etc. allows
realizing time dependence, conditions or causal
relations. The procedure interacts with the
referential attachment of pronouns.

B: If the self-instruction for comprehension
Qemands a time analysis (e.g. in answering
"WHEN'" questions), a subprogram is started that
asks for grammatical cues that allow finding
out (1) whether the time is past, present or
future, and (2) if so desired, which of the
linguistic pasts or futures are expressed (e.
g. the cues "HATT" & ""GE" identify past per-
fects).



