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Summary

Advanced production technology is not only characterized by higher automation of production flow and control, but more and more measured at the
level of the ergonomics of man-machine interaction. Although much effort has been devoted to user friendly design and improved interface techniques,
today’s systems do not take into account their individual user’s problems and tasks. One possible answer to this problem is the design of ‘cooperative’,
adaptable or adaptive user interfaces. The idea proposed is to adapt interface behavior (presentation and dialog control) on account of individual user
differences or user problems, by reasoning about user intensions in situational work contexts.

This paper presents the theory behind and an approach for design of adaptable/adaptive human-computer interfaces for software applications in the field
of production technology, exemplified by a shop floor technology planning tool.
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1. Foreword

1.1 Introduction

Increasingly exigent demands for higher productivity and enhanced quality in the
field of international competition render it essential for companies to use complex
and versatile information processing components. In selecting appropriate
systems, the technology itself is only one of the aspects involved. The successful
use of modern-day information technology depends increasingly on the user-
friendliness of the computer-supported systems concerned, and their acceptance
by the human staff involved.

1.2 Motivation

Adequate human engineering in production processes has been the subject of
numerous papers in recent years, focussing predominantly on approaches for
improving operability by means of appropriate design measures in the software
([F487]) and hardware ([Ba88]) of computer-supported components in those
systems closely involved with the actual shopfloor manufacturing process. Tho
results achieved here make a significant contribution to improving the ergonomics
of present-day computer components.

Future systems, however, pose wider-ranging requirements for human/computer
interaction. Previous approaches saw the human staff solely as operators of &
technical system (e.g. & machine, a control system, etc.), so that the people
involved frequently had to perform only simple, undemanding tasks. More recent
approaches increasingly recognize how efficaciously human capebilities can be
utilized for the production process, and therefore attempt to integrate a
company's human resources more effectively into the process concerned
(keyword: autonomous, independently responsible action) (cf. [Ho92], [Mi92])
(Fig. 1).

How the human operator’s role in the production process will change

Fig 1.

For the human operator, this approach entails tasks of a fundamentally new
nature, such as (parallel) performance of relatively sophisticated activities in
integrated workplaces (planning, programming, ftesting, etc.). Efficacious
execution of these tasks depends largely on how efficiently the human operator
interacts with the machine concerned, a context in which intelligent computer
support is becoming increasingly crucial, Unfortunately, inadequate attention is
given to this requirement in present-day user interfaces.

1.3 Objective

The aim of this paper is to present an approach for intelligent support of
human/computer interaction in the context of software applications for
production engineering. The central ideas are explained in terms of a concrete
example. The underlying theory of adaptable user interfaces is briefly outlined.
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2. Typical application

In order to illustrate the problems involved in human/computer interaction, a
typical example from & manufacturing context will be adduced here: a system
used in the production engineering laboratory of Karlsruhe University for
shopfloor-oriented technology planning.

The configurable technology planning system ("TechPlan"), developed at the
Institute of Machine Tools and Production Science, supports knowledge-based
work planning: the user is guided through the planning sequence by means of
simple softkeys, with each step in the planning job (e.g. chucking tool selection,
machining strategy specification, etc.) being solved by knowledge-based methods.
The result of technology planning is a machine-oriented NC program for turning
and milling cells (cf. also [Ev91]).

One of the planning steps, for example, is specification of the machining range. In
outside tumning, the user must first define the horizontal boundaries, and then the
vertical ones, The interaction problem now lies in the mechanism provided for
entering the boundary pairs invelved in each case. Irrespective of the capabilities
or working habits of a particular user, the system always “dictates” the same
entry sequence and entry technique (see Fig. 2). While a novice would at first be
pleased to be given more guidance for the entry procedure, practised users, with
their own working methods, would be more likely to want to specify their own
entry sequences.
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Fig. 2:  Typical example of the TechPlan technology planning system in use

3. Approaches for user support

Various papers in the field of user interface design over the past years ([BaSc88])
have dealt with the modalities of user support in a system interaction context.

Basic approaches have already been tried out in a number of different
applications, and today form an important constituent of modem-day
man/machine interfaces (Fig. 3).

These approaches, however, exhibit a variety of deficits.

The idea of standardized and/or individualized interaction mechanisms is to
reduce the learning outlay by communicatory transferral of the learning successes
achieved. This approach focusses primarily on the interaction problem, i.e.
operation of the system, and less on the objective problem, i.e. representation of
the task involved (cf. [St88]).
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The use of help systems aims to improve a system's learnability and self-
explanatory capabilities. Here, the assistance offered is designed without
reference to the user, i.e. each time a problem occurs, the assistance offered will
be the same (lack of user/task referencing).

The purpose of extended dialogue mechanisms is to help to improve a system's
operability by offering different forms of dialogue. But this overlooks the fact that
functions of this kind are advantageous only if the user already possesses basic
knowledge of how to operate the system and of the dialogue alternatives on
offer.
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Fig. 3:  Approaches to man/machine interaction support

4. Intelligent support mechanisms

To demonstrate user- and task-supported man/machine interaction, an adaptable
user interface for the TechPlan technology planning system was developed as an
example. After the requirements had been analysed, two intelligent support
systems (the Dialogue Assistant and the Tutor) were designed and implemented.
Figure 4 shows how the support components are integrated into the TechPlan
user environment.

4.1 Determining the requirements involved

The requirement profile for an intelligent user support system was determined
within the framework of a comprehensive analysis, in which the TechPlan
technology planning system and six other of the institute's shopfloor-oriented
software systems were examined. The aim here was to investigate the particular
features of the user group concerned, of the field of application, and of the
operating technologies employed, and then to identify the specific problem areas
involved, like user qualifications, operating defects, etc. (Fig. 5).
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Fig. 4:  The adaptable user interface of the TechPlan technology planming

system

The next step was now to use the characterization of the target systems as a basis
for formulating the concrete requirements which an operator-supportive user
interface must meet,

Against the background of extremely heterogeneous user profiles and differing
task definitions, a general demand emerges for a user-referenced, task-oriented
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and situationally appropriate response capability. The particularly wide variety of
different user qualifications and operator capabilities in the shopfloor area entails
a concomitant requirement for a more flexibly conceived dialogue facility. In
order to meet the needs of an increasing number of users with low operator
qualifications or even none at all, the support approach must aim to enhance the
goal-directed aspects of the learning process. To increase the efficiency of the
help functions in terms of better cooperation between the support system and the
user, the form of support features offered must be individually tailored to the
level of knowledge possessed by the actual user concerned.
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Fig. 5:  Problem areas for shopfloor-oriented computer sysiems

42 Concept and implementation

The requirements involved form the starting point for designing and implementing
intelligent support mechanisms for an adaptable user environment. For this
purpose, recourse was had to extensive previous work carried out at the institute
in the field of man/machine communication (cf [L689]), and reference was also
made to various papers with similar subject-matter (cf. [GOT89] and [Ho91]).

Within the framework of a basic research project, tools for creating adaptable
human/computer interfaces have been developed at the Institute of Machine
Tools and Production Science (cf. [SFB92]). A distinction is made between two
different levels in this context. Appropriate modelling tools have been developed
to determine the adaptation requirement. Intelligent system behaviour is
operationalized by adaptable support components.

4.2.1 Support components

Two intelligent support components have been developed. One of these is
graphics-based, and serves as a visual aid, while the other component is text-
oriented, and possesses an informative function. Both components have been
designed to be application-neutral, for adaptation to the specific needs involved in
technology planning during actual use.

The Tutor component

The tutor component constitutes an information-based support component. Its
job is to provide textual information for supporting the user in establishing,
extending and correcting the mental model.

The tutor possesses various functions. The mavigation function utilizes
instructions and warnings to implement a system-side user prompting feature in
the event of deviations from target. The incorporation of explanations and
reasons for particular dialogue situations serves to clarify the questions involved
and to establish and extend the user's mental model (explanatory function).
Within the framework of the control function, an option has been implemented to
enable users to execute various adaptation settings themselves. The training
Junction has been developed with a view to expanding knowledge of the system,
providing detailed explanations and comprehensive examples enabling users to
comprehend the intra-system constraints and the specialized causal relationships
involved.

In addition, graduated tutor responses provide an option for imparting the
information on offer to the user in appropriate steps. The sdvantage of this
method is that it avoids repeated presentation of the same tutor information in the
same context, and increases user attention over a lengthy period.

Figure 6 shows the specification of the tutor component, and a typical tutor
response after the boundaries of a machining range have been incorrectly defined.
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The Dialogue Assistant component
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adaptation of the user interface: this component provides two different basic
functions, the dialogue configuration and the dialogue browser functions.

Within the framework of the dialogue configuration function, the Dialogue
Assistant component is designed to render the system's operator oont_rol
behaviour more flexible, with dynamic variation of interactive prompting ensuring
user-tailored responses. :
The dialogue browser function incorporates a graphical visualization tool ﬁ:_:r
depicting and controlling dialogue sequences. The requirement for a tool of this
kind is entailed by the frequently high complexity of dialogue structures (long
dialogue paths, large number of dialogue contexts) in shopfloor applications.
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The option for graphical depiction of differing dialogue structures represents an
efficient enhancement of the tutor component (in connection with the training
function, for example).

Figure 7 shows the specification of the Dialogue Assistant component, and an
example of system-supported interactive prompting for selecting the machining
strategy.

The Tutor and the Dialogue Assistant have been implemented in the form of open
software components in the C programming language, utilizing sophisticated
software development tools. The TechPlan application presented in this paper is
currently running on a DECstation 5000 under the Ultrix operating system.
Further developments of the system aim at porting onto a shopfloor-oriented
system, preferably featuring control of the turning/milling cell itself.

4.2.2 Modelling tools

Intelligent use of the support systems presented above in software applications
muhaﬂa-n@ngﬁwd&mht«&mhwsmmmk
user interface provides the requisite foundations (cf [Lo89], [BTN90] and
[NoSt89]).

The essential characteristic of an adaptable user interface is the ability to adjust to
the individual needs of different users. Depending on the previous knowledge, the
experience and the skills of the user concerned, and taking into account his or her
goals and purposes, it is able to alter their appearance and their behaviour to suit
the user and the task involved.

A distinction can be drawn between two basic variants of adaptsbility in
adaptable user interfaces, depending on the source used for triggering an
adaptation: if the user is the initiator, this is referred to as adapted adjustment,
while a system-side adaptive intervention is called adaptive adjustment,

The adaptive system adjustment facility, in particular, is based on intra-system
modelling of characteristic information on the user and his or her tasks. The
associated models are referred to as the user model and the task model.

During & session, user inputs and system outputs are logged and filed in the
appropriate components (user modelling component and task modelling
component). Utilizing a strategic decision-making component (strategy
component), the support requirement is determined and the adapted system
responses are triggered (cf. (Zi91]) (Fig. 8).
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Fig. 8:  Principle behind an adaptable user interface

The idea of the user modelling component is to describe the user in terms of his
or her interactions with the system. For this purpose, information obtained from
the dialogue, ie. user inputs and system outputs, are stored in memory
(interaction log) and evaluated against predefined criteria. The aim of maximizing
the precision of user characterization in the environment of the application
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involved can be implemented, for example, by classification into stereotypes
(novice, advanced user, expert, etc.) (cf. also [KoWag9]).

The purpose of the task modelling component is to describe the user's tasks,
wishes and problems in coping with the job involved. For this purpose, utilizing
internal representation formalisms, referred to as action plans (e.g. [Ma86]), user
interactions are analysed during the session (action plan tracking) and checked for
permissibility or goal-directedness. By deriving hypotheses on the user's goals,
intentions and problems (e.g. "Tool not suitable for selected machining job"),
clues are obtained enabling conclusions to be drawn on the causes involved (e.g.
"Mental model of the tool/machining process relationship is incomplete™).

The strategy component implements a framework for describing strategic
decision-making knowledge in selecting adapted system behaviour. Using a logic-
based system of rules, the user model and the task model are dynamically
evaluated, and the degree and nature of the support requirement determined. This
results in activation of memory-stored intelligent support mechanisms designed to
provide the appropriate form of assistance.

Implementation of the adaptable user interface was based on an extended
architecture for user interfaces Figure 9 shows the structure of the system
components and the data flows for information exchange.

4.3 Empirical findings

The support components developed have been tested and evaluated within the
framework of a field trial in the Manufacturing Engineering Laboratory: test
persons with differing knowledge of the system (novices, users with brief
training, advanced users and practised users) were asked for their reactions after
working with the intelligent support mechanisms,

The test candidates gave a generally favourable rating to the adaptable user
interface. The Tutor component's ability to offer problem-oriented explanations
and instructions was perceived as very helpful. The idea of dynamizing the
dialogue sequence, originally greeted with scepticism, was generally accepted by
the test persons involved.

Notable features included keen interest (particularly from the beginners) in
learning how they personally had been graded in the user model, and the resulting
motivation to improve their performance. There was, too, adequate discussion of
the user data stored in memory, and coding procedures were tested for a real-use
scenario.
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Fig. 9:  Architecture of an adap user interface

5. Conclusions

The aim of this paper was to present an approach for improving man/machine
interaction by means of intelligent usage mechanisms. For this purpose, an
adaptable user interface was developed, capable of implementing adaptive system
behaviour on the basis of user and task models. The most significant performance
features of the support mechanisms developed were efficient support of the
learning process and optimization of the operator control behaviour by means of
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user-adapted dialogue control. The field of application for the system described
lies in the area of technology planning, which must be seen as a subsystem within
a sophisticated, integrated shopfloor workplace.

The approach presented opens up a broad spectrum of possible applications.
Against the background of more closely integrated production areas, use in the
field of groupwork-supportive man/machine and man/man communication would
be a very promising approach. In this context, adapted forms of dialogue could
help to improve problem-related communication between different departments,
and intelligent coordinatory and control functions could provide optimizing
support for work in distributed teams.
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