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Abstract

The present paper considers the nature of interaction in man-machine systems with special
attention to.the role of dialogne Based upon this understanding, a comncept of ‘dialogne
expertise’ is derived as a speafic fanlity for mediation In particular, it s the ability Lo
mediate between user and syslem soc as o (one way) map operatar abjectives onto svilem
functions. and ithe other way) express system states in terme which are meaningfal to the
sperator This leads to the view that dialogue expertise w0 feaxible in man-machine systems
through the use of fanctional separation m the design of interface systems.

1 Introduction

The clearly felt need to improve the quality of interaction between man and machine in complex
control systems rightly focusses attention oxn the system mterface. Located between the operator
and some application/ process to be contralled, the interface can be ragarded as a mediator
betwesn the two  As such, it fills ts pnmary role by relaying control actions from operator to
procass and by presenting process state information to the operator. Although thie captures the
gross detail of 1nteraction, 1t does not do jostice to the complexity of mag-machins interaction.

The purpose of this paper 1s to provide a more detailed view of what is involved in interface
mediation, 1. , the nature and sub-functions mvolved 1o human-computer mteraction (HCI) In
what follows, | detail the role of the system interface as such a mediator and propose a concept of
dialogue expertise’ which, if explicitly embodied 1n man-machine systems. promuses considerable
benefits for human-system Interaction.

2 Interface Mediation

Interaction betwesn man and machine can be viewed from a vanety of standpoints. Some authors
urgs that the actwvity of human-computer interaction be viewed 8s & process comparable with
human-human communication (¢.g., [SR33], compare (BCMB89]). The naturalness of communia-
ton, 1.2, how closely it resembiles human-human interaction, will certainly affect the attitude of
the human participant. although not always positively

Where a distmetion can be drawn between available syslem functionality (the use for the
system| and the nature of system interaction, a natural style of interaction runs the risk of
users over estimating the mtelligence and capabilitiss of the system -. Furthermore, some who
advocate natural languags mteraction as a toost to the quality of HCI (cf  [SRS8]| neglect the
faci that most computer svstems offer a very limited range of services, thereby requirmg a quality
of interaction which is mevitably restrictive in comparison to the multi-purpose interactive scope
affiorded by natural language

(Concarn in the present paper is not with the naturs of interaction in the above sense of “style’.
but with the functional aspects of man-machine operations. In particular, we focus on the concept
cf dialogue and what this sonsests in for man-machine interaction.

1 Tn examples of ‘conversational syyiemm’. whers thers » po accesmible functionality beyond the guality of system
mteraction. this may be less of a problem (=g ELIEA [Weigs] |




A wimpls sense of ‘dialogus’ covers all overt aspects of man-machine interaction 1= the
nput setivity of the user/operator, and sutput, both visual and aural. from the system. This is
the gross level of interaction, described above, Yet. there 15 cleacly more involved in the process
of man-machine \nteraction than such primary 1/o. In sny complex interactive system we can
identify three conceptually distizct comipopents

s nresepiation,
& applicatzon.
e ipediation *

On the one hand, we have the actions of the user or operator. These actions |t ormussions)
constitule user nput [or its absense! Of » similar otdes 1o such mput, = the output from the
computer system itsell This may take the form of text. graphical images or some other varet
of computer expression. such as annunciator signals, beeps or flashes Such cutputs are on a pur
with operator input because together they constitute a first jevel of interacucn between user and
computer systam This 15 the level of input and cutput (U/o), where the nser prescats hey actione
o the svstem and the system presents ns fesponses 10 the user For this reason we may =all the
the presentation laver?

Ou the other hand somewhere conceptually behind this layer of presentation the aclions of
the operator are directed toward some functionality which he is trying (o manipulate. In a control
systemn the opesalor's aztions are directed towand an effect on the process [o & database system,
tne uset action would be directed towards retneval of some information. Whatever the dommun
the mvocation of sne fonctiosabty which lies ‘behind” Lhe presentation layer b the mmedats
s5jective of the user mteraction

Note that such mampulaon = a0t the mmmedmte «ffect of mueraclion The immedats ofec:
usually [es at the presentation level and is bkely to be some ackpowlsdgement of user mput
perhaps by echoing the mput to Lhe operator s display screen. The primary role of the presentation
Inyer 1o service the user by giving access 10 the ‘remote’ facility (process. database or whatever)
sc that be can manipulate it 1o some way and be appramsed of any result or ~ffects of his action( =}
The functonality whick the operator accesses through the layer of i/o at the presentation level
w+ call the application. Ordinarily. this apphicatioc » not itsell a part of the interface. More
appropriately. mamipulation of the application = the reascn that the user reguires the mterface

Thiw coccepts of presentatios and application are sdequaze for ag andsrstanding of the naturs
of many mternctirve computer-based rvstems partcularly where there s a sumple mappag from
items in presentaling to application fusctions On the other band if access to wur= elaborate
combinations of application functions are sought this requires an additional conceptual realm for
the interacticn. To presentation and appbeation we must add the realm of medistion Ths
mtermediate realm of nteraction affords & mors complex mapping betwesn presentalion and
functions in the application Y. The best wav to understand these concepis is through examples
Several illustrations can be drawn from stateof-theart video cassetis recorders (VORs). whach
zre complex man-machine systerms in thew cwn right

2.1 Example 1: Index search

The first sapect | wah to highlight is a VCR farility called “indexing’ On my home system. the
slluws the operstor to jocate the start poist of any recording made previously. In itself, this s
rather a high level control concept which is effected by transiating this user requirement into
lower level machine functions. The way that this s achieved ably illustrates the separate realms
of presentation. application and dialogue

i Thos chassBicatloon correspends lo thal wsed by sxposety of Lser [oterfsce Management Sreoms | UDME
Fee TTalt and Low8B] for rxamples | sar the bew spaqus coporpt of mediation @ moioeace o thas of Salogoe

' Alihougk this layed cafresponds 10 the umpls samee of dialogus mentesoed sbove. we thal s that s rcher
sense of dialague rovers mate than presentatsn

‘Hartson [Hard®| descnbes the roles of preseniaton sd mediabon s extamal disiope" and mternal dalegus
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Figure 1. State Transition Diagram for 'index search’



In this VCR seenano. the indexing facility i switehed on or off through a remote control
amndset When the appropriate button s pressed, 3 display light marked ‘index’ is toggled [f
the index facility is enabled and the user switches the VOR to rewind. the machune rewinds the
tape untid the next previous start-of-recording pomnt = localed *  Upon reaching the first previous
razerding point. the VOCR switches to play than immediately to fast scan forward, If the nser does
nol switch the syslem to play or 1o stop within thirty seconds the VCH switches {fom fast scan
hack to rewind. until il finds a start-of-recording pount prior to that first locatad. Thereafter. the
asbove sequence tepeats If the user does not interrupt this searching, before the system reaches
the begnning of the tape, the search sequence resumes in fast forward mode Detalls of this
‘zange of behaviour® are lustrated in Figure 1

2.2 The nature of mediation

What |¢ssons can we learn from this sophisticated machine behaviour” Following our earlies
definition of presentalion, we have the oparalor's input combined with the systam output, For
the present example, this consists m the user pressing the index button followed by the rewind
control  In addition, we include the illumination of the index light on the VCR display panel
fellowed by the normal display illummnation for rewind, play and fast scan modes

The application side for this example consists in the set of dscrete VOR operations which are
sequentially executed during the elaborate search procedure. viz., rewand. stap, play fast scan
stog, mewand, ete, [f not interrupted by the operator, this sequence of '‘primitive’ application
functions will change 1o include fest forwerd, in place of rewend

The true value in this example 18 to dlustrate where mediation takes place. Clearly, the
rontents of the presentation laver are distinct from those in the apphication. Yet, if we combine
the scope for 1/o at the presentation level with the range of availahle functions at the application
level, we do not have all that we requite to provide the afore deseribed index search facility. Once
the operator has pressed the appropniate two buttons the VOR must execute a complex sequence
of prumitive functions How does it know which operations te perform and in which order? OF
course this is pre-defined But the representation of the required sequence of primitive functions
does not exist at the same level as these funetions themselves. This is the realrm of mediation

The term ‘mediation” 15 used Lo descnbe the mtermediary role performed at this level of
iteraction ©. Our index search’ example illustrates this role of mediation, wherehy a mapping
from the level of ifo (presentation] to the level of machine functions (application) 1s afforded. In
the VCH. mediation is not merely a ronesptnal level but is implemented distinctly from application
and presentation. This 15 apparent [rom the presence of ‘knowledze’ which will be found neither
in th= application fonctions mor o aftributes of the presentation In particular, the sequencing
information required to embody the index search procedore resides at this intermediate leve|, as
does the facility to hmit the duration of fast scan to thirty seconds. Furthermore, communication
is requires hetwsen Lhe application level and that of mediation in order 1o signal the locating of =
stari-of-recording point on the tape. In response, mediation returns a switching command which
changes the application state from rewind [or fast-forward} to fast scan (see Figure 1)

In this instance, the mediation amounts to a plan {or organising the low-Jevel behaviour of
the VCR ioto an operation which has higher-level semantics Le., index search. The mediation
performs an interpretation of the op=rator’s high-level goal (index search) in terms of the lower-
level machine functions In this example, the elaboration [interpretation) 15 system-directed
and the mapping from presentavuon to application 12 few-lo-many Iz other nstances. the media-
tion 15 more user-directed. with the presentation to application mapping being many-to-few. The
latter 1s apparent o & second VCR example

2.3 Example 2: VCR programming

Programming a VCR to record a particular television channel at & specific ume is accomplished
through an elaborate interactive procedure. requiring Lhe user to select program mode and then

"The VCR antomatically marks a resord point on the taps whenever a recording s begun
* Thus =quat= 1o the dialogue controller companent m UTMS
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enter sey tams of information (munimally: day, channe]l humber, recording start time apd record-
ing stop time), This interaction, including error handhng (values out of range! and correction
facilities (for incotrect entries). 15 controlled at the level of mediation without reference or re-
course 1o application functionality, Activily at the presentation level 15 rather intapsive, whereas
the eventual result of all of this interaction is only two applcation functwons 1€ . the VCR switches

to record and, sometirne later, to stop. There are two phases 10 VCR programmunz:
* program =lcitation

* DrCETAIT &XeCUtion

Firstlv, in the programmung phase, the user is engaged 1n an mmteractive procedure with its
preset sequence and error handling. The course of this interaction is controlled at the level of
mediation and is clearly user-directed (see Figure 2). During this process, mediation attends
solely to the user's input” Secondly. in the phase of program execution. mediation handles the
switching of VCR functions in accordance with the values given by the user

recall
correct o prasentation

recaill recall
correc] correcl recall carrect

from presantation

get cay

man-fri

from ' presentation
presentation prasaniation from
ta presantation
prasantation presentation

Figure 2. Mediation Level of VCR ‘program mode’

"On sophisticated systema the mediation may be capable of concwrent interaction, < g, allowing the user o
program whilst alss running the index s=arch
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During programuming. the mediation s aser-directed During execution the mediation in-
terprets the user input in terms of a sequence of system functions. and its aperalion (% system-
directed Unlike the example of index search, VOR programming involves & many-to-few mappiog
frovm presentalion U2 application

3 Dialogue Expertise

Example 2 illustrates that the VOR system has the capacily Lo ‘interpret’ the user's high-level
goal 1o terms of a two phase proccdure (program cheitation and program execution) Program
elicitation involves a sequence of user-dwected actions (vVia presentation) which elicits valoes for
the required varmables. Thereafler, thess values are used m the execution phase to ‘deive’ the
application level of VTR functions

Note. however, that the VCR program elicitatioo could use a supenior form of user-directed
mediation which allowed entry of variables m ant epder. 1.2 usar selected ordering, The distinction

between presentation, application and mediatwon make 11 apparent that for this case, the stnet

ordering of user interaction 15 nct sssential for the system-directed phase of operation Hencs
thIS 15 AN UnRTecessary constraint on the user

Further. the possibility of user confusion may be ameliorated through additional interactive
prompting of help This can readily be built into the user-directed mediation once Lhe scope for
saparation between the three systam dumensions 15 appreciatsd

From this example we b-:g.m 1o appreciate the significance of mediation, 1e It gives us
the distinction between system- and user-directed activity within a man-machine system. These
notions clearly support a concept of dialogne axpertise. which sheds light on desirable faatures in
man-machine mteraction.

Specifically, tha pressing need in man-machine systams is for increased fiexibilily for operator
interaction and greater support for operator activity from the immterface system Progress in
I'I'I&'E"‘.J:I:. these requirements will come through the design of interfmce systems which embody

he functuonally separate roles of presentation. application and mediation. Grearer fexibility in
sperator intaraction requires that the interface to the man-machine svstem have more capacity
for interpreting cperators objectives

Thuis aspect of “dialogue expartise’ is smbodiad in the design by establwhing the mapping
between high-level contral ohjectives and the manipulation of system functions (svstem-directed
mrerpretation). The form of nser-directed elicitation phase is a separate design issue. Through
this appreciation comes greater Lkelthood of designs for viable and supportive interaction. This
aspert of dialogue expertise s schievable through emphasis on user directed mediation

Clearly, flexibility and power i1 these two aspects of dialogue expertise are & major step towasd
improved man-machine mteraction. Limitations in the scope of these capacitiss shows itsslf as
testrictions on man-machine dialogue. The following example helps to make this clear

Looking again at the VCR domain, we readily find instances where desirable opportunities for
mteraction are not satisfied through hmitations 1n system mplementation Thus, although my
home VCR affords the desirable possibility of programming the systemn whilst it 1s plaving a tape
it does not admit Lhe equally desirable facility of programming the system whilst it is recording
Such a limitation is less likely to arise 1n a system designad with an eye to separation of iateraction
levels. particulariy, the role of dialogue mediation
logue sxpertise in man-machine systems lies in the sophistication of system- and user-
=d wediation Two features have been identified: the degres to which operator’s high-level
abjectives can be mapped to control of svstem functions. and the fleability of user-direcled activit}
i the elicitation of control variables. Flexible design of this combmation allows the system 1o
exhibit a degree of “intel:ligence’ in ils interaction

Further factors may be added to dialogue expertise For example. the degree to which user-

directed mediazion employs qualities of the presentation level to reflect individual opearator's
rehension and 1nf:rn ation processing abilities

The given examples of man-machine dialogues stress the role of spec: ffic information conrsrming
sperator goals and their mapping to system functions Such data is the basis for flex in

{irect




mediation, which s the bulk of diaiogue expertise. Thereby the desien of man-machins wierfacss
1o exhibut this quality mat readily embracze knowledge-taged and sxpert svstems techniques Surh
approaches either for implementation or design prototyping, provide a ready means of explently
representing the cequured mformation and of manipulating 1ts relanonships. In surn, the o== of
explicit and dynamic models which meintaim such knowledge of the operators and the agpheaucn
offer the fina. possibility of dynamuc Lailoring of dialogue 1o meet 1he nesds of Inavidual aperators
and the current domain contexts.

The benehts whien acerne from soch a design strategy melode the possibility of separate de-
sign for much of the individual levels of the MMS (1 2 presentation, appivatior and medaton)
Further. the individual componenis mav be more readily analysed and tested prior to final im-
piementation 1cl. [ARS85]). Work towards such systems s cnderway within the ESPRIT project
#3537 ("Graphics and K nowledge Based Dialogue for Dynamue Systems’] Thersin, the central role
»f dialogue mediation is made sxplicit throogh use of 3 koowledge-based syvstem which controls
both user- and syatem-direciad mediation®. This approack addresses improvement in support

for eperator interaction thraugh explicit representation for the roles of dalogue 11 man-machine
Eyvslens.
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