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Volunteering Information - Enhancing the
Communication Capabilities of Knowledge-Based Systems -

Gerhard Fischer and Curt Stevens

Department of Cormouter Science and Institute of Coonilive Science
university of C.&craoo. Campus Box -430

Boulder, CO 80309

Abstract

Cooperative problem solving systems support the solution of tasks which cannot be soived by me human
or the computer alone. These systems need to be knowledge-based and require flexible communication
paradigms allowing natural communication with both experts and novice users of the system. Natural
communication (quite dilferent from natural language) has to support mixed-iniliative dialogues where
information can be volunteered by the system and the user.

In this paper, we present prototypical systems which assist users in rebooting a computer. REBCOT-R is a 
rule-based system which guides the user with a strongly system-directed dialogue through this task. The
use of this system has shown that the communaicatlion paradigm was too narrow to make it a woflhw ile
tool (espec:aly for the e xpen user). The SYSTEMS ASSISTANT tries to overcome !he noted shortcomngs by e

allowing the users to interact with the system in a mixed-initiative dialogue, to volunteer information and to
deviate from the system generated discourse structure.

1. Introduction 2. Communication Paradigms in Knowledge-
Cur goal is to establish, both by theoretical work and by build- Based Systems
ing prototypical systems, the scientific foundations for the con- The use of knowledge-based systems will be severely limited I
stiuction of intelligent systems which serve as amplifiers of we are unable to elimiunate the communication bottleneck. The
human capabilities and skills. A prerequisite for intelligen Sys- main reason that knowledge-based systems have not moved
tems is that we understand the information processing pos- beyond the research state has primarily been their limited com-
sibilities and limitations of the human and the computer. Our muncatlin capabilities (an example being the MYCIN system
systems should not only be significant as technical achieve- [Buchanan, Shortliffe 84D. The analysis of the DiPMETEn sys-
merits in computer science, but also because they are based tern [Smith 841 has revealed that the user interface portion is
upon principled analyses of how one can best help people to the largest part (42 percent) of a knowledge-based system.
cope with complex Information systems.

In this section, a framework for different communication
Knowledge-Based Systems (KBS) and Human-Computer Con- capabilities is illustrated by defining "natural communcation'

nuJnication (HCC) are two crucial research areas for these and rmixed-initiative dialogues". characterizing different sys-
goals. We are especially interested in understanding the pos- tern architectures depending on the distributlin of the
sibilities of pursuing these two research areas together. The speaker/listener role and discussing architectures, require-
rationale tor this approach is that on the one hand elfective merits and examples for systems which allow the system
human-computer communication is more than creating attrac- and/or the user to volunteer advice.
live displays on a CRT screen: it requires providing the com-
puter with a considerable body of knowledge about the world. Natural Communication. Natural Commurcation is more
about users and about communication processes (Fischer 831. than the ability to communicate in natural language. It is the
On the other hand the use o knowledge-based systems will be ability to engage in a dialogue and when humans (e.g.. a
severely linmled it we are unable to eliminr the novice and an expert) communicate much more goes on than
communication bouteneck. just the request tor factual information. Novices may not be

able to articulate their questions without the help of the expert,
After characterizing general communication paradigms, this the advice given by the expert may not be understood and/or
paper examines one aspect of this approach, the design of the advisee may request an explanation of if: each communica-
knowledge-basea systems and their communication tion partner may hypothesize that the other panner misun-
capabilities to allow the volunteering of information by the user derslood hinvher or they may provide information which they
of the system. Being able to volunteer information, users of a were not explicitly asked for.
knowiedge-based system are no longer al the mercy of an un-
seen reasoning component that dictates the order in which in- Natural Communication needs the right kind of user interface to
formation is absorbed by the system. When combined with a support it. but it cannot be restricted to just the user interlace.
data driven rule base, users are offered an opportunity to The underlying knowledge base must contain the needed
actively use a system and direct i according to their goals. knowledge and it must be structured in the right way.

90 08..... ... _ _



Despite the fac that communication capabilities such as learning strategies such as learning on demand. It has
mixed-initiative dialogues [Carbonell1970al have been found to knowledge about how to improve uSP programs locally, follow-
be crucial for intelligent systems, the progress to achieve them ing a style as defined by its rules. The advice given is based on
has been rather modest. Limited natural language interfaces the hypothesized knowledge of the user contained in the
have often overshadowed the real shortcomings. The MYCIN system's model of the user. Additional tools are available 10
sys-em and the REBOOTER (see section 3) serve as good ex- explain and illustrate the advice.
amples: they are based on the consultation model. From an
engineering point of view, this model has the advantage of be- A number of things have been learned constructing these sys-
ing clear and simple: the program controls the dialogue (much tems. Volunteered advice is most welcome if it is directly
as a hUrnan consultant does) by asking for specific items )l relevant io the prcolem or the task he user is *orhing on Toe
data about the problem at hand. The disadvantages are that it major problem in systems of this kind is not to make them
prevents the user from volunteering relevant data and if sets up speak up but to keep them quiet most of the time. To es.ieve
the program as an "expert", leaving the user in the undesirable this requires elaborate knowledge structures (e g.. models of
position o. asking a macnine for help. the users and tutorial strategies). In additon, users must have

the control to ignore the volunteered information (they may al-
The Speaker versus the Listener Role. Based on the ready ;,now it or they may regard it as not relevant) or turn the
asymmetry between human and computer, the design of the systems off altogether.
communication between humans and computers is a problem
not only of simulating human-to-human communication but of Constructing systems which volunteer information creates a
engineering alternatives in the domain of interaction-related number of interesting and chaengin problems. For the rest of
properties (Bolt 841. Natural language should not be used for this paper we are concerned with the opposite enhancement to
every application: in many cases it is not the preferred mode of communication: allowing the user to volunteer information.
communication (Bates, Borrow 841.

Users volunteering advice. One of the major stumbling
Communica:;on can be described in terms of the speaker and blocks in the successful use of knowledge-based systems is
the listener roles. The speaker presents uIformauon (e.g., in the the general feeling of apathy with wnich many of these systems
form of a question or as a request for action) which the listener are met by the users. Much of the refusal to utilize systems
tries to understand. It is often difficult to delerrne which role such as MYCIN and RESOO1TER stems from the fact that users,
suis which agent best. We have argued that the listener role is who often think of themselves as experts, feel that the system
always the more difficult one [Fischer 861, because the listener is telling them what to do. The system asks a question wnich
has to understand the problem based on the speaker's descrip- the user answers. The system then decides, by some hidden
lion. mechanism, i if needs more information or is going to give Ihb

user advice. At no time are the users aforded the opportunity
Natural language interfaces are desirable, because the human to make their observations known to the computer. They are
is the speaker and can talk in her/his terms about a problem. simply allowed to answer Ine questions put to them - a role
Unfortunately this kind of natural ,anguage interface does not which most humans do not expenence as very satisfying. An
exist. The user is either forced to answer questions in simple expert who is knowledgeable about a domain wants to take an
terms or to learn to adapt to the limited natural language under- active role in the process of deciding what actions should be
standing caoabilities of the system. In form-based systems, the taken. While cooperative advice or criticism from a computer is
system has the role of the speaker and it shows its understand- welcome (e.g., ike in the systems described above), the typical
ing of the world to the user. Our work has been primarily knowledge-based system that forces a particular formal of dis-
guided by the belief that the user is more intelligent and can be cussion upon the user is not.
directed into a particular context; this is why most of our inter-
faces are form-based. The Gus ("Genial Understanding System") system (Bobrow et

at. 77jattempted to model a natural dialogue and it could cope
Computer Systems volunteering advfica. Humans often with volunteered information. This was achieved by selecting a
learn by receiving answers to questions which they have never narrow domain (assisting the user in planning a trip) which con-
posed. For example, if they see a sign that says "Snow Tres strained the range of expectations that Gus needed to have
Of Chains Required Beyond This Point", they have learned about the user's plans. The system was driven by a nunber of
many things. They know that there is probably snow ahead on frames which charactenzed the domain and the dialogue ilsed.
the road and that they can buy snow tires to elininate the need
for chains. This information is volunteered -- there is no need to Our contribution to increase :he naturalness of communication
ask for it. and to elirrunate some o the inflexibility is the introduction of

mechanisms which allow the user to volunteer Information to
To ask a ouestion, one must know how to ask it, and one can- the system. Wa will first describe REBOOTER, an conventional
not ask questions about knowledge wnose existence is un- knowledge-based system which we have built. used and
known. We have developed programs (e.g., the active help evaluated. The shortcomings Of REBOOTER led to the develop-
system ACTVIST (Fischer, Lemke, Schwab 851 and the ment of the SYSTEMS ASSISTANT, which is an illustration that en-
USP.CRITIC (Fischer 87D, which volunteer information and sup- hanced communication capabilities are o cruciai importance
port the acquisition of information by chance. ACTIVIST looks a for knowledge-based systems.
user (working with an editor) "over the shoulder", infers from
user actions the plan which the user wants to achieve and
compares i with its own plan. Information about the conjec-
tured knowledge is stored in the model of the user. A separate
tutoring module decides when to offer helo and advice. The
USP.CRITic enhances incremental learning Ot LISP and suppols
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3. REBOOTER: a Knowledge-Based System to familiar with the types of actions necessary to perform this task.
Reboot Computers

Problem Description. REBOOTER is a knowledge-based sys- Through our experience in rebooting comp, lers. REBOOTER'S
tern which allows users to reboot a PYRAMkO OX computer after contribution to the work ot a novice systems employee is ob-
it has crashed. It has a set of predetermined tasks wnch drive vious. Novices simply do not know how to accomplish this
it to ask for certain pertinent information. 11 the user goal is to task. They need to communicate with an expert to achieve their
reboot the machine, REBOOTER first tries to get the machine goal. Similarly, while experts can usually deal with reoooting
running. When a certain state has been reached, the system problems, they often seek advice from other expens to confirm
will instantiate the task to boot the machine into single-user or enhance their understanding of those problems. Just as
mode, and finally into multi-user mode. This process consists another pair of eyes can often uncover hidden bugs in a
of live major tasks which are the initial status check (is the program, communication during the diagnosis of a eboot can
power on and can you log in), error recording, booting, lile- often yield more useful plans of action. REBOOTER helps fill this
system checking, and bringing the machine ino multi-user role.
mode. Examples of these tasks are in Figure 3-1 and a sample
session with IEBXOTER is described in Figure 3-2. The Knowedge Base. -.- , knowlege tase If the RESOCTE ,

which excludes the user interlace, consists of a set of OPS5
production rules (Brownston et al. 85]. The inference

- Status Query Task: This task starts the mechanism used is forward chaining which leads the structure
REBOOTER by asking about the power and login of the rules to be in a task based, data-driven paradigm. The
status of the machine, rules themselves decide when it is appropriate to switch from

" Reseat boards Task: This task may be initiated one task to another. Tasks are instantiated based on what the
e ereoas has : n asblemy rebootingthte previous tasks were able to find out or accomplish. Themachine, the machine is up and a network program has two main modules, domain knowledge and ex-

problem has been found, or the REsOOTER planatlion. Each module consists of several tasks, some of
susoects that a emblem may be caused by a which are listed in Figure 3-1 for the domain module. Tasks
board being misaigneo on the bus. Making sure Consist oi several ruies related through the do"nain knowledge
the boards in the machine are sealed properly of- they analyze, and they comprise a question and answer ses-
ten solves these problems. sion that guide both the user and REBOTER through the

" Diagnose noboot Task: There are indications problem space. A limited explanation module performs a post-
that tere is an error in the booting process ard analysis on the working memory elements left by the session
further steps will be necessary to bring the and outputs its results, in the form of canned text. to a file
machine back up (it is inside the DiagnoseNo boot which the user can then consult.
task where the most sophisticated rules eside). Communication Capabilities of REDOOTER. REOOTER's user

interlace is a text based dialogue session that runs on tradi-Figure 3-1: Task Examples tional CRT terminals. REBOOTER presents a series of questions

that lead the user through the five major tasks necessary to
reboot the computer. As the dialogue session progresses.

The initial status, error recording, file-system checking, and REBOOTER'S knowledge base evolves through states which fire
multi-user tasks are rule sets that ask basic questions (e.g., are the necessary tasks in each of these five categories. A typical
there any error messages on the console) or require simple session with REBOOTER that represents a trouble-free retoot is
actions (e.g.. please record any error messages in the log reproduced below (see Figure 3-2).
book). Inside the booting task are a number of sub-tasks. This
is where the interesting rules reside and the data-driven
paradigm is put to the test. It is inside this task where diagnosis This represents a system with traditional communication
of failed reboot attempts is camed out. The rules here help capabilities. Users are only allowed to answer questions that
users determine what causes this failure. While automatic are put to them by REBOOTER. The system-driven dialogue
rebooting options are available, they are not able to deal with session keeps the user in a passive role with respect to deci-
problems like hardware lailures and serious tile system errors. sion making i the reboot process. A graphical description of
In these cases the machine will fail its antempts at reboot or wll this type of communication is in Figure 3-3.
simply tell the operator that file system checking must be done Shortcomings of wEBOOTEA. REOOTTER was out into use by
manually. Unlortunately, experience shows thai these con- the systems stall for a snort period of time aunng whicn
ditions occur more often than we would like. Rebooting a corn- shortcorings in its design became apparent. Observations
puler, especially if the person is not totally lamirra with it, is a and discussions with users of the system yielded interesting
non-trivial problem. This is demonstrated by the fact that 2 to 6 resuts. While novice users are quite comlortable with the
months of on the job training are done by our novice systems system-driven dialogue paradigm, expert users are quite ir-
administrators betore they are confident enough to reboot ritated by it. In fact, expert users refused to use the system
machines on their own. A computer is a complex and expen- alter their first or second experience with it. Discussions with
sive piece of equpment wnicn requires a lot of intuitive the various users clearly indicated that experts do not want to
knowledge to deal with on an administrative basis. The reboot- be forced into a particular formal of disassion with a iystem,
ing process ranges from the trivial pressing of a couple of keys while novices gain confidence in their actions through this very
on the console to the complicated task of diagnosing hardware same mechanism.
failures. REBDOTER. designed specifically to help with this
process, can significantly reduce the complexity of this task. At Similar reactions were observed when the MYCiN (Buchanan,
the same time, it allows users to slowly incorporate this intuitive Shortlitle 841 program was introduced into the medical es-
knowledge into their own knowledge structures by making them tablishment. When experts in a field use a knowledge-based
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INITIAL QUERY: Is the machin*' s power turned on system they need to feel that they have an active role in the
<<03n> Ye process ot deciding what actions should be taken. In

Can you log on to the machine that is down REBOCTER, the dialogue is completely system-criven. Users are
across the network? <<yes/no > o delegated the tasks of answering questions and pushing but-
Can you log on to the machine that is down at tons. MYCIN has the very same problem. Users are put in a
the console? «<yes/no>> nO passive role throughout their interaction with the system.

ERROR RECORDING. Record any error messages that In the real world there are many instances of systems which, it
appear on the console. Go to the EFrame by implemented, must exhibit the property that users can im-
Pressing HOME then E. Are there any flashing mediately locus the attention of the system. For example, take
error codes? «<yes/no > no a system that serves as an auto-pilot tor an aircraft. 1t pilots

observe something that involves an implied time constraint.
8007ING: Go to the System Configuration Fram they must have the ability to Communicate this information to
(Framn 1) by rressing HOM4E then 1. Press b the system. Without this flexibility the system can never be
thon z to boot the machine and start the CPU. used.
Do the two windows at the bottom right corner
of the console report that the machine is

BtD th e /O yessRNNN?<y6/O> 4. The SYSTEM'S ASSISTANT: Incorporating
thattheCPUis UNNIG? yesno YesInformation Volunteering

SINGLE USER MUOE: .... Our solution to this problemT of inflexibility in the commuitnication
Paradigm is the introdu~ction of a mechanism through which the

SET TE DAE ..... user Can volunteer information to the system. By voluneering
SET HE DTE .information we mean that the user can make statements about

FILE SYSTEM CHFCK: ....................... the domain which are out of context with respect to the Current
cenversation!:etween user anld system. Iniorrratlo:, volunteer-

MULTI USER MOOS. To go into imulti user mode press ing allows users to be in the speaker role and locus the atten-
^D (controlD) tion of the system on the intormation which they teef is

relevant. The user is no longer just answenng questions, but
Execution halted by rule: multi-tuser-mode, taking an active role in deciding what the knowledge-based
Would you like an explanation of the Session? system is reasoning about. The System now plays the role of
<<Yes /no > yes assisting users as opposed to directing users and therefore :his

new version of our knowliedge-based system Is called the
IF YOU GENERATED AN EXPLANATION I? WILL BE SYSTEMtS ASSISTANT (the term SYSTEMS ASSISTANT is derived
FOUND IN: from the name of the group which maintains the computers in
/3taff/yteM/teven/rebooter/RULTRACE the Computer Science jepartment. The group is called the
THANKS FR US ING REBOOTER. MAIL AN4Y COMMIENTS Systems Group, hence the name SYSTEMS ASSISTANT) Infor-
TO CURT. mation volunteering is probably best explained by way of an

example:
Figure 3-2: A Partial Session with RiEBOMrER When a user first starts up a s9ssion with the

SySTrEMS ASSISTANr the syst em will always begin by
asking Some basic information about the PYPAAOD in
question. This infrmalion must be known to the
SYSTEMS ASSISTANT for it to do any diagnosis or offer

________________________________________any assistance. Beyond that point, however the ac-
tins WiuCl the SYSTEMS ASSISTANT wilt take are
m~ostty dependent upon the data which the user sup-

Plies in resPOnse to its oiunes. The SYSTEMS
ASSISTANT asks a question after which the User
responds with Some new data. After reviewing the

Stan ueston nOdified State Of the data at hand the sysTEMS
ASSISTANT oroCeeds to suggest some course of ac-
bon which is then Camred out by the user. This ioop
(see Figure 3-3) continues until the SYSTEMS

respnse d anASSISTANT has SU~CCeSStuly helped the aSer reboot
the comrputer however. an experienced -Lsystems ad-
mnnstralor will be Able 1o notice Pertinent information

ystemlong before !he SYSTEMS ASSISTANT asks about it. For
e-.crated ugeoninstance, these types of users mgrt qu;Ckly notice

that the ethernet board is sticking an inch further out
than the rest of the boards in the machine. They
would cenra-I come to the Conclusion that this might
have someothing to do with the machine's problem,

Figure 3-3; Control Flow In a System-Driven Oliogie and' thrOe want tofous the attention of the
SYSTEMS ASSISTANT on that fact. This type of infor-
marion IS Considered out of context since the
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SYSTEMS ASSISTANT is asking questions like is TmE The SYSTEMS ASSISTANT requires an extended model of inter-
144CJHlNE'S POWER TURNED ON. Or DOES THE C.ONSLE action (see Figure 4-1), incorporates a new interlace (see
SAY THAT T14E CPU IS RUNNING. It users know some- Figure 4-2), and requires a major restructuring of the
thing about the system, then they should be able to knowledge base used in RESOOTER.
present that information to the SYSTEMS ASSISTANT as
soon as it becomes apparent. The systems knowledge is explicitly represented in a world

model with which the user interacts in a direct manipulation
style (Hutchins. Hollan. Norman i;.3. The different hardware
Components of the PYRAID are represented in graphical form
(see Figure 4-2).

Users can either ask for general information about eact. of
these components or volunteer information about them. It users

ow 0(onmgare confused about what an icon represents they can ask thq
systeir dbou', that icon by ciicking the mnousa On it. At *.zt

I point the system presents the user with a text based explana-
JIM OUT of lion about the component in question. It also explains some of
rebm sothe most common indications that this component is dlamaged

and common methods of determining the functional state of it.
These possibilities give the user a window into the "mind" of
the SYSTEMS ASSISTANT and provide a well defined and comn-
mon basis for communication between the user and the sys-
tem. To volunteer informaion (and change the zoniext in

If) which the icons are understood), the users click( with the mouse
on the volunteer information icon. At this point a click on any of
the machine component icons yields a menu of possible facts

Figure 4-1: Control Flow in a Mixed-Initiative Dialogue about that particular component. Since we are asking the user
________________________________________ to volunteer information that is best dlescnbed by natural lan-

guage, but are not able to allow the actual use of natural Ian-

machir. rm TLJT

Sta., Pyramid SOX

disks,. Fuji Eagle 4100

oa~ Computer Science

JREB0OTkI1AcHI1IE POUJER-DOUn MIACHIINE
DIAGNJOSE BOARD SI4UTOou1J MARCINE cowtin UNKNtlUN
SINGOLE-US0~ "ODE END0 4ESSIO1I

VOLUtNTEER INIFORM1ATION

_________ "fOLuK PIYT0ill -- 9CHME STATUS

Figure 4-2: Initial State Of The SYSTEMS ASSISTANT
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guage. we present the user with a menu ot text based choices. knowledge allows the SYSTEMS ASSISTANT to be much more
This menu defines for the user the possible space of infor- powerful in its ability to handle the inevitable context switches

mation which can be understood by the rule base of the that occur due to the incoming out of context information.

SYSTEMS ASSISTANT. Figure 4-3 is a typical example ot what one
of these menus looks like. On the left side are the common In addition, a mechanism is needed through which the system
problems associated with this particular piece of haroware. On can determine what information is implii in the volunleered

the right side are the choices which indicate that one o the information. For instance, this instantiation of tasks might be
problem areas has already been checked, and at the bottom is altered if users volunteer information that implies they have al-
a choice indicating an unfounded suspicion that something has ready tried to reboot the machine. A related problem is the
gone wrong with that piece of hardware. In this manner the decision of whether to ask a previously posed question again.
user is afforded the opportunity to volunteer out ol context in- The volunteered information might have implied an answer to
formation. this earlier question and the rule base has tO be general

enough to handle these cases.
The interlace, however, is not the most crucial modification that
is necessary. To bnng information voluneer;ng to tuition it is 5. Experiences and Future Research
not sufficient to change the external appearance of the system The shortcomings of the REBOOTER cleary indicated that

on the screen. This new mechanism requires the restructuring knowledge-based systems will not be accepted i their com-

of the knowledge base to acconmmodate the incoming out of munication capabilities are too limited. The design and the im-
context information. In REBOOTER, an analysis of the structure plementation of the SYSTEMS ASSISTANT provided another piece
of tasks was camed out to determine which task should in turn of evidence (along the findings of the DIPMETER system (Smith

instantiate successive tasks. The original design was tar too 841) that designing the knowledge base and the inference en-

rigid for the information volunteering mechanism. What is gine of a knowledge-based system may be a much easier task
needed is a more general methodology for determining the cur- than providing these systems with the right kind of communica-
rent task selection. This proolem is being solved by removing lion capabilities. Making a system able to accept volunteered
the task selection criterion from the tasks themselves and information is not just a matter of redesigning the interlace to

creating an autonomous collection of rules whose onlv function that system but requires that the knowledge base be extoanoed
is to recognize situations in which particular tasks should be and reorganized.
instantiated. To operate in this mode the system needs more
information about the machine components and its own rule The SYSTEMS ASSISTANT seems to provide the right kind of mix-

groups than before to allow the SYSTEMS ASSISTANT tO resolve lure between highly structured dialogues (which are useful for
conflicts when more than one task is simultaneously instan- the novice) and the possibility to volunteer information to get to
tiated due to some volunteered information. This extra the point quickly, which is a necessary requitement to make a

BOARD MISSING BOARD RESEATED

JBOARDrUNSEATEDJ HARDWARE ADDRESS OK

BAD HARDWARE ADDRESS SOFTWARE ADDRESS OK

BAD SOFTWARE ADDRESS

UNKNOWN PROBLEM SUSPECTED

--...... . ci e.n
Y.. .... i Sl bi . ,.,, ,. TLJT

f. vamilin iI1 1- e U .

Yii. II¢IIH +I ¢le S44I.disi.., FujiI rEa1qOel 4mB

[I O,'+ f I

YE -). RE900TlIG

VOLUNTEER 11FORRATON

Figure 4-3: Volunteering Information About The Ethernet Controller
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system acceptable to the expert. [Buchanan, Shortliffe 84!
B.G. Buchanan. E.H. Shorthiffe, Rule-Based Exoert

Many more features should (and will be) added to the SYSTESs Systems: The MYCIN Exroeriments of th e Stanford
ASSISTANT. Having a sensory system (which signals the stale Heurfistic Programmi.ng Proect. Addison-Wesley
of the broken machrine) connected to the SYSTEMS ASSISTANT Publishing Company. Reading, MA. 1984.
would allow it to monitor the actions taken by the user. Users [Carbonell 701

shoud aso b abe t quey te Sstemon ow r wh 4 oesJ.G. Carbonell, Al in CAI: An Alliicial-lnlellgence AD-
shoud aso e ale O qerythe ystm o ho orwhyit oesproach to Comouter-Assisted Instruction. IEEE Trans-

anything, Itithe system says that the ethemnet boat needs to actions on Man-Machine Systems. Vol. MMS-1 1, No.
be resealed on the bus, users might want to know how to do 4, Decenmber 1970.
this, or why the system feels that tIS is necessary (the second [ice 3
question requires more elaborate explanation capabillities than [ Gsce FiceSmboiKoweg-aedCmue
most system currently have). Support Systems. Automatica. Vol. 19. No. 6, Novem-

ber 1983. pp. 627-637.
An extension in another dimension. which is closely related to (Fischer 861our work supporting human problem domain commuication 6.Fischer. Cognitive Science: information Processing
[FischerLemke 1987aj. is to allow users of the system to create in Humans and Compruters, in H. Winier ted.). Artificial
their own machine configurations with the assistance of con- Intelligence and Man-Machine Systems, Spnnger-

strutio anddesgn kts.Verlag, Berlin - Heidelberg - New York. 1986, pp.
sowton ad deign its.84-112-

If users are not willing to use the systems we design, a major [Fischer 871
component of the employed theory and methodology rmust be G. Fischer, A Citic for LISP Proceedings of the 10OthInternational Joint Conference on Artiicial Intelligence
missing- in many cases this resistance will be based on the (Milan), 1987.
limited communication capabilities. Natural conmunication is a
ctucial aspect to increase the usefulness and usability of com- (Fischer. Lerrke 871

Infomaton oluneerng s anm~otan putof t wichG. Fischer. A.C. Lemke. Constrained Design
puters. IfrainvlnernisaimotnpatoitwchProcesses: Steos Towards Convrvial Computing, in
should be explored in other task domains. Knowledge-based R. Guindon (ed.), Cognitive Science and its Applica-
systems of all types can benefit from allowing the user to have ion for H-uman-Corrputer Interaction. Lawrence
more control. Erlbaum Associates, H-ilsdale, NJ, 1987.

(Fischer, Lemke, Schwab 851
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