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Abstract
Expert systemn projects are often based on collaboration
with a single domain expert. This leads to difficulties in judging
the suitabilitity of the chosen task and in acquiring the detailed
knowledge required to carry out the task This anecdotal article
considers some of the advantages of using a diverse collection
of domain experts.

In this article we discuss some of issues facing poten-
tial knowledge engineers with respect to information they
need from their domain experts. These issues deal with
both judging the suitability of the task and with acquiring
detailed knowledge once the suitability issue has been sat-
isfactorily decided. An impression engendered by many
publications (Dixon and Simmons, 1983; Hayes-Roth et
al., 1983) in the field is that all you need to build an expert
system is one domain expert and a favorite programming
language, often LISP, though more recently also PROLOG
Experience (McDermott, 1981; Smith and Baker, 1983)
with systemns which have reached some level of maturity
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highlights the problems with this rather simplistic view,
especially the notion that one expert’s rules constitutes ex-
pertise To avoid some of the pitfalls of relying on a single
expert, we propose an approach based on using multiple
experts in a domain.

The approach described here is an emnpirical one based
on our experience with different expert systems. Anec-
dotes from various projects illustrate the issues. We hope
that this article will open up discussion on these issues and
enable more rigorous scientific analysis to be carried out
in the future In the short term, this article may help pre-
vent some ill-conceived projects or steer them in the right
direction.

Judging the Suitability
of an Expert Systems Task

Before even beginning to build an expert system, you must
decide if the domain is suitable, given the current state-
of-the-art of both the technology of knowledge engineering
and the art of acquiring knowledge. One of the first prob-
lems is finding out who the experts are and what problems
they solve.

Matching Experts and Problems

It is obvious that the nature and extent of an expert’s
expertise be ascertained before an expert system is, or can
be, built. But there is some circularity inherent in the
process, because before a task can be selected for building
a system, experts must be available for questioning about
the domain. However, in complex and varied domains such
as medicine or engineering, any given expert is often very
knowledgeable about only a small subset of the tasks in
the domain. Thus there is a potential for a mismatch
here in that a single domain expert (or small group of
them) may suggest a task as suitable for modeling but



that judgment may itself be erroneous. We suggest that
for the task selection process itself, a set of experts may
prove more useful.

Experience with the MDX project at Ohio State il-
lustrates the difficulties in relying on a single expert in
formulating a suitable problem. When the first anthor
and colleagues at Ohio State were looking for a suitable
medical domain in which to explore building a knowledge-
based system they approached some contacts in the med-
ical faculty about promising areas. One professor very
enthusiastically suggested the area of cholestatic diseases
(an important subset of liver diseases) because he believed,
quite rightly even in retrospect, that while cholestatic dis-
eases were widely studied and known about in the medical
field, there were many problems in correctly diagnosing
the cause of cholestasis He further believed that the di-
agnoses would be helped by making the large amount of
medical data available from the various tests accessible in
a usable fashion to medical practitioners. This seemed to
fulfill many of the criteria for taking a knowledge-based ap-
proach to diagnosis and the next couple of years were spent
in building a set of expert systems MDX (Chandeskran
and Mittal, 1983a), PATREC (Mittal, Chandeskran, and
Sticklen, 1984), and RADEX (Chandeskran et al , 1980)—
which collectively did a pretty decent job (Tatman, 1982)
of diagnosing cholestatic diseases. The knowledge basc was
carefully constructed with the active collaboration of prac-
ticing physicians and by consulting textbooks and journal
articles.

However, when the systemn was demonstrated to a
group of professors and interns who were involved in the
daily practice of managing patients (some of whom were
cholestatic), with a view towards enlisting their coopera-
tion in performing trials on the use of the system in a real
hospital setting, they were not impressed. Upon ques-
tioning them, we realized a fundamental dilemina that
must be familiar to other researchers in Al: while the ex-
perts acknowledged the diagnostic acumen of the MDX
systemn, they did not find that particularly impressive be-
cause they were also doing the same task on a routine basis.
Instead, they were more interested in a computer system
whach could help in performing tasks with which they had
difficulty. To them, at least, the problem with cholestatic
diseases was not diagnostic reasoning per se, but rather
one of developing medical tests that were more precise in
visualizing the liver and the biliary system (which are af-
fected by cholestatic discases) so they could make a correct
diagnosis.

A secondary concern was one of deciding when to or-
der some of the existing imaging tests which, while quite
useful, were expensive and invasive. In retrospect, it did
not matter which expert’s perception of the problem was
correct. From the standpoint of application, matching the
needs of the intended users was of paramount importance.
The irony is that while MDX was never tried in clinical

situations, it generated valuable insights about diagnostic
reasoning (Chandrasekaran and Mittal, 1983a), knowledge
compilation (Chandrasekaran and Mittal, 1983b), and
structuring knowledge bases (Chandrasekaran and Mittal,
1983a). Neverthless, it is a valuable lesson, and it is clear
that some approach needed to be devised to obtain a bet-
ter perspective on a problem domain before embarking on
building an expert system.

Make sure your experts are practicing experts in the
selected task. Furthermore, 1f you are planning to build an
ezpert system to aid some human experts, find out where
they really need help. In other words, identify the intended
users in advance of building the system. Note how the
problem was exacerbated in the above case by relying on
only one expert for task selection

Experience with DARN

The DARN project (Mittal, Bobrow, and deKlee1, 1984)
at Xerox was an attempt by the first author and other
colleagues at Xerox PARC to explore where, and if at
all, knowledge-based approaches would help in maintain-
ing computer hardware systems. However, instead of fol-
lowing our favorite approaches to diagnosis we decided to
closely examine what different technicians were already
doing, where the bottlenecks were, and who might have
most to gain from a computerized reasoning systemn

As a first step, we (the knowledge engineers) talked
to as many different people involved in computer mainte-
nance as possible: Technicians in research labs, field tech-
nicians, service manual writers, service center people, ete
It was soon clear that different people worked on different
aspects of the problem:

e Servicing broken machines with a view towards bring-
ing them up quickly

e Pinpointing faulty chips on a circuit board so that the
board could be repaired

e Answering calls from the field technician in the middle
of a diagnostic scssion.

There was much in common in terms of a shared un-
derstanding of the hardware, software, bugs, and repair
strategies. However, each set of experts had separate goals,
assumptions, and problem solving approaches. One could
almost say that many different kinds of expertise had
evolved in what appeared to be a single domain of ex-
pertise, vz., maintenance.

Let us illustrate with simple examples. Take the p1ob-
lem of identifying faulty chips on a circuit board. The
field technicians, invariably, were not required to diagnose
a malfunctioning computer down to the broken chip. It
was sufficient to identify the malfunctioning board, replace
it with a correct one and make sure that the time during
which the system was down was minimized. On the other
hand, technicians in the research laboratories often did
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both activities. As a result, they had to take a more rig-
orous approach to diagnosing the faults; merely making
the system operational again was not sufficient. Another
aspect of the difference was that the technicians at the
research laboratories, by the nature of the environment,
could develop different strategies. For example, the avail-
ability of many other similar mnachines at the same site
made board-swapping a viable strategy for isolating faults.

By talking to a variety of experts early on in the project
it was possible to get a better understanding of the different
kinds of expertise prevalent in the domain and which expert
practiced which kinds.

Interviewing Multiple Experts.

At the begining of 1984, the second author started a joint
project (PRIDE 14,15) between Xerox PARC and Xerox
Reprographics Business Group (RBG) to explore building
an expert system for the design of some sub-systems of a
copier. However, before selecting the design problem we
wanted to ensure that the requirements for building an
expert system were satisfied. From our previous experi-
ence, it seemed unlikely that any single or small group of
experts would be sufficient to get reasonable answers to
questions about suitability unless we were extraordinarily
lucky. Therefore, we devised an approach based on sys-
tematically interviewing as large and diverse a group of
experts as possible.

Our initial discussions with some of the managers at
RBG had identified a promising problem area and two
experts who were interested in collaborating with us. We
then asked them to arrange for us to interview as many
experts in that problem area as possible. We developed
the following kinds of guidelines for these interviews.

e Tirst, our resident experts would collect a few typ-
ical design problems that they had worked on

e Second, we sought other experts from diverse back-
grounds. For example, some might be from ad-
vanced development divisions and others from prod-
uct units. should have worked on different copier
designs. Similarly, some might have worked on
low-volume copiers versus high-volume copiers.

e Third, the chosen problems should not be familiar
to the other experts but be reasonable ones for
them to work on

We, in our role as knowledge engineers, then set up
the following format for interviewing the experts. We con-
ducted the interviews ourselves but used our chief collab-
orators as resident experts. The resident experts would
present the design problem, and after that essentially act
as consultants on the problem but otherwise not partici-
pate in the design process. The same problem would be
posed to each of the experts in turn, with none of the other
experts present in the room. The experts were then asked
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to carry out the design process, not necessarily doing de-
tailed design, but as much as they could do in roughly
two hours. It is important to emphasize that we were not
asking them to tell us how they solved the design problem
but to do the sample design from the given specifications.
We believe that experts cannot reliably give an account of
their expertise: We have to exercise their expertise on real
problems to extract and model their knowledge. Our ex-
perience, as described below, provides additional support
for this viewpoint.

What was Learned from the Interviews.

Our resident experts had given us the following kinds of
information prior to talking to the other experts.

e We asked them to “solve” the design problems the
other experts would get to work on. This enabled
us to form an initial model of how such designs
were carried out in terms of some of the major
steps.

e They also identified one of the design sub-problems
as being a good candidate for building an expert
system

o We ended up examining how five other experts
worked on the same problem. The results were
both reassuring and surprising.

Commonality of Approach

All the experts followed a very similar strategy in carry-
ing out the design in terms of how they decomposed the
problem into sub-problems, worked on the sub-problems,
and then related the partial designs to each other. This
is not very surprising given that problem decomposition
is a time-tested strategy for solving hard problems. What
surprised us was the similarity in the sub-problems that
were chosen and the strategies used for solving the sub-
problems. This was very reassuring, in that the selected
problem area seemed to have some regularity that each
expert was trained to exploit. By the end of the day we
could develop an overall protocol for designing the selected
sub-system of copying machines. However, we also learned
a great deal from the differences in the approaches of the
different experts.

Differences in Specialization

Although different experts followed a similar protocol in
the design, it became clear that there were sub-areas of ex-
pertise in which different experts could specialize. For ex-
ample, one person was an expert on material selection and
knew more about it than others. Another person was an
expert on jam clearance strategies, an issue in design that
our resident experts had not told us much about. Some of
the other areas of specialization that emerged from these
interviews were cost analysis, meeting very tight specifica-
tions, and using alternate technologies. We found this to
be an important observation for a number of reasons.



e  As there seemed to be a shared level of expertise,
it made sense to try to capture it as an expert
system

e  There were other layers of specialized knowledge
that could be viewed as community knowledge A
later effort on our part could try to capture this
as a community knowledge base.

o  We learned who the different specialists were so
that we could talk to them in more depth as the
neced arose

Nature of Expertise

A related observation was also interesting. While the dif-
ferent, experts had a shared understanding of the task do-
main, there were differences in the nature of their exper-
tise We suspect it may relate to how much the expertise
was compiled and in what it was grounded Some experts
could carry out the design without thinking very much,
even though this was a new problem to them. Others
seemed to think more and nceded to go back to first prin-
ciples more often. These latter experts were the ones who
had not worked on such problems for some time The dif-
ference in grounding came up vividly when we questioned
them about why they performed a certain step, why they
followed some design rule, or why some constraints were
more important than others. The best explanation given
by some experts was, “We have always done it this way end
it seems to work,” while others would quote extensively on
the theoretical basis for some design decision.

Separability of Task

An early surprise was that the sub-problem identified by
our resident experts seemed too contrived. None of the
experts really worked on that sub-problem in isolation. It
was very dependent on the rest of the design in that it was
constrained by some other parts of the design and was in
turn constrained by them. The degree of interdependence
made it clear that we would have to consider the complete
problem or none of it.

Exercising the Expertise

Having different people work on the same problem helped
to fill in many holes in the specifications that our resident
experts had prepared for presentation to our panel of ex-
perts. Often the other experts would ask for information
that was not there. Invariably, it turned out that our resi-
dent experts had forgotten to include it or had become so
used to working with such problems that they could not
easily emmnerate all the dimensions of the problem- -their
expertise needed to be exercised to obtain the knowledge
from them This experience was invaluable when we later
obtained detailed knowledge from our resideut experts.

Discussion

One of the areas of expert systems activity least touched

upon in literaturc is the early part of a project when is-
sues about suitability of a problein and identification of
experts are decided. It is our belief that this phase is at
least as important as the latter part where technical issucs
about knowledge representation, problem solving strate-
gles and programming technologies are decided. One of
our purposes in this anecdotal article is to shed more light
on this early phase and open up some debate and more rig-
orous experimentation in this regard. One technique that
we found useful is the process of systematically interview-
ing a diverse collection of experts in the tentative prob-
lem area and performing some protocol analysis of their
problem-solving activity on typical problems. It is our be-
lief that many of the questions that directly affect the out-
come of an expert, systems project can be answered from
interviewing multiple experts We briefly discuss some of
these questions.

Identifying Experts and Problems

Who are the experts and what problems do they typically
work on? Who is the expert or experts from whom detailed
knowledge will be acquired? Are they acknowledged as
valuable sources of knowledge among their peers? Talking
to a diverse group of experts also helps in determining the
standing of the collaborating experts in their community.

Identifying the Users

Do the experts agree on the importance of the given prob-
lem, either from the point of view of making their knowl-
edge more widely accessible, or in helping them do a better
job? Are they willing to invest resources in the building of
the system? It seems to be important to not only identify
the clients of the expert system but to judge their commit-
ment in terms of how much they are willing to invest. If
they are not willing to invest in it, then perhaps they don’t
need an expert system (or any other kind for that matter).
Experience with the R1 project (McDermott, 1981) is very
important in this regard.

Separability of Task Knowledge

Is the given problem a viable one, z.e., can it be reasonably
separated from the other activitics of the experts, or is it
intricately tied to other kinds of knowledge and problem
solving? Can you identify the kinds of problem-dependent
knowledge and strategies the experts are using or do they
seem to rely upon common sense approaches and generic
knowledge? This issue is at the heart of whether an expert
system is at all possible for some task without having to
include all kinds of general reasoning capabilities. Again,
by systematically talking to a diverse collection of experts
you can make a better judgement on this issue. During
this DARN project, one problem area that seemed attrac-
tive was troubleshooting problems in computer networks.
However, detailed discussions with some of the technicians
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revealed that because they relied on so many different
kinds of general knowledge and reasoning --conunon sense
spatial reasoning, cost and utilities of going between differ-
ent sites, underlying telephone networks, etc.—that it was
not a viable project, at least in the short term. This issue
also secems to be related to the compilation of task-specific
knowledge (Chandrasekaran and Mittal, 1983a; Riesback,
1984) trom more fundamental knowledge.

What Knowledge Will Be Captured
in the Expert System?

Is there some commonality in how the different experts
solve the problems, or does cach expert follow a different,
idiosyneratic approach? If there are different approaches,
are they equally valid? Are the differences caused by
specializations among experts for different sub-problems?
Does the expertise for solving the selected problem reside
in individuals or is it a community involvement? These
arc key issues about the nature of the expertise needed in
an expert system. Different approaches seem to have been
taken for resolving these issues. The typical approach is
based on identifying certain key expert(s) in their field and
basing the system on their knowledge and experience The
INTERNIST project seemns to have been quite successful
with this approach, which finesses many of the issues by
appealing to some established authority, and in fact may
be a reasonable approach for tasks where there are clearly
acknowledged experts.

A different approach is based on capturing a commu-
nity knowledge with different experts contributing knowl-
edge suitable for different aspects of the problem. Some
(Stefik and Conway, 1982) have even argued that in many
domains, such as VLSI design, conventional means of ac-
quiring knowledge from experts may not even be feasible
because such knowledge may be too diffusely spread among
different experts and subject to rapid changes. In such
cases, the knowledge base itself may need to be designed.
In any case, much research needs to be done to resolve is-
sues such as identifying different aspects of a problem and
corresponding experts, integrating knowledge from various
experts, resolving conflicts, assimilating competing strate-
gies, personalizing community knowledge bases, and de-
veloping programming technologies for supporting these
activities.

We envision that the PRIDE system will inake avail-
able a level of expertise that is better than any single ex-
pert’s in the following sense It will become a community
knowledge base which will not only have methods and a
terininology that is practiced in common by all the design
experts, but also capture some of the areas in which these
experts specialize.

Conclusion

We have identified somne of the problems in selecting suit-
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able tasks for expert system projects and acquiring knowl-
edge from experts. In the PRIDE project, our experience
with using multiple experts to understand and define the
task has been quite successful. The initial protocol of the
design process, obtained from many experts, has proved
to be quite stable despite many iterative refinements. As
we get more experience with operational versions of the
systems, we expect to gain a better understanding of the
differences across different experts.
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