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NEOMYCIN: RECONFIGURING A RULE-BASED EXPERT SYSTEM
FOR APPLICATION TO TEACHING

ABSTRACT

William J. Clancey and Reed LeCsinger

Computer Science Department
Stanford University; Stanford, CA 9430f

high level ni expertise (3I), and 2) modular design and
representational meta-knowledge enable the program to explain its
reasoning (In Ironically, we have found that it is in precisely
these two areas—expertise and explanatory Capability—so
important for a successful teaching program, that AVON falls short.
To solve these problems, we have implemented a new system we
call NEOMYCIN.

NfriMYCIN. is a medical consultation system in which WYCIN's
Knowledge base is reorganized and extended for use in GUIDON, a
teaching program. The new system ccnstitutes a psychological
model for doing diagnosis, designed to provide a basis for
interpreting student behavior and teaching diagnostic strategy The
model separates out kinds of knowledge that are procedurally
embedded in WYCIN's rules arid so inaccessible to the teaching
program. The Key idea is to represent explicitly and separately: a
domain-independent diagnostic strategy in the form of meta-rules,
knowledge about the structure of the problem space, causal and
data/hypothesis rules, and world facts.

As a psychological model, NEOkAYClN captures the forward-
directed, *c piled association" mode of reasoning that
characterizes expert behavior. Collection and interpretation of data
are focused by the 'differential Or working memory of hypotheses
Moreover, the knowledge base is broadened so that GUIDON can
teach a student when to consider a specific infectious disease and
what competing hypotheses to consider, essentially the Knowledge a
human would need in order to use the 1.4YCIN consultation system
properly.

INTRODUCTION

In order to use a Knowledge base . subject material for
teaching, it is important that the Kinds of things a student needs to
be told be represented flexibly, so that they can be singled out and
articulated. Development of intelligent tutoring systems such as
SOPAE (51 WHY (271 WUMPUS (16), and GUIDON (II) (12) can be
viewed, in part, as a problem of knowledge representation. This
research has shown the advantages of:

-- multiple representations of kriowleogis leg, the
simulation model and semantic network in SOPHIE),

representations that can be both interpreted and used
to generate teaching test (e.g., Brown's meteoroiogical automata (4),
arid production rules used in WUMPUS and ;JOON),

-- network representations of knowledge that capture
'importance • (SCHOLAR (9)), -complexly• or 'pre-requisite
associations (WUMPUS, BIP (3)), "analogy' and 'generalization'
relations (WUMPUS),

-- and representations that allow for variants on expert
,ertormance (for modelling the student) (WEST (111, BUGGY pp.

In the GUIDON program we have been exploring the problem
of using MYCIN's rule set as teaching materia,. MYCIN (26) is a
rule-based expert system that provides therapy advice for certain
kinds of infectious diseases. It has spawned a class of systems,
called "ESOCIN systems,' which all use the same production rule
language and interpreter 1291 GUIDON can operate using the rule
mot of any EMYCIN system as subject material.

I.4YCIN's rules were thought to be potentially useful for
teaching because: 1) formal evaluations indicate that if captures a

" Thus research has been supported fn part by ARPA and ONR
i.ontract Ka0001 4-79C-0302. Computationai resources were
provided by the SUMEX-AIM facility (NIH grant RR 00785-07).

A. The limitations of MYCIN for application to teaching

First, WYCIN is designed to be used as a consultant; its
knowledge is too narrow to be used for teaching a student to be a
primary diagnostician. The knowledge base is designed to interpret
culture results from the blood and the cerebral-spinal fluid. But
what expertise suggests that such a culture should be taken? What
knowledge does a human draw upon for focusing on bacterernia or
meningitis, and what competing hypotheses (and medical tests) need
to be considered before I..frCIN should even be used? This
knowledge is certainly a critical p• -t of leaching infectious disease
oiagnosis, but MYCIN knows nothing about it.

Second, protocols of experts solving the same cases
presented to MYCIN indicate that the program does not organize or
use its knowledge the way a human expert does. This result is not
surprising, for it is consistent with a half-decade of psychological
research into medical proble.m-solving Rill (20), (2I). (28)
(14), (In If GUIDON, our tutorial program, is to articulate and
recognize the hierarchical organizations of knowledge and search
strategies that humans find useful, we need to reorganize WYCINs
rule set and incorporate an explicit model of diagnostic thinking. In
particular, the model must exhibit: focused, forward-directed use of
data; trigger associations that suggest new hypotheses; follow-up
questions that establish the disease process (-picture Of the
patient"); and management of a changing 'working memory'
(hereafter, "differential") of hypotheses under consideration. TO
this extent, the development of NECA.XYCIN is an attempt to
synthesize previous research, arid lo analyze its application to our
infectious disease problem domain.

a pevelopmg. a psychological model by modifyine EMYCIN 

A psychological model of diagnostic thinking cannot be
represented using the ENIYCIN representation alone, that is, by
simply rewriting WYCIN's rules. Instead, the representation and
interpreter must be aogmented and the rules organized by multiple,
orthogonal structures.

For example, a simple interpreter change is to allow oncoming
data to rause new subgoals to be setup and pursued. Consider the
trigger antecedent rule 'if the patient has a stiff neck and a

headache, then consider meningitis ""When a physician hears that
the patient has a stiff neck, the association to meningitis might corns
to mond, prompting him to determine if the patient has a headache
as well. To bring about this effect in NEOMYCIN, a new type of
antecedent rule had to be allowed, and a local change made to the
EkAYCIN control structure

Besides interpreter changes, different kinds of knowledge had
to be separated out of the rules and represented explicitly. Fig. 1
shows a typical (paraphrased) 1.4YCIN rule in which different kinds
of Knowledge are procedurally embedded.

The medical examples in this paper are simplified; we make no
claims about completeness or accuracy. They are for purposes of
Illustration only



If: 1) The infection is meningitis
2) The suotype of meningitis is bacterial
3) Only circumstantial evidence is available
4) The patient is at least 17 years olrf
5) The patient is an alcoholic

Then: there is suggestive evioence that cholococcus-
pneumoniae is an organism causing the meningitis.

Figure 1 Typical MYCIN Rule

This rule is an example of 'compiled expertise.' We can list
some of the individual steps of reasoning and knowledge sources
out of which it :s composed, unknown to MYCIN, but explicitly
represented in NEOMYCIN:

-- Analysis of other rules shows that this rule (to
determine the otganism) is only invoked after it has been
establisheo that the patient has an infection. Thus, four ma)or
subgoals are established in this order: Is there an infection' Is it
meningitis' IS 11 bacterial" Is It diplococcus-pneumoniae? Each of
these subgoals hypothesizes a more specific cause of disease.
Thus, the ordering of clauses constitutes a top-down refinement
strategy. However, SOCIN does not know about this specialization
hierarchy. It does not even know that diplococcus-prteumoniae is a
bacterium. Perhaps most serious of all for meeting our teaching
goals. MYCIN omits intermediate categories such as acute/chronic
meningitis arid -gram neVtive meningths. that physicians find
helpful. In NEOMYCIN these categories are regiesented explicitly in
an etiological taxonomy by allowing parameters to be specializations
of one another.

-- The clause about the patient's age prevents MYCIN from
asking if a child is an alcoholic. MY(..iN dues not know that the
ordering of these clauses is important, or what the relationship is.
In NEOMYCIN these world relations are captured by separate
"screening rules.

-- When there is laboratory evidence (a culture with
visible organisms), this rule does not apply (Llause 3). However, a
companion rule still allows the circumstantial evidence of alC0hOlism
to be considered, but gives it less weight. This principle of
considering circumstantial evidence even when there are hard,
physical observations of the cause, is not explicitly known to MYCIN.
The principle is compiled identically into 40 pairs of rules, rather
than being stated as a reasoning rule for combining hard and soft
evidence. NEOMYCIN has rules for reasoning about the evidence it
has collected, so connections between data and hypOtheses are
separate frrim the contexts in which they will be used.

These forms of knowledge--a (top-down) strategy, an
etiological taxonomy, world facts, evidence weighing rides—form a
basis for a psychological model about knowledge orgIni:ation and
access, but they are not sufficient. Consider the above rule again.
How does a phys.cian remember to ask about alcoholism" How does
he remember the connection with diplococcus" Experts use a rich
set of organizational aids and mnemonics for accessing their
knowledge.

For example, one can think of 'taking the patient's history' as
a process of "determining the differential of possible causes.' Under
this strategy, the expert follows the principle (rule model) that
'compromised host conditions broaden the differential by suggesting
special causes." Alcoholism is one ot these conditions. The
association to diplococcus might be remembered as a simple causal
story: alcoholics breathe in their own secretions, so organisms
found in the mouth find their way to the lungs, causing pneumonia
NEOMYCIN incorporates these psychological aids: II a
representation of diagnostic strategy that provides a meaningful,
useful orientation for collecting data ("attempt to broaden the
differential"), 2) structural associations tor indexing evidence to
consider (abstractions such as 'compromised host conditions' and
rule models that use them), and 31 rule lustifications that relate
data/hypothesis associations to underlying causal processes

2

C. A .ealist,c Dr(*ern-solver needs focusing stratepes 

As we mentioned above, we can't use 1.4YCIN for teaching
about diagnosis because the range of problems it knOwS about is
not realistically wide enough But if we simply added Knowledge
about more diseases and when to order laboratory tests we would
be in trouble: a top-down diagnostic strategy is inadequate for a
broader range of problems. The combinalorics of the medical
diagnosis search problem make it impossible for an expert to
consider every infection, to work top-down. Initial information most
commonly brings the physician into the middle of his taxonomic
hierarchy (via the 'compiled assoc.ltions' such as the trigger rule
given above). Working from the middle, the physician must first
look upwards to focus the possibilities (is it a traumatic proces5?
cancer?) and then refine downwards. The apprnach used by
MYCIN's rules only works because the user of the program is the
One who focuses On meningitis. MYCIN can verify that the historical
and laboratory evidence is consistent with meningitis, but it doesn't
have the knowledge for considering it in the first place. The
program has only two infections to consider and does not Know
about other %uses of the findings eported by the user.

For the program itself to shoulder this focusing burden (so
that GUIDON can teach it to a student), we should more properly
think of its area of expertise as being reiated to the Observations a
user will bring to it, rather than the problems it knows how to
confirm and refine. Thus, WYCIN's area of expertise is "meningitis";
in contrast, NEOMYCIN deals with 'abnormal neurological signs" or
'headache and lever.' In order to give —F.OWYCIN the capability tO
deal with a broader range of problems, to actually have it think of
other causes of headache and lever, we: 1) expanded the etiological
knowledge to include broad categories of other, non-infectious
problems, such as 'toxic problem,' "n.oplastic problem"; 2)
incorporated the focusing strategy of "group and differentiate' so
the program could manage this broader range of poss.bilities; and 31
to enhance the program's ability to apply this strategy we added
knowledge about disease processes, knowledge that cuts
orthogonally across the etiological taxonomy.

II AN OVERVIEW OF NEOMYCIN

A few words about the character of A(YCIN's probiem domain
are ;n order. We assume that a diagnosis or probiem solution
consists of an ordered list of problem causes that have been
selected from a fixed, hierarchical space of hypotheses (e.g., 'cancer
Process", "chronic meningitis") or stale categories leg., 'mass lesion
in the brain"). We assume that an Informant presents a problem to
the program, which acts as a consultant, the role played by a
student using GUIDON. There are two types of data. soft data
(circumstantial or historical) and hard data (laboratory or direct
measurements). Some of the evidence may be missing, and
conclusions will usually be uncertain.

A schematic of the NEOMYCIN system (Fig. 2) illustrates the
various knowledge sources and their relation to the strategic
knowledge and °Merin' al These components are shown as icons
expanded in SUbSeque figures. The interpretation of Fig. 2
follows.
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Figure 2. Components of the NEOMYCIN system

-- There are four kinds of domain rules: 1) causal rules
form a net of physiological states aid disease categories, ultimately
linking raw observations (incoming data) to the etioiogical taxonomy;
2) trigger rules associate data with etiologies, which are placed as
hypotheses in the differential (maintaineo so that general causes
are replaced by their more specific descendents), 3)
datelhypolhesis rules associate circumstantial and laboratory data
with diseases, as do trigger rules, but only those rules focused by
the differential are tried when the data is circumstantial (that Is, the
associations that 'come to mind" are those hypotheses already in
the differential, as wel! as the nodes of the etiological taxonomy
which hang below the hypotheses of the differential); 4) screening
rules (not shown) form a hierarchy of abstractions and restrictions
On data (e.g., if the patient is not immunosuppressed, then he is not
an alcoho(ic') which are applied by oackward chaining, in an attempt
to determine a datum without asking the user.

-- Other domain knowledge (not shown), orthogonal to the
hierarchies of cause, considers diseases as processes having a
location, extent, progression of symptoms, etc. One form of disease
process knowledge is represented as a frame-like description
associated with diseases in the etiological taxonomy, and is used to
differentiate among them. A second form consists of a list of
process-Oriented, follow-up questions that should be immediately
asked when some disease category or physiological stale is
implicated (for example, to establish when symptoms occurred and
their ordering and change in severity).

-- The meta-strategy for doing diagnosis consists of a
hierarchy of domain-independent meta-rules. In general, these
meta-rules examine the differential, and make use of the el,ological
taxonomy, causal associations, and disease pro:ess knowleage to
decide what datum to request next. A typical strategy rule is
shown in Fig. 3.

META-RULE397 (for the task Group-and-Differentiate)

If: there are two items on the differential that differ
in some disease process feature

then: ask a question that differentiates between these
two kinds of processes

Figure 3. A typical strategy rule.

The annotated typescript in the next section shows how
these forms of knowledge interact in practice. Subsequent sections
provide a few more details about the representation.

Ill A SAMPLE CASE

To illustrate the ideas presented above, a simple case was
presented to a stripped-down version of NEOMYCIN (there are
generally only on Sr two rules to establish each hypothesis). Only
the collection of circumstantial evidence is shown. Observe the
many different reasons why a question is asked; this is a reflection
of the complexity of the diagnostic strategy. NEOMYCIN is
hypothesis- and data-directed. In contrast, MYCIN only asks a
question to evaluate a clause of a rule for the goal it is pursuing.
Its rules are not sorted by conclusion, so its questions appear to
Skip back and forth randomly among hypotheses. It is not
-backward chaining" per se that distinguishes the two systems, for
NEOMYCIN essentially backward chains through its strategical rules.
It is NEOMYCIN% forward, non-exhaustive reasoning and
management of a space ot hypotheses that makes it reason more
like a human.

(For brevity, the trace of rule conclusions is of the form
*Conclude: PARAMETER is VALUE (CF)," The context is always
PATIENT-2. Strategical tasks era sometimes abbreviated. Fig. 4
relates meta-rules to tasks.)

7-Dec-80 (6:18:25

 PATIENT-2 

task MAKE-DIAGNOSIS METARULE384 succeeded
task IDENTIFY-PROBLEM METARULE385 succeeded.

Initial tasks are unconditional. The first step Is to collect
identifying data, followed by the reasons for seeking
advice

Please enter information about the patient.

Name Age Sex Race

1) as J.SMITH 4 MALE CAUCASIAN

2) Please describe the chief complaint:

(Enter keyword or phrase)

as DIPLOPIA

Diplopia Ls recognized to be a neurological sign which
triggers meningitis, and leads to a follow-up question
(associated with IVEtillOSIGN)...

antecedent P1JLE376 succeeded.
Conclude: NEUROSIGN is YES (1.0)
antecedent RULE426 succeeded.
Conclude: INFECTIOUS-PROCESS is MENINGITIS (.7)

Differential: Adding MENINGITIS

3) Now many days has J.smith had abnormal neurologic signs?
cc 13



Trying evidence rules: LENSIGN -> CI-IRONIC-MENINGITIS
Trying RULE524/PATIENT-2; RULE524 succeeded.
Conclude: MENINGITIS is ACUTE-kAEMNGITIS (-.3)
Conclude: MEN/NGITIS is CHRONIC-MENINGITIS (.3)

Different:al.
replace MENINGITIS with CHRONIC-MENINGITIS

Another antecedent rules la associated with DIPLOPIA—.

antecedent RULE373 succeeded.
Conclude: BRAIN-PRESSURE is YES (.8)

BRAIN-PRESSURE suggests a MASS-LESION—these
antecedent rules all model Immediste, forward lIfferences
that we observed In experts._

antecedent RULE375 succeeded.
Conclude: MASS-LESION is YES (72)

Differential: Adding MASS-115)0N

Any other information!
les HEADACHE

Hers • trigger antecedent rule requires more Information
before It can be applied....

4) Does J.smith have a stiff neck?
is YES
antecedent RULE424 succeeded.
Conclude: INFECTIOUS-PROCESS is MENINGITIS (.9.)

Any other information?
is NO

The program now takes initiative, starting its main
history-taking task of "establish the hyputhesIs space"
(hereafter, Er(S) fne diffirenti•1 his new, unexamined
elements, so the "group and differentiate (G4tD) task is
Invoked first METARLILE400 recognises that the

etiological ancestors of chronic meningitis have not been
explored, so an attempt Is made to confirm (task PURSUE-
HYPOTHESIS • PH) that an Infectious process Is causing
the problem....

Enter ENS loop: focus • NIL
task METARULE427 succeeded.

Review differential: MASS-LESION CHRONIC-MENINGITIS

Enter G&D loop: focus • NIL
task kAETARULE400 succeeded.

Enter PH loop: focus - INFECTIOUS-PROCESS
task METARULE410 succeeded

5) Is Jernith febrile?
Cs Y

anteceJent RULE423 succeeded.
Conclude:
DISORDER-ETIOLOGY is INFECTIOUS-I-"(XESS (.7)

There an no further questions tu ask, an int•rrupt returns
control to the Gk., task No rules succeed. so control
returns to the ENS task The 'explore and refine' ((AR)
(ASI; silently refines mass-lesion. expanding the
differential by different etiological categories, •mi so
triggering return to the ENS task

obse•ved STOP-PURSUING METARULE408

Repeating CAD loop focus • INFECTIOUS-PROCESS

Repeating ENS loop: focus - INFECTIOUS-PROCESS
task METARULE428 succeeded.

Enter E&R loop: focus • INFECTIOUS-PROCESS
task METARULE429 succeeded.

4

ooserved STOP-EXPLORING METARULE407

Repeating ENS loop: locus • INFECTIOUS-PROCESS
task METARULE427 succeeded.

The first step 1.1 &pin to review the differential, a
process observed In •xperts PlISCOS.1 features of brain
abscess and chronic meningitis are compared, they both
Occur In the central nervous system, are chronic
problems, and are infectious, but brain abscess Is a
localized problem NEOMYCIN asks a question to
discriminat• on this basis ...

Review differential: BRAIN-ABSCESS HEMATOMA
PUS-IN-BRAIN CHRONIC-MENINGITIS

Enter G&D loop: focus - INFECTIOUS-PROCESS
task METARULE397 succeeoed.

6) Does J smith have local neurological signs?
se NO
Trying evidence rules: FOCALSIGNS -> BRAIN-ABSCESS
RULE179 failed due to clause 1

The program has not been supplied with knowledge for
confirming other causes of nulls lialon (11.1. traumatic
hemorrhage, tumor), so it Is unable to continue Its
grouping operation. and begins an exploration cyc/....

Repeating G&D loop: focus - INFECTIOUS-PROCESS

Repeating ENS loop: locus • iNFECT)OUS-PPOCESS
task METARULE428 succeeded.

Enter E&R loop: focus - INFECTIOUS-PROCESS
task METARULE402 succeeded.

Enter PH loop: focus BRAIN-ABSCESS
lass METARULE409 succeeded

Now directiy focusing on brain-abscess, the program
'realizes" that data supplied earlier Is relevant
( rule4.33). Chronic meningitis Is then considered by
refining it and pursuing specific causes. Pursuing re.
NEOMYCIN follow, the strategy of confirming the first
('enabling") step In she dl  process contact with the
organism....

Trying evidence rules: MASS-LESION -> BRAIN-ABSCESS
Trying RULE433/PATIEN1-2; RULE433 succeeded.
Conclude: INFECTIOUS-PROCESS is BRAIN-ABSCESS (.216)

Observed STOP-PURSUING METARULE408

Repeating ER loop: focus BRAIN-ABSCESS
task METARULE429 succeeded.

Enter PH loop: focus TE'-MENINGITIS
task METARULE4I 1 succeeded

7) Does J smith have a TB risk factor?
is YES
Trying evidence rules: TBRISK -> TB-MENINGITIS
Trying RULE525/PATIENT-2; RULE525 succeeded.
Observed STOP-PURSUING METARULE408

Pocusing strategies dictate that a sibling be considered
n•xt Fungal men ngitls Is refined, and a Child,
cryptococcus, pursued....

Repeating E&R loop: focus • TB-MENING1TI5
task METARULE401 succeected.
Enter PH loop: focus FUNGAL-kAENINGITIS

Repeating ERR loop: focus • FUNGAL-MEMNGIT1S
task METARLILE399 succeed?d.
Enter PH loop: locus ■ CRYPTOCOCCUS
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A cancer patient Is at some risk of getting cryptococcal
meningitis Asther than asking directly If the patient has
cancer. the program models an exper.'s efficient casting
of • wider net by asking a more general question.

Specifically, there are 'screening rules. that lead it to
determine first If the patient Is immunosupp d
(rule395) and then compromised (ruie)43) This ls the
only form of backward chaining that occurs in
NEOMYCIN.

task METARULE431 succeeded.

—(0) Findout: LEUKEMIA
--(1) Findout: IMMUIVOSUPPRESSED

Trying RULE343/PATIENT-2;
8) Is J.smith a compromised host le g alcoholic,

sickle-cell-di , immunosuppressed)?
vs YES
RULE343 faded due to clause 1

If the patient were not compromised, the program could
have concluded that he is not lmmunosupp d
(rule343). Now It Is unsure and must ask lirectly. If the
patient is not immunosuppressed, the program will know
that he does not have leuk•mla (r5le395). he answer of
"leukemia' below implies "Immunosuppressed," CO
ru/e39.5 falls, and the original soil ii determined.

--(1) Finished: IMMUNCSUPPRESSED

9) Is J.smith immunosuppressed g. corticosteroid therapy,
cytotosic drug therapy, radiation therapy, leukemia)?

es LEUKEMIA

1 will assume that leukemia is one of the diagnoses of J smith

RU1E395 failed due to clause 1

--(0) Finished: LEUKEMIA

Trying evidence rules: LEUKEMIA -> CRYPTOCOCCUS
Trying RULE056/PATIENT-2; RULE056 succeeded.
Conclude: FUNGAL-MENINGITIS is CRYPTOCOCCUS (.3)

Repeating ERR loop: focus • CRYPTOCOCCUS
task METARULE401 succeeded.

Attention turns to a sibling. Again, the 'enabling step' Is
asked about first....

Enter PH loop: focus C.00CIDOIDES
task METARULE411 succeeded

10) Has the patient ever been to a cocci-endemic area?
es NO

Trying evidence rules: COCCI-ENDEMIC -> CCCC.04)10ES
RULE570 failed due to clause 1
RULE287 failed due to clause 1
observed STOP-PURSUING METARULE408

Repealing ERR loop: focus • COCCIDI040ES

Repeating EHS .0op: focus COCCIDIOIDES
task METARULE430 succeeded.

Having exhaueted Its limited knowledge, the program
find., no other relevant, hypothesis-oriented questions to
ask. Several general questions are asked...

II) Is Jomith receiving any medications?
ate NO

Repeating EHS oop f oc us .• COCCIDIOIDES
task RULE430 succeeded

12) Has J smith be•n recently hospitalized'
cc NO

5

Repeating El-IS loop: locus • COCCIDIOIDES

If additional data had been supplied. new hypotheses

might have been placed on the differential and strategies

for grouping or refining might have been called into play

once again This ends the history-taking process. Neat

the program would order laboratory teals. process them,

and perhaps return to gstnerIngclrcumst•ntial •videnc•

IV THE DIAGNOSTIC META-STRATEGY 

Formalizing the diagnostic strategy from protocol analysis
was the most difficult part of designing NEOMYCIN. Fig. 4 shows the
general outline of the meta-strategy. Each non-terminal node in the
tree stands for a task that is achieved by a set of rules. An
important aspect of our model of diagnosis is that the process can
be taught as a task-posing activity: the problem-solver thinks in
terms of what he is trying to do (e.g., to consider unusual causes
and so broaden the differential) in order to bring knowledge
sources to mind Thus, the meta-strategy is structured so the tasks
make sense as things that experts try to do.

Maka•dia5rosis (3841

Ptocet harcl
es

Identify•problem(3851 Establisn-hypothesis spao:
(427

initial
into

mei
complaint gen I

review datetental E•plore&tetin•

GroupgdOtetent.at•

not :.)trbaci process split top uoexpioreo
1350! (397) :WO(

Pu"ue hYpOthest4

54.13PeO evtd
(409)

0.-abi■h9 other
14101 [4 •: (4,311

Findout

Oat a

Figure 4 NEOMYCIN's diagnostic meta-strategy
(Rule numbers in brackets appear in the sample typescript]

Fig. 4 shows that the main object of the meta-strategy is to
decide what data to collect next (invoke MYCIN's FINOOUT routine),
generally by focusing on some hypothesis in the differential. Aside
from collecting initial information, the basic idea is that collecting
circumstantial evidence is a process of establishing the hypothesis
space. This process takes the form of considering what could cause
the reported data, grouping and refining the differential, and asking

general question! 
• 

A great deal 01 what we might call heuristic
confidence is placed in the general questions, which constitute the

'Group and differentiate" is used here in the loose sense of
establishing general focus on a process that is consistent with
hypotheses suggested independently by the data. Clustering
multiple ways) and discrinwnating, the usual meaning Of the term, Is
one operation for achieving this focus.



Outline Of the 'history taking process as it is generally taught to
medical students. However, strategies for using causal and disease
process vledge enable the expert to be an efficient problem
solver in a combinatorially large space, and those strategies are
generally not taught. (A later publication will discuss NEOMYCIN's
meta-strategy in more detail.)

•
The implementation is in terms of hierarchical meta-rules,

which as a whole constitute the mete-strategy. Fig. 5 illustrates
how the rules for a given task are treated as a pure production
system—they are repeatedly tried in order, returning to the head
Of the list when one succeeds, stopping when no rule succeeds or
art end cOndition is true.

( RULE -

TAS
;

RULE 2 • • •

/

END CONDITION TEST

RULE-N

SUBTASk • • • SUBSTASK.N

/ l\\

Figure 5 Rule-hosed invocation and interruption of

strategical tasks

The end condition is itself determined by rules, and is
inherited as we descend into the hierarchy of tasks. The main use
or this feature is to allow refocusing when new data changes the
state of the differential, as well as non-exhaustive consideration of
hypotheses

V TIOLOGICAL TAXONOMY, CAUSAL AND
DISEASE PROCESS KNOWLEDGE

Some details of the implementation are given In this section.
The etiological taxonomy (Fig A) is implemented as EMYCIN
parameters in which the values fur one parameter (e.g., chronic
meningitis) are themselves parameters (e.g., Tb-meningitis and
fungal-meningitis). We call has. taxonomic paremeters.

Causal knowledge (Fig. 7) is represented as rules marked as
being causaI, and modified by a certainty factor, as all ($IN rules.
A causal rule of the form if A tnen 8 implies that A is caused by
B, the direction of the association which is most generally useful for
interpreting data and refining hypotheses. These rules mention
data parameters, taxonomic parameters or state-category
parameters. State-category parameters stand for
pathophysiological stales or categories of disease (e.g., a mass
lesion in the brain). We are investigating the possibility of using
Poole's "planning links. [22) to more preciseiy distinguish between
causal and subtype links." Causal rules are used by the "explore
and refine' task to work backwards from state-category hypotheses
in the differential to prior causes, and ultimately to diagnostic
hypotheses in the etiological taxonomy (as shown in Fig. 7).

D SORDER ETIOLOGY

NEOP_ASTIC iNFECTiOUS CONGENiTAL TRAUMATIC TOXIC

BAC7EREMIA MEN NG-IS Cy TiTIS

/
BRAIN ABSCESS

ACUTE CHRONIC

/ /BAC RIAL isiRA L PART. A, R x TB FUNGAL

/ \ 
/ \GRAM NEC SKIN ORGS ,OTHE OROS) CRY PT COCCI

M I\\

Figure 6 Portion of etiological taxonomy
(links represent specialization of cause)

'NCR BRAIN PRESSURE

MASS LESION

TumOR HEA4-TOHA PUS iN BRAIN

\t'
BRAIN

ABSCESS

HEMORRHAGE

/04,..!...,

ANEURYSM

SUBOLIRAL

EloPvEmA

MYCOTIC ANEURYSM

Figure 7 Portion of causal rule network,
showing connection to etiological taxonomy

So caned because they indirectly control the invocation of
the domain-dependent object rules. Davis' cOnception of meta-rules
was that they would drectly order object-level rules. However, in
Our theory of diagnostic strategy, meta-rules reason about Ity
state of the differentia and knowledge sources (kinds of evidence)
that could change it in oesirable ways. Thus, our meta-rules choose
kinds of ob!ect rules (hypothesis-confirming, process-oriented,
causal)

••
While we might say that an unknown min.! lesion (a space-

occupying substance) is caused by a tumor, it is more proper to
represent a turn°, as a kind of mass lesion.



Disease process knowledge is represented as a frame
associated with certain taxonomic parameters. Slots are process
descriptors such as "extent," 'location," and 'course', associated
with a literal value and a pointer to the parameter to establish it.
For example, associated with brain abscess is the triple (EXTENT
FOCAL FOCALSIGNS), meaning that the extent of the disease is focal
and this can be determined by asking about 'focal signs." Disease
process knowledge is orthogonal to the etiological taxonomy, making
it useful for grouping and discriminating hypotheses (see typescript
before question 6).

VI RELATED RESEARCH

Besides the ICAI projects cited in the introduction, our work

has been motivated by previous research in teaching problem-

solving strategies leg., (19) (6) POP. We believe NEOMYCIN is the
first attempt to formalize a runnable psychological model of

diagnostic strategy which can be presented to a student. As should

be obvious from our representations, a considerable debt is owed
to the medical problem-solving literature, cited above

Both Reggia (23) and Aikins (I) modified the MYCIN system to
make it more acceptable to physicians, particularly to improve

knowledge acquisition. Aikins use of an etiological taxonomy and
trigger rules, derived from Rubin's work, is particularly close to our

approach. However, we go a step further by representing

strategical knowledge separately in domain-independent form. Our

teaching application has also made clear the importance of disease

process knowledge for broadening the diagnostic range of a
consultation program

Other research in cognitive psychology has been helpful to

us, particularly studies at the Learning Research Development

Center [2], (10), (15j in modelling the differences between experts

and novices in geometry and physics problem solving. To some

extent, our attempt to "decompile" WYCIN's knowledge is the inverse

of Anderson's testi of modelling how a novice composes and

generalizes knOwlf;dge from experience.

VII SOME LIMITATIONS

Poole's experience has been useful to point Out limitations in

our design. He snows that a simpl.stic causal network is not

adequate when an attempt is made to represent all of general

internal medicine (22). For example, when the causal connections

between data and the taxonomy are long and complex, it may not be
feasible to follow each paln (possible cause). His 'bridge concepts"
(similar to Feltovich's "logical competitor sets" (15)) are attempts to
model how an expert jumps over to distal, tentative hypotheses.
They essentially provide a quick way to find the intersection of

causes for a set of disease symptoms.
Similarly, Rubin's thesis illustrates a number of strategies for

combining hypotheses (for example, relating complications arid

causes) that we have not yet found to be important in MYCIN's
domain. To this extent, our model is not the complete story of

human diagnostic reasoning, but it can be built on as we expand our

experience into other domains. We do not yet understand how an

expert organizes his differential; now context is saved and restored
from interrupts; how urgency, cost, and human values factor into

the diagnostic process; and so on.

VIII SUMMARY OF WHAT WE LEARNED 

In order to teach diagnosis we need a psychological model of

problem-solving. in particular, (lesson 1) we need to incorporate

into our model the medical knowledge and strategies an expert uses
for initial problem formulation. An expert thinks in terms of a
hierarchy of causes and the process characteristics of a disease so
that he can order the data and his search. Moreover, an expert has
learned 'compiled associations" that allow him to efficiently 1)
associate hypotheses with data (trigger rules, Poole's bridge
concepts), and 21 cast a wide net of questions (general, screening,
and follow-up (pinning-down) questions).

7

Also, (lesson 2) we need to represent the various kinds of
knowledge explicitly so that they can be accessible for leaching.
Our method is to represent strategical knowledge in domain
independent form, wholly separate from the medical knowledge
described above. This requires that the medical knowledge be
organized so that it can be indexed by the strategies (e g , as the
disease process frame links abstract features to data points).

In a sense, we have re-discovered the procedural/declarative
problem, as have other cognitive psychologists , Anderson,
Rumelhart (25)). We allow for the fact that the expert has
composed associations, so he does not think about the justifications
of data/hypothesis links, and he makes wide tentative jumps to
'bridge concepts. However, we represent these compiled
associations declaratively for flexible use, and redundantly store
intermediate steps (as text) to allow for explanation of reasoning,

IX FUTURE RESEARCH

Development of NEOMYCIN and GUIDON will proceed in

parallel. We intend to compare NEOMYCINfs performance to tvfYCIN

to determine if our more principled representation has changed the
performance of the system This is a possibility because we have

simplified some rules so they represent more closely the
associations a human expert normally remembers. Preliminary runs
give comparable results, though NEOMYCIN asks fewer questions

because of its focused approach. We also intend to use our new

representation for a computer failure diagnosis consultant, to lest

the domain-independence of our mo-lel.
GUIDON2, a new version of GUIDON, will use the NEOMYCIN

representation, making it possible to articulate diagnostic strategy.
A new phase of development will begin as we try to use the
diagnostic strategies (and variants of them) for interpreting student

behavior, leading to capabilities to evaluate partial solutions and

provide assistance The first version of GUIDON attempted these

things, but was riot able to recognize or suggest psychologically

valid approaches.

ACKNOWLEDGEMENTS

We are especially grateful to Dr. Timothy Beckett, MO, for his
patient explanations, and willingness to be directed in our
discussions Bruce Buchanan and Bob London have also contributed
to the GUIDON project.



REFERENCES

1. Adkins, .1 S. Prototypes and production rules: a knowledge
representation for computer consultations. PhD thesis,
Computer Science Department, Stanford University, (STAN-CS-
80-814), August 1980

2. Anderson., J. R., Green°, J. G., Kline, P..1., & Neves,
D. M. Acquisition of problem-solving skill. Carnegie Mellon
Technical Report 80-5. To appear in J. R. Anderson (Ed.),
Cognitive Skills and their Acquisition.

3. Barr, A., Beard, M., Atkinson, R. C The computer as a tutorial
laboratory: the Stanford BIP prolect International Journal of
Man-Machine Studies, 1976, 8,567-596.

4. Brown, J. S., Burton, R. .R., & Zydbel, A model driven
question-answering system for • CAI environment. AFHRL-TR-
72-39 Lowry AFB, CO: Technical Training Division, Air
Force Human Resources Laboratory, March 1973.

5. Brown, J S., & Burton, R. Multiple representations of knowledge
for tutorial reasoning in 0 G. Bobrow & A. Collins (Ects•),
Representation and Understanding. New York: Academic
Press, 1975, 311-349.

6. Brown, J. S., Collins, A., & Harris, G. Artificial intelligence and
learning strategies. In O'Neill (Ed.), Learning Strategies. New
York: Academic Press, 1977.

7. Brown, J. S., & Burton, R. R. Diagnostic modelr for procedural
bugs in basic mathematical skills. Cognitive Science, 1978,
2(2), 155-192.

8. Burton, R. R. An investigation of computer coaching for informal
learning activities. The International Journal of Man-Machine
Studies, 1979, 11, 5-24.

9. Carbonell, .1. R. Mired-initiative man-computer instructional
dialogues (BBN Report No. 1971). 1970.

10. Chi, M. T. H., Feltovich, P. J., Glaser, R. Repritsentation of
physics knowledge by experts and novices. University of
Pittsburgh, Learning Research and Development Center,
Technical Report No. 2, March 1980.

11. Clancey, W Tutoring rules for guiding a case method
dialogue. International Journal of Man-Machine Studies, 1979,
11, 25-49

12. Clancey, W. Transfer of rule-based expertise through a
lutorirl dialogue. PhD thesis, Computer Science Department,Stanford university, (STAN-CS-769), August, 1979.

13. Davis, R. Applications of meta-level knowledge to
the construction, maintenance and use of large knowleige
bases PhD thesis, Computer Science Department, Stanford
University, (STAN-CS-76-552), .lily 1976.

14. Elstein, A. S., Shulman, L. S., A Sprafka, S. A. Medical problem-
solving: An analysis of clinical reasoning. Cambridge: Harvard
University Press, 1978.

15. Feltovich, P. .1., Johnson, P. E., Moller, .1 H., & Swanson, D. B. The
role and development of medical knowledge in disgnost:c
expertise. Presented at the 1980 Annual meeting of the
American Educal,onal Research Association.

8

16. Goldstein, I. Developing • computational representation for
problem solving skills Proceedings o the Carnegie-Mellon
Conference on Problem Solving and Education. Issues in
Teaching and Research, Octobe, 9-10, 1978

17. Kassirer, J. P. & Gorry, G. A Clinical problem solving:
behavioral analysis. Annals of Internal Medicine, 1978, 49,
245-255.

18. Miner, P. B Strategy selection in medico" diagnosis.
Massachusetts Institute of Technology, MAC TR-153,
September 1975.

19. Papert, S. Teaching children programming IFIP Conference
on Computer Education. Amsterdam: North Holland, 1970.

20. Pauker, S. G., Kassirer, J. P., & Schwartz, W. B Toward the
simulation of clinical cognition: taking the present illness by
computer. The American Journal of Medicine, 1976, 60, 981-
995.

21. Pauker, S. G. & Szolovits, P. Analyzing and simulating taking
the history of the present illness: Context Formation. In
Schneider/Segvali Hein (East, Computational Linguistics in
..,•edicine. North-Holland Publishing Company, 1977, 109-1111.

22. Pople, H. E. Heuristy methods for imposing structure on ill-
structured problems: the structuring of medical diagnostics. In
Artificial Intelligence in Medicine, AAAS Symposium Series,
Westview Press (forthcoming 1981).

23. Reggie, .1. A. A production rule system for neurological
localization. Proceedings of the Second Annual Symposium on
Computer Applications in Medical Care, Silver Spring, Maryland,
1978, 254-260.

24. Rubin A. D. Hypothesis formation and evaluation in medical
diagnosis. Artif.cial Intelligence Laboratory, MIT, Technical
Report Al-TR-316, January 1975.

25. Rumelhart, D. E. & Norman, 0 A. Analogical processes in
learning. University of Californ a, Sari Diego, Technical report
8005, September 1980

26. Shortliffe, E. H. Computer-hased medical congultations:
klYCIN New York: Elsevier, 1976.

27. Stevens, A. L., & Collins, A. Multiple conceptual models of a
complex system (BBN Report No, 3923) In R. Snow, P. Federico
and W. Montague (Eds.), Aptitude, learning and instruction:
Cognitive process analysts, 1978.

28. Swanson, 0. B., Feltovich, P. J., & Johnson, P. E. Psychological
analysis of physician expertise: implications for design of
decision support systems. 14E01NR:177, 1977, 161-164

29. van kAelle, W. A domain-independent production-rule system
for consultation programs PhD thesis, Compute, Science
Department, Stanford University, (STAN-CS-820), June 1980.

30. Wescourt, K. T., & Hemphill, L. (1978). Representing
and teaching knowledge for troubleshooting,
debugging. Institute for Mathematical Studies in the Social
Sciences, (Tech. Rep. 292), Stanford University, 1978.

31. Yu, V. L., Fagan, L. IA, Wraith, S. M., Clancey, W. J., Scott, A. C.,
Hannigan, J. F., Blum, R. L, Buchanan, B. G., Cohen,
S. N. Antimicrobial selection by a Computer -- a blinded
evaluation by infectious disease experts. Journal of the
American Medirwl Association, 1979, 242, 1279-1282.



•

I

12

•

Nary

I Or 1.0 •11.t,
Ns.) Pemonne RIO Ceram
Sar Dine, CA 02152

Men1S Dawn
NFIRIC
Cock P309
San Lego CA 92152

1 Dr Robed Want
CodeN 711
NA v I RAF OUPCE N
Diane° Ii. 32013

1 CDR Wk. Cot, •,n
()MCC cI Nayal Reword,
WON DI4"Cl SI
r.oide 770
Anngton VA 22217

OR PAT Ff °FRC°
NAVY PERSONNEL RIO CENTER
SAN 01( GO CA 9215;'

Dr Joni" rad
Navy Pwsonnel RID Greet
Sae Dego CA 92157

11 51Cc10 0 name. MSC USIA
Code o021
Not, Ow DeAsoevneel Genie.
Wertecsin PennsWvand /674

Dr Jowled.,
Code 304
Nan Petsennei 0 & 0 (Anse,
San Pete CA 92152

1 Dr Nr411,64‘ J Kerr

C4'..t. 0, Naval TOCN•Call
tvdva, Ax SlaVor MenvoN1(75)

TN 36054

waren L Ma1o0
Yror‘C•1.3, Crollar 10,
EdoLaIne Iwo Trains%

Ninai Trweing Command Code 00A
Pensacola rt 32506

1 CAP? RierLid L Marne. USN
Pratoecave Commanding Oneer
1155 Can vire, 1CVN-701
Nee.e.ei News SnCemokle9 and D.1.00Cr. Co
N•wet,.i New% VA 27

I IV -1/0,10. Irkl"•10•
Periumel RIO Career

Cm. Dego CA 92152

I 13. Wiliam Montague
Nat, Poso.v,e. RID Cent',
Can Dego CA 92152

Teo m 8e41e4?
rect./we'll crummier.. Once Code 701
NAvv PERSOMIEL RID ciNTER
SAN MEC() CA 92152

I 41.0 Code P2011
Navy Personnel RIO Creole
Si.' Devil CA 92152

I Tic, -.Cal Owl1C10,
Navy Personnel R&D Genie
Si- Osego CA 92152

I Convynnong Cahoot
1.44:w4, Hesearer I nteltatee•
Code 2627
W,shingice DC 20300

Ilm,snougist
O40 LA. 1.7.7, One*
Brig 1 ,11 Seclen 0
NGE Sumo*, Street
Stator IVA 02210

1 Paren0e:91d
C/NR Nance Once
546 S Clan Strom
Owcago L accos

1 ()nee or Naval kflearCP
Cede 4.31
14.36 N Owe, 551re89
Announ •• 77717

PavioNel I I ratv.,9 NessalKI, ONI•ww•
4S11/

Once of Navel Ramodore
ArYn910r, VA 22217

Psycno1.9141
ONR Rune* Once
ICUO ast GI.1.1 Sweet
pasaeora CA IP 101

Sewed Ac..t to. Finn:Alen and
T1411409 OF 01E1

Row 2/05 •nnglon Annex
Washeglon OC 203'0

1 Once 01 11.e Chet of Nmval 0004bone
liesearer DewooDywan & Slvders bane',
1041.11S)

Wasnnglon DC 20350

I T Ftanv C nein° MSC USN Mt, 01
smuesion dno Triune.° Reseed, Deaden

PrIN,04,t1.1r.c.• Ster.01,11 DWI
70:ve Aerometer Medea! Relearen Laborat
Pensacola FL 32506

1 Ce Gary P0oCis
Odeabons Resean.r Denotement
Code 56411
Navel Poslutedinda Sehrloi
Manion CA 9.3940

1 FLINN W Remington Pn 0
Co.?. 1.7.2
NAmRt.
Pernalcula FL 32505

Dr awned Remand (03151
Nan Premonnel R&D COrdre,
Sae Dego CA 97157

Corr Word Seanond Dareelee
Reseince De,e1,,utrent Teml 6 FYakenicre
5

Naval Educatior are Tinning Convened
WAS Rensatua I L 32503

Dr Rober1G Snug,
Once e, Ow' 13 Nave 00evalione
OF 96741
Wrsein°11de DC 20350

0. Allred F Synod,
tri•drg A1,7/0.4 I Cr41.31for Groyp

TAE GI
Oeol 01 Mr Nava
0.11.1, R. 32613

• R/ FlocNild SOr•nier,
Nen 0A•00/1,1 RIO Conde
Sac De., CA 92152

Roger Wenwourt•BeWor
Depernmen Acnnerstrierre SICHMCfl•
Na,,') PosIW:duate Senon
Monne, CA 93040

13. RoNwt Were*
Code X:10
Nan Pnmonnel R&D Code
Soir Dwou CA 92152

s Mr Jobe 14 Wont
Code P310
U S Ninnr Refelanst

Deve4.4ovverl Cecil"
See Dego CA 92152

Army

Tweeted' ()vector
LI S Array 11,0enrcl. IrlsJalulf ,Or the

Scbencia
nernOwer Aw•ee

Alexandria VA 22113

Mr Jaynes Baas
Seaways Wee...) Ire/wren' Area
An.., Reserver irs•lute
5001 Enenhoever • ye
Ahniancicia VA 22113

1 C> Bemire* J raw
U AIAII R.•JIC 01• 411101A•
5001 Enentunee. Avenue
Ai...anew. VA 27333

011 FROW J HARRIS
US Area,̀ SL ARCrt *1St 1111 TE
5031 1.6114110W1.1. AVLNUC
ALLmANUR1A VA 22133

U. Meneel elmide
US AFileV RI St ARCH 1■45111UTE
SOW I ISFP*S3WcR AVF.NUF
Al LXANDiliA VA 22333

Dr Mown S kale
learning Tf.C1,r1K-al Nem
US Nrny Reidaten 10.1114/1e
bco Fmmennower AngrAre
AbusAndtia. VA 22133

Ot Redid F .•
All, PE64-010
ANIN ORNION.* WOW*
5001 Easeethowel Avenue
Alexandne VA 22333

Or Acorn Sammie
U S Am, Reftent. InsOlute 40. Ihe

Benevoc al and Social Scenes
5001 Elstnflolwr Avenue
illasmandtia VA 72113

DY 516•11111.116,
flay 1 0' Ilavl
CIft•I 0, Naval Ops111110na
On II)
IlVasIN•alon. CC 20360

• 

Joseein Weld
US A.., Retewel, ••••••
5061 FeenhOwle Avew•
Abexandria, VA 22333

Al Fag

I US At/ C.* Ofl.C.11 SC16.1.01C
R•S•ara

1.1e Sciences Dweekeele
Buie% A.. r01 Rage

Wasienglon DC 70332

I 01 (an • /Awe
MC A7189L I AFSC)
Braes AIR TX 76235

Dr Genevieve Paddad

• 

110,8r,a170.
,,■• Scenes, Dee/Clot/de
AFOSR
BONN AFB DC 20332

7 3703 1041W/1-T0N &op 32
Snmederd AFB TX 70311

Marcee

1 VI NVINIva °Weed
Edge:nen Mem* 16031)
FOuraban Conley max c
Guanaco VA 27131

Slecsal *5144.8 40. Marine
Cards Madan

COO* ICIOIA
011c• el Naval Roseate*
MO Pd OU.C• Si
Sobnalan VA 72217

UR AL SAAF/1064(V
SCIENTIFIC ADVISOR 1C/10( 60.1)
NO US MARINE CORPS
WASNINC ION DC 703150

CossiGur•

1 Owe Psycho:Appeal Rewed, Owed,

• 

S Coast Cuato 1G.1.1 1/2/71429
Was/engem DC 20593

°Mu DoD

17 Dew's' leenwcal anon/van, Coned
couswor Slaleve BIN 5
AIelandnet. VA 223I4
Ade IC

AAA.IA/V 801.11..? I. T. defog and
P•vsavv•I IIPCNNolvey

utiv e 0' I."! limier SeC,Afroy 0. Defense
IrIewlez•cJ 4 F ovrion•vving

▪ 

.% 3.11V 11* er,tapor,
le.r.renglor DC 70301



fl
f9

 T
i
 0
'1
! 

•
'
 

fi
ii

 
ra
T
 

iC
f,
" 

(
1,

;'
" 
(
i
f
'
 i
ll

 
W
i
'

ti
rE

"
i
t
 
1
=
y
1
 
1-
=!
'"
 

k" 
If

>
yi
li
 !

42
 
g4

i1
J 

'
y
i
 

g
0f

1;
 
;
I
"
 "
v
i
;
 

qt
c7

,1
 

f
l
'
 0
4
;
 0
,

k1
 

.
s

o
t
,

!.
'z
A 

N
t
<
 
Fl
ii
 

4
4
;
 8
1:

 
si

t 
Fi

t=
 
gi

ky
 

if
a 1
 

'p
i 

1
 1
 

e
-
1 

"
A
i 

1-
 

1 
'4
 

1"
 

1 1
- 

s
# 

# 
i;
 

„„
.

9 
ik
 

Qg
 

1
7 

*4
 
i
i

f 
i
g

- 
- 

gli

- 
.
 

.
 

.

A
r
 
i
a
 
7 

1
,2
7.
1i
 
q
m
 
28
,
,
I,
 
.
t.
z.
2 
1
§
6

5
2
 
,
 
p

.
1
,
3
 

I
t
y
,
A
,_
 
W
.
?
 
,
1
6
-
i
9
 
V
P
 
9
=
q
e
 
:
W
V
 
W
A
g
 
u
p
 
;
t
:
4
9

W
 

H
P
 
W

i
i
 
P

1
9
 
f
i
r
 
.
1
.
i
i
;
 
r
V
2
 
*
S
p
 
1
W

-
9
 
c
g
x
'
 

i
F
S

5
g
;
 
1
 
q
 
d
i
!
, 
f
q
t
 

--
i
l
i
 
*
P
i
 
Yi

:-
; 
O
il

 i
ii
l 
q
i
 !
 0
1
!
 4
-4

i 
Ii

i 
!i
ii
! !
IX
 

!I
I!

 q
!!

I
.
 v 

_ 
2 

, 
•..

; .
..,

,.
- 

.,
- 

-;,
,, 

,w
.,

 :
 %,

 ,
 

k
r
-

i"
 
.
0
 
0
 
F
i
4
0
 
>
w
l,
 

V
i
m
P
 

=7
.1
1,:
4
 
..

.7
4i

Y 
A
i
e
V
 !
C

I!
 l
'
A
M
 
g
 
X
,
7
4
 
t
E
0

-
 

V
W
6

1
.
 

1
1
#
 

1_ 
f
i
 
g
 
e
 
g
 

1
t
 
"
 .
1
.
 
V
q
9
1
 

r•'
 

Q
 

--Z
2
i'
 
O
i
 
t 

.',
,'I

fj 
'.
.c
.I
ti

- 
!%
"-
10
 

,t,:
 
1
5
i
 
2
5
 
I
 
'

1
 

-
z

sI
T
I
 
§
 

t
i
 

S
 

6
 
2
 

'2
,1
 
a
 

-
 

/
 

t

..
.,
,
,
 

p.
.b f

t
`
 

1
 

8
 
I
 

1
 

.i
mt

t 
e 

gi
 
g
a
.
 .

§ g 
"
 

!
 

f
 

9
 
§

f 
, 

.7„
 

„
i 

7 
4 

7 
g 

,

X
 

1
m o A m A

rf
2 
V
i
?
 

f?
W
9

gt
: 

v1
,2
 
!

g;
,4

 
G
C
(
'
7

4
;
 t
O
 

i
l
=
e
 
f
"
s
 

1
0
4

h
e
 

s
i
t
- 
;
E
l
!

!Y
.T

E
l
i-
 

-3
.
 

f°
§ 

8
 

q

■

p
i
i
 

!
!
1
9 
"
9
 
I
I
;

;
1:
f 
r
i
d
 
15

.1
 

rf
t 

it
 
e
 

p
 
;
q
:
;

12

t 
"
I
t
;
 P
T

a 
s

2



S

•

, (I; 1)5140 •Aw•S
t,terutirm”1 of PSvCI,OMOV
LA,,,rui, of Artrooll
Toycon AZ 65/21

EV Stegner, Kosetyn
nanuarl Unseemly
DeRaelinen1 &PayChO1097
13 AvvianO Seeel
CamOrOge uA0i3R

1 Dr Maecy Lanionan
or Psyc.00lOgy NI 25

Ummtioly of Washonulon
Seam* WA 961115

1 Dr 311 Lamm
Dec./omen, 01 PsycnulogY
Covnegie Mellon OnivWalhr
PoLubuigt, PA 15213

De Alan Lase2010
Learning RAD Cenlw
Lormy.,:+1,, of P■ItsburgI,
poyburu6 PA 15260

Di MARANO Lem,.
Deowlmeel of Eoucalional Paythology
710 Education 11109
Vorverbly of 41.0111
Cn:,nparge 11.61601

1 Dr Et., ArcWelaamit
Scvence Eoucation On, Are Rinearch
Winona, Science Fourklalroe
Washington DC 70550

, Di men. MOW
TI Computer Screoce LW
C/0 2024 wintelpece cave
Piano 111 75075

1 Dr Aeon Munro
Bern/v.1mill TedmolOgy 11100,100050
1045 Elena •ve Fourth Haar
Redondo Beecl, CA 90277

1 I:. DDnarcl • Norman
Deci PSKPKA,gy C•11:19
LA,. of Ce10ornm S.c 010110
I. Joao CA 92043

1 Commillee or 141115151'
JAI 811
2,0, CorsMuloon Ave NW
Wasninglor DC 20.118

Dr Naas Calansey
Insioule lor Defense AnalyaN
403 Wm, Navy Done
ArAnglon VA 22202

Dv Seymour A camel
NatwoC6userls ImMule of 100,0'009y
An,,,cuu ygeliveoCO 4.44

lach^01097 Sauer*
Cmntelege ••• 0i3Q

Dr James A Paulson
Portland State Onivetsely

No. 751

Porllancl. OR 97207

1 I:a 351150 W Pt8ect■10
Unevitsoa, of OgIrkwiya.
Seola aartava

Deol ParCtoi001,
Santa Lialatiara CA 93105

I MO wiG, K1Rte.1.0
143, N F DCE W000 S MEET
AHLNGTEN VA 22307

I Di marMa Poker,
Department on PlyCbOICAT
Campui Box 34
Orfversdy Of Colorado
Boulder CO 80306

DR PETf POLSCN
Of PT Cf PSYCHO OGY
uNivERSIT v Of COLORADO
BOULDER CO 80119

1 Th Steven I Poitroce
Lep..110mo1 0, PSKPO1091
LinnveRty co Danner
Decree CO 60206

M1NLIAT A.4 I RAUCH
P 11
BUNCO SINNiSTFRILAA OLP vERTIOGUNG
poto■ ACti 1326
OTcItIONIa I GE ROMANY

1 Dr 1,50 850
SI SAME
c/o Pnysecli DePaelnwnt
Dowered), of COPIOrmi
BOIkOhy CA 91720

1 DI Lauren ROW•CA
LRDC
University of Pillstwrgh
3139 O'Hara &Mel
PrItsbufgh PA 16213

1 Mary Falay

ROG

ury.pyily of Pilislauegn
39-vo 0 Hata Skeet
Pollsburur P• 15213

Dr Andrew IN Rove
American Inselulits for RmearCe
1055 Thomas Jetlenson SI NW
Wwrelplun DC 20007

1 re Cinfl I 8016500
bell I eboraIonel
600 mountain Avenue
MO., AY MA NJ 07974

1 Dr Dawl Rumeramyt
Cori. .or Humor In1netnaiy.:r PrOceliSIn
Umv Catecama San 041120
La Jolla. CA 92093

DR WALTER SCHNEIDER
DEPT or PSYCHOLOGY
uNNERSITY Cf ILLNOIS
CtlAmPAIGN IL 61620

Dr man Schoenfeld
Decculnwrit 01 MaltweeMets

• 

ca' C011ope
Clolov. NY 13123

CR ROBERT J SEIEW-L
INSTROCTIENAt TECANOLOGY GROUP
HumRRO

;o30 N WASHNGTON ST
ALEXANDRIA VA 22114

1 Committee on Cognitive Reartaid,
% Dr Lonna R Snerroct
Social Science Research Counco
60: lied Avenue
Nee 100 NV 100,6

1 Robert S Sem*,
A nova* Prolnaor
Cainegv Mellon Onivairaily
Depatlenent 01 Pave-PC/INN
SCaOraffy Path

PJL•butul, P• 15713

I Dr E0w1e0 E Wm16
4iu11 Elerihne. A ahrottalla
50 Mo. ow, Sheol
Cain:J.00e MA 02116

De Robe', Smith
Deuartinent cO Computer Scant-.
Rutty, la Mar Say
Phew la 1.0•Swal NJ 08903

I Di Slic.ord Snow
School ce Enucatian
Suinluid thwersity
Stamoid. CA W.

1 De Roger, Slemberg
0,131 Psychoiogy
YIN Umwv•sly
Bar 11A VII SWbon
Nen Hewn CT 01, ,

1 OR ALB( 941 STEVENS
SOtI OE RANI K a NEWMAN INC
50 OACKA ION SI141 ET
EAME194510E 14A 02130

1 135y4 Stone Ph
Hantaine Cur gallium
tem Ole Scen0h0owa NM/
McLean VA 221CC

08 PATRICK 5UPPE5
INSTITUTE FOR MAT,111•• MAL 511.1DIES Id

THE SOCIA1 SCIINCLS
SI ANF ORO UNIVES/SITY
STANI-ORD. CA 94305

1 Di Kiriume Talaucaaa
Compute, Based Education Ramooras

Lettoreloo,
252 Entancorep Research LabarAany
UnverMay 01 IWCW
Lkten• IL 61601

Or Joey, ThomeS
SIll Thomas J WLIsor Refeerce Genter
• 0 No. 211,

fortown 41a101115 NY 10500

1 Di PwrY ThorMIV'm
245 Pam Lan.
aNerlOn CA 414075

1 De Douglas Towne
Um. o' 50 Cahlarras

151201t310av 4.0*

1845 7, t hen. Aye

FroClunclu Beach CA 00277

1 Dr J Leese*,
Pacer:Leon/es Inc
6211 venni Avenue
WouCUmel Ilia, CA 81204

1 Di 8.nlan J Underwood
Dept a' PsycnoIopv
Nwnwestern lAwnesely
Evanston IL 60201

Or nation, S Vaughan A
Ocesoeukcs.
422 Sign, Sher
AnnaPolea. NID 21403

1 De Dane J WIEN
PaSaf) Moe Hall
On...ready 01 MinneaoN
75 E afwer 8054
AmmeaPOAS AIN 55455

I OR GERSHON WEITMAN
PERCEP T STOWS NC
4.271 VARIEL AVE
WOODL ANI) HILL& CA 65367

1 De KNIT, 1 Wescounl
:rocemstion Sciences DMA
The Rani Copaation
5700 Maw SI
Sant. MonGca CA CO



SECuRITY CLASSIFItATiON OF To-41S PAGE (Innen Dat• Entved)

REPORT DOCUMENTATION PAGE 
READ INSTRUCTIONS

BEFORE COMPLETING FORM

1 PEPoRT NUMBER

STAN-CS-82-908, Tech. Resort #5
2 GON.,T ACCESSION NO 3 RECIPIENTS CATALOG NL,MBER

T T.L. E (and Subc.ti•I

Neomycin:Re,configuring a Rule-Based Expert System

for Applicacion to Teaching

5 TYPE OF REPL,' RT & PE ROD COVE RED

Technical, May 1982

6 PERFORMING ORG REPORT NUMBER

STAN-CS-82-908
7 AuTHORIs)

William J. Clancev
Reed Letsinger

6 CONTRACT OR GRANT NumBERtfl

N00014-79-0302

9 PERFORMING ORGAN 2ATION NAME AND ADDRESS

Department of Computer Science

Stanford University
Stanford, CA 94305

10 PROGRAM ELEMENT PRO,ECT — ASK
AREA & WORK UNIT NUMBERS

NP 154-436

12 REPORT DATE

May 1982

13 NC OF PAGES

81 CONTROLLING OFFICE NAME AND ADDRESS

Personnel and Training Research Programs

Office of Naval Research (Code 458)

Arling, VA 22217

15 SECURITY CLASS Io in.s ,epo,ti

Unclassified

14 MONITORING AGENCY NAME 6, ADDRESS I ' ØM 4,0,n COntroihng 014.c.`

ONR Representative - Mr. Robin Simpson

Durand Aeronautics Building, Rm. 165

Stanford University, Stanford, CA 94305

, Isa OECLASSFICATiON DOANGRADING
sci-qou.E

16 DISTRIBUTION STATEMENT io, 1r,1 ,epo,‘

Approved for public release: distribution unlimited

P.. STATEMENT 01 Imo isosiracl enterec 'i Bloc. 20 ' cven1 ',on-, ',Don/

,EI SUPPLEMENTARY NOTES

-

Appeared in Proceedings of IJCAI-7

19 KEY WORDS (Cont,n ue on rave's' 101 A necetswv arq: ■oent.tv by block nurnovel

20 ABSTRACT (Coni,n,Je on ,eye•se s■cie ■I nec•ssary and .oent..v Dy block nunnoe,

NEOMYCIN is a medical. consultation system in which MYCIN's knowledge base is reorgan,

ized and extended for use in GUIDON, a teaching program. The new system constitutes

a psychological model for doing diagnosis, designed to provide a basis for interpret,

ing student behavior and teaching diagnostic strategy. The model separates out kind

of knowledge that are procedurally embedded in MYCIN's rules and so inaccessible to

the teaching program. The key idea is to represent explicitly and separately: a

domain-independent diagnostic strategy in the form of meta-rules, knowledge about

the structure of the problem space, causal and data/hypothesis rules, and world fact

DD1T:731473
EDITION OF 1 NOV 65 IS OBSOLETE SECURITY CLASS CATION OF TH■S PAGE ,wnen Dais Enty.d)



SECURITY CL ASS' F CAT ION OF l• -•fiS PAGE ■VVhen Data L nters41

19 K EY WORDS ICont.nuad,

20 ABSTRACT ,Cont.nuad)

As a psychological model, NEOMYCIN captures the forward-directed, "compiled
association" mode of reasoning that characterizes expert behavior. Collection
and interpretation of data are focused by the "differential" or working
memory of hypotheses. Moreover, the knowledge base is broadened so that
GUIDON can teach a student when to consider a specific infectious disease and
what competing hypotheses to consider, essentially the knowledge a human would
need in order to use the MYCIN consultation system properly.

DD FORM A
1 JAN 73 111.73 HA( k

EDITION OF 1 NOV 65 IS OBSOLETE SECURITY CLASSIF ICA IHON Or THIS PAGE When Data E ntafed)



Copyright e. 1985 by KSL and

Comtex Scientific Corporation




