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flus paper ptesents the explanation system for NEOMYCIN• . a

medical consultation program A Lonsultation piogram plays thc role
of an expert to assist a user in solving a prnblem. An explanation cfl

stiatc2.y &sent:Ts the plan the program is using to reach a solution.

Such an explanation is usually concrete, referring to aspects of the
current problem situation. Abstract explanations articulate a general
principle. which can he applied in different situations. such

explanations arc useful in teaching and in explaining by analuk, We
desci:he the aspects of NEOMYCIN that make abstract stre.egic
explanations possible—the representation of strategic knowledge
explicitly and separatels from domain know ledge—and demonstrate

how this representation can be used to generate explanations.

I INTRODUCTION 

Ric ability to explain reasoning Lind actions is usually considuied an
important component of any expert system. An explanation facility us

useful on several levels: it can help knowledge engineers to debug and
test the system during development, assure the sophisticated user that

the ys ton's knowledge and I casoning process is appropriate, and
insiruct the nai.:e user or student atiout the knowledge in the system.
Several approaches have been used in existing explanation systems.
For example. Shin:Oak (Shonliffe. 1976) and Davis (Davis. 1976)

introduced ilie idea of generating explanations by translating rules that
direct a consultation. Swartout (Swartout, 1931) uses an autoinauc

programming approach to create a static ' refinement structure", wh:ch

can be examined during the consultation to provide justifications of the
commIrd c sce

A strategs is "ii careful plan or method, especially for achieving a

end." To cap/ani is "to make clear or plain. to give the reason for or

cause of."•• Thus in a strategic eiplanni•on we arc trying to make

clear the plans and methods used in reaching a goal. in NFOMYCIN's

case, the diagnosis of a medical prohlem. One could imagine

explaining an action in at least two ways In the first, the specifics of the

situation are cited, with the strategy remaining relatively implicit. For

example, "I'm asking whether the patient is receiving any medications
in order to determine if she's receiving penicillin." III the second

approach the underl,ing strategy is niade explicit: "I'm asking whether

the patient is receiving any medications beCallSC interested in

determining whether slic's receiving penicillin. / ask a general question

before a specfic ut.t• 1,heit possible.- ibis latter example is the kind of

ad imptcnken,luon 1 die \i 0 \I,C1`. r,p1A■tanot s)ctchl ha, Seen
by 5't1'.0.1 Cla,K;) Vre aclmo.1011:c the 1.,S1,17■1Ce u1 l'Abre

Iluelanan (a,niv itcnnk. Ica Cnorillit,.:n.d Ikrek `.1.:vnia,1 Pim rc54.1rch hac Pccn

,ipp.wt.ct in part I)) 0 \ It and SKI r.t.ltart 79e 0101 CnoT,Pol.,Ir,mal

ha,c (+col St...\11A si Si faaill, I \ III k.131.1 II r.01)71115)

••\--lry,ca ;.o■ C..!!.; 1)...u..tiy
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stra:cgre explanation we want to generate. The general ooproach to

soh ing the problem is mentioned. as v ell as the action taken in a
particular situation. Explanations of this type allow the listener to see
the lareer problem-solving approach and thus to examine, and perhaps
learn, the strategy being employed.

Our work is based on the hypothesis that an 'understander' must
have an idea of the problem-wising process. as well as domain
knowledge, in order in understand the solution or 'Ave the problem
himself (llrown. 1973). Specifically. research in medical education
(Elstem, 1978). (Uenbassat, 1976) suggests that we state heuristics for
students, teaching them explicitly how to acquire data and form
diagnostic hypotheses. Other Al programs have illustrated the
mix:Rance of strategics in explanauons. SHRDLU (Winograd. 1972)
is an early program that incorporates history keeping to provide
WHY/HOW explanations of procedures used by a 'robot' tr. a
simulated IR OCKSWORLD cnsiroarnenL The procedures of this
robot are specific to the environment; consequently. abstrist
explanations such as "I moved the red block to achieve preconthtions of

a higher goal" are not possible. CEN I AUR (Atkins, 1980). another
medical consultation system, explains its actions in icons of domain-

specific operations and diagnostic prototypes. SLvartotit's .XPLAIN
program refers to domain principles—general rules and constraints
atLout the domain—in its explanations In each of these pfograms,

abstiact principles hive been instantiated and repreented in problem-

socei I ic terms.

NrOMYCIN generates strategic explanations from an abstract

representauon of strategy. In contrast with other approaches, this

strat-Tic knowledge is completely separate (loin the domain krowledge.
flu5 gcoci.J1 strategy is instantiiiied dynamically as the consultation

runs. Vous %hell the program aISCL ISWS the problem solution. it is able
to state a general approach, as well as how ii applies in concrete terms.

II HOW STRATEGIC EXPLANATIONS ARE POSSIBLE — 
THE NEOMYCIN SYSTEM

MYCIN (Shortliffe. 1976), the precursor of NEOMYCIN. is unable

to explain its strategy because much of the strategic information is

implicit in the ordering of rule clauses (Clancey, 1983a). In

NEOMYCIN. the problem-solving strategy is both explicit and general.
ibis section provides an overview of the representation of this strategy
in NEOMYCIN. since this is the basis for our strategic explanations.
Other aspects of the system. such as the disease taxonomy and other
structuring of the domain knowledge, arc described in (Clancey, 1981).

NEOMYCIN's strategy is structured in terms of tasks, winch

correspond to meLalevel goals and subgoals, and metalevel rules
(metarules), which arc the methods for achieving thesc goals. llie
metaniles invoke other tasks, ultimately invoking the base-level
interpreter to pursue domain goals or apply domain rules I.igure
1 illustrates a portion of the task suucture, with metarules linking the
tasks. Ihe enure stiui.ture currently includes 30 tasks and 74 metortdv.s.



-.7* ---
111•1414 ^PAM Zol•cl hara

Olansal •41••••••00 0•011111•

Wall Gomm Mess

'domains Charra

_

Spennis ta•■•••
era °mom

wai

Oullsemal Sam Sam

Tan Tao

Maass annam•

11.180•0•1

Z
Si lams

Oison

Paola

/\
Si• 

Figure I: Invocation °flasks in the example NVOMI'ClN consithation

Question numbers correspond to questiens asked in the CUI1SLI Ration.

,iijllil lives show tasks actually done. dotted lines those which might

bc done. Note how tasks such as TI :ST I I Y l'01 H F:SIS arc invoked

multiple tunes by a given task as well as hy different tasks.

'Rios task structure represents a general diagnostic problem-solving

wiethod. Although our base-level for doclopmcnt has been medicine,

none of the tasks or metarules mention the medical domain. As a result

the strategy might be ported to other domains. (See (Clancey, 1983b)

for further discussion.)

An ordered collection of metarules constitutes a procedure for

achieving a task. Each metarulc has a premise, which indicates when

the metarulc is applicable, and an action. indicating what should be

done whenever the premise LS satisfied. Figure 2 is a high-level

abstraction of a task and as metarulcs. The premise looks in the

domain knowledge base or the problem-solving history for findings and

hypotheses with certain properties, for example, possible follow-up

questions for a recent finding or a subtype of an active hypothesis.
Associated actions would be to ask the user a question or call a task to

refine the hypothesis under consideration.
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resting an hypothesis is just one reason for asking a question. Others

arc:

• Initial identification of the problem

• halow -up questions to specify recent information in greater

detail

• Questions triggered by recent data that suggested an

hypothesis

• General questions to determine the completeness of the

case history

• Screening questions to determine the relevance of desired

data

• Questions asked while pursuing mihgnals of the dianain.

'flic number of reasons for asking questions testifies to the complexity

of N: .slYCIN's diagnostic strategy and illustrates why strategic

explanauons arc both useful and interesting.

III NEOMYCIN'S STRATEGIC EXPLANATIONS 

A. Design Criteria

In determining what the pmgram should explain and how it should

be explained, we used several design criteria:

• Explanations should nut presuppose any particular user

populinion. The long-range goal of this research is to use

NFONIN'CIN JS the foundation of a teaching system. At

that point the strategic explanations developed here will be
used to teach the strategy to students to whom it might be

unfamiliar. fechniques used zo generate explanations

should be flexible enough to accommodate a model of the

user.

• Explanations should be informairve: rule numbers or task
names are not sufficient.

• Explanations should be concrete or abstract, depending
upon the situation. flius it must be possible to produce

explanations in either form. 1 his should facilitate

understanding both of the strategy and how it is actually

applied.

• Explanations should be useful jar the designer as wel: as the

end user of NVOMYCIN. Me vocabularies if computer

science and an application domain. such as medicine, arc
different in many ways. People tend to be most
comfortable with the vocabulary of their field; the system

should have the flexibility to accommodate a user-

dependent choice of terminology.

• Explanations should be possible al the lowest level of
interest: the "grain level" should he tine enough to permit
this. To allow for use in debueging, we clime the level of

rules and Liski as our lovvest lesel. Higher level

explanations can later he genciated by immune details

below the appropriate: level.

B. WHY and HOW Explanations 

Excerpts from a NEOMYCIN consultation illustrate the strategic

explanation capability most clearly. User input follows the double

astensks(") and is shown in capital lettars. I he consultation begins:

•

••■■■■



Pleas+ enter information about the pa
tient.

Nemo Age Sea Made

1) .. MARY 42 f LATINO

Please Oescritie the calor complaints:

" HEADACHE

" STIFF-HECK
" NAUSEA
• •

2) How many days has miary's headache lasted?

" 10

3) How hoar. is Mary's headache on a scale of 0 to 4

with 0 for very mild and 4 for very  )2

" WHY

[1.8 01Y is it :important to determine the 00000 it
y of

rIzry's headache?)

[1 0] Ow ere trying to characterize the dat
a Just

obtained and dwvelop the differential.

Headache severity is a characterizing feature 
of headache.

[back to question 3...]

it explain WHY something is hieing dune by NEOMYCIN, we first

testate the question as. -WIlY arc wc trying to do this tx,10" l)xau
se

each task is in)oked by a nicorul i another task (sec Figure 2). we

attsx.:r the quo) by stating the task and me:antic that invoked
 the task

in question At the lowest lesel. ther, arc Implicit tasks of requesting

data and applying rules .1he template for an initial WHY explanation

Is.

•• WHY

[I e WHY are we trying characterise the late just

obtained and develop tho differontial?)

[2 0) We are trying to give thorough consid
eration

to any rocont findings.

Tad fact that Mary has suffered from headac
hes recently

is s no, finding, which first must be characterize
d

and 'hen used to assist the diagnosis
.

[back to glutton 3 )

• • Wily

[i.e. liMY are we trying givo thorough consider
ation to

any recent f indihgs? ]

[3 0] We are tryirg to gathor ludnti
rying information--

till chief complaint and major problems.

fee user must state the problem

[back to guostion 3...]

•• 3

DIFFERENTIAL:

(VIRUS 564) (CHRONIC-M(NINGITIS 422)

Questions 4 and 11 below arc hoth asked as .1 result of the I I -

HY PO 11 11 2.SIS Lndi Notice how the explanations tit this single task

reflect the different situations of the two WIlY question
s DifTcrent

metarules apply—question 4 is based on a strong 'triggeri
ng' telauon,

while quesuon 14 is based on only moderate evidence.

4) Does Nary have e fever?

(request for data) 
" WHY

" WHY [i.e. WHY Is it important to determine whether Mary has

[i.e SPIV is it important to determine (data)7] 
a fever?)

(1.0) (immediately preceding task) 
[4.0] We lire trying to decide whether Mari has Ia

infection.

Fever is strongl, associated with infection.

[back to qualtiOn 4 ]

" YES

(what is true about the domain knowledge bate Or 
the

problem-solving history that enables the smitarule that

accomplishes this task to succeed)

In this caw the currerd metarule is;

KTAPOLECT1

If there is a datum that car be requested that is 
a

characterizing feature of the recent finding

that is currently being considered,

rmEn find out about the datum.

We mentioned earlier the idea of providing concrete or abstract

explanations as appropriate. In the context of a diagnostic consultatio
n,

it seems reasonable to prosidc concrete explanations when poss
ible.

Abstract explanations can always be produced, however. The abstrac
t

explanation in this situation is:

"ABSTRACT

[1 0. WHY is It important to determine the 
00000 ity of

Mary's haadachef)

(1.0) We are trying to characterize the dat
a just obtained

and develop the differential.

A datum that can be requested it 3 characterizing
 feature

of too recent finding that is currently 
being

C onsidered

When subsequent %%111 's are go en. tue ascend the strategy tree. as

Illustrated below. •
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Does Nary have is history of granulomas on biopsy of

the liver, lymph node, or other Organ?

" WHY

(i.e. WHY is it important to determine whether Ma
ry has a

history of ;nenulomas on biopsy of the liver, lym
ph

node, or other organ?)

(10.0) We IWO trying to decide whether Mary
 has

tuberculosis.

A history of granulomas on biopsy of the live
r, lymph node.

Or oth•r organ malls tubarcuisis more l
ikely.

(back to questioa 14..1

HOW is asked in terms of a previously incnuoncd task. 'The

explanation presents any mctarules associated with Ute A:le
)ant instance

of the task that have been completed. as well as the one curren
tly being

executed As a result ot the structure of tasks and mcurilles. the

WHY/HOW explanations have an interesting property WHY

explanation esscnuall■ sues the premise if the mctaaile. this is exactly

the reason the metanilc succeeded A HOW explanation is a statement

of the action cfa metantle: this is exactly what was dune.



In the next example. we are asking HOW about a low-level task.

Now that the answer is at the lowest level of applying rules.

.• MOW 111.11

(1.e. HOW an me trying to (Wide whether Mary has
tuberculosis?)

We did the followleg:

(29.1] Apelied a rule mentioning a

tuberculosis (tb risk factor:
(20.2) Game thorough considaretion

causal precursor to

rule525), and

to any recent findings.

(20.3] Applied a rule mentIoning  I evidence for
tuberculosis (focal neurological sicns runlet)). and

(20.4] Gave thorough consideration to any recent findings.

(20.6) Applied a rule mentioning general evidence for

tuberculosis (compromised host: rule109), and
(20.5) Gave thorough COnSideretiOn to any recent findings.

We are nom:

(20.7) Applying a rule mentioning general evidence for

tuberculosis (a history of granulomas on biopsy of

the liver, lymph node, or other organ; rule001).

We will nest:

(20.5] Gime thorough consideration to any recent findings.

(back to question 14...]

fhe HOW question below refers to a high level task (ESTABLISH-
flY POI HESIS-SPACE.) mentioned in the omitted sequence of
WFIN"s. Notice that the explanation is at a high level and is entirely
abstract.

17) Has Mary been hospitalized recently?

x. HOW 25.0

(i.e. HOW are we trying to devolOp the dif ill using

basic history and pertinent physical eketal]

We did till following:

(215.1) Got a general id • of the problem: categorized it

into one of   Pathogenic classes or di sssss

loci. or both.

[201.2] Confirmed and refined the differential diagnosis

through specific questions.

Ile or. now:

C70 1] Rounding out tne diagnostic informaticn by looking

generally into past medical history and by reviewing

syn tens.

[back to queStleA 17...

NEONIYCiN uses an explanation approach similar to MYC1N's,

that 0 explaining its actions in terms of goals and rules. so a brief

comparison uf die two aystemc is useful (Figure 3).
the strocuire of explanations is parallel. except that iii MYCIN rules

imoke sungoals through their prennaes. while NEOMYCIN nietartiles

invoke •ailitasks thiough their actions. What mac, NI:OMYCIN's

explan mons different is that they arc geneiated at the lavel of general

strategics, instantiateJ with domain knowledge. when pus.sible. to make

thcin cuncretc.

180

Basic roksoning:

goal -> rule -d subgoal

M(CMYCIN

easic reasoning:

task -> metarule -/ subtssk

A goal is pursued to satisfy A task is pursued whop

the ,,ucise Of A domain rule executing the action of a
(backward Chaining) metarulo (forward rceSoning

• eith rule Sets)

To explain mw,- a goal is

oursusu, cite the domain rule

that uses it all ti subgoal
(Crown)

To explain how a goal is
deterained, Cite the rules

that conclude it

To explain .h. a task is

done. cite the metorule that
invokes it (action)

To explsin hom a task is
Accomplished, cite the
motorules that nchien it

Figure): Comparison of NIN CIN and NF ONINCIN Fxplanations

Resides these strategic WI IY's and NOW's. die user can ask about

the current hypothesis, the set of hypotheses currently being

considered, and evidence for hypotheses at the domain level.

C. Implementation Issues

We mentioned earlier that NEOMYCIN was designed with the

intent of guiding a consultation with a general diagnostic strategy. A
given task and associated meurules may be applied several Hates in

different contexts in the course uf the consultation, for example, testing

several hypotheses. To produce concrete explanations we keep records
whenever a task is called or a metarule succeeds; this is sunetimes
called an audit trail. Data such as the focus of the task (e.g.. the
hypothesis being tested) and the metarule that called it arc saved for

tasks. Mcurulcs that succeed are linked with any additional variables
they manipulate, as well at any information that was obtained as an

immediate result of their execution, such as questions that were asked

and then answers. When an explanation of any of these us iequested,
the general translations are instantiated with Ns historical information.

Figure 4 presents several metarules for the fFST-HYPOTHESIS

task translated abstractly.

METARULE411
IF The datum is question is strongly associated vith the

current focus
THEM Apply the related list of runs
Trans: ((VAR ASKINGPARM)(001PAIUWORO "triggsre)(VAR CURFOCUS))

HETeRULI554
IF The datum in sueStiOn makes the Current focus more likely

THEN Apply the related list of rules
inns: ((VAR ASKINGPARM) 'mans' (VAR CURFOCUS) more 1 ikelY1

Figure 4: Sample NI UNINCIN Nletarules for the
TEST-111 POTIIFSIS task

A sample of the audit trail crca 1 in the course of a consultation is
shown in Figure 5; this is a snapshot of the I FIST-I IN POI FIESIS task
after question 14 in the consultation excerpt. An example of how die
general translations thus relate to the context of the consultation can be
seen in the differing explanations for questions 4 and 14. both asked
because an hypothesis was being tested.

In order to generate explanations using an appropriate vocabulary
for the user, we've identified general words and phrases used m die

translations that have parallels in the vocabulary of the domain. • the

start of a constitution, the user identifies himself as either a 'domain'

or "system" expert. Whenever .1 marked phrase is encountered while
explaining the strategy, die corresponding phr,Au is substituted
for the medical expert. For example. "int:gel.- is replaced y "is
strongly associated anti" for the domain ewe&



TIELAYELLUIll
AlArICPROPIRIILS

TRANS: ((VERB decide) whether • hes (VAR CURFOCUS))

TASK-TYPE . ITERATIVE

TASKGOAL : EXPLORED

FOCUS CUNFOCUS
LOCALVARS : (RULFLST)

CALLED-BY (METAAULE393 METARULE400 mETARULE171)

TASK-PARENTS : (MO-AHD-DIFFER(NTIATE PURSUE-HYPOTHESIS)

TASK-CHILDREN (PROCESS-DATA)

ACHIEVED-BY . (METARULE411 M(TARULE566 METARULE603)

DO-AFTER (M(TARULZ332)

AUDIT TRAIL

FOCUS-PARR : (INFECTIOUS-PROCESS MENINGITIS VIRUS

CNR01I1C-mENINGITIS mrcoeAcumlum-Te)

CALLER (METARULE393 mETARULE400 !!ETARULE1T1 mETARuLE171

mETA11uL(171)

HISTORY C(METARULE411 ((RULELST RULE423)

(OUES 4 FEBRILE PATIENT-1 RUL(423)))

(m(TAAuLE411 ((RULELST numm)

(QUES I COuvuLSIONS PATIENT-1

RULE000)))

(mETARULE568 (FRULELST RuLE526)

(MS 11 TBRISA PATIENT-1 RULE526))

mETARuLE603

((RULELST RULE360)

(DUES 12 FOCALSIGNS PATIEMT-1 RULE3B6))

METARULE603

((RuLELST R1'L(309)

(QUES 13 COMPROMISED PAT1EuT-1 RULE304))

mETARULE803

((RuLELST RULE042)

(Outs 14 GRANULOMA-Hi PATIENT-1 RULE002]

Figure 5: Sample Task Properties

IV LESSONS AND FUTURE WORK

The implementation of NEOMYCIN's explanatton system has

shown us several things. We've found that for a program to articulate

goncral principles, strategy should be represented explicitly and

abstractly. They are made explicit by means of a representation in

which the control knowledge is explicit, that is. not embedded or

implicit in the domain knowledge. such as in nile clause ordenng. In

NEONFiCIN this a, done by using metarules. an approach lust

suggested by Ruts (Davis. 1976). Ilie strategies are made abstiact by

making metandes and tasks domain-independent We've SCCII that it is

possiirle to direct a consultation using this general problem-solving

approach and that resulting explanations are, in fact, able to convey this

strategy. As far as the utility of explanations of strategy, trials show

that. as one might expect, an understanding of domain level concepts is

an important prerequisite to appreciating strategic explanations.

In regard to representation issues, we'se found that &control is to be

assumed by the tasks and mctartiles all control must he encoded in this

was, Implicit actions in tunctions in hidden chaining in domain level

rules lead to situations which do not fit into the oserall task structure

and cannot be adequately explained. ('his discovery recently

encouraged us to implement tr.so low-level functions as tasks and

metarides. namely MYCIN's functions For acquiring new data and for

appls mg rules Not only do the resulting explanations reflect more

accur-tels the actual activities of the system. thes'ie also able to convey

the purpose behind these actions more clearly.

There is still much that can be done with NI-OMYCIN's strategic

explanations W'c mentioned that init current lesci of detail includes

every task and met-mile. We'd like to develop discourse rules for
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determining a rea,onoble level of detail for a given user. We also plan

to experiment with sumnian,,arion, identifying the key aspects of a

segment of a consultation or the entire session We might also explain

why a metarule failed, why metandes are ordered in a particular way,

and the Justifications lot the 111ChiilliC). An advantage of our abstract

repre-entation of the problem-coking so ucture is that when the s-me

procedure Is applied in different situations. die system is aisle to

recognue this fact Ibis gives us Mc capability to produce explanations

by analogy, another area for future recusch.
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