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Abstract 

An approach to the use of machine generated 
contextual knowledge for the analysis of d iag
nost ic behavior in medicine has been developed. 
The approach is i l l u s t r a t e d by reference to 
EXAMINER, a system whose contextual knowledge is 
derived through use of the INTERNIST data base and 
diagnostic system[ l ] . EXAMINER acquires a user's 
character izat ion of a medical case in l i g h t of 
t h i s contextual knowledge and analyzes it to gen
erate commentary regarding notable aspects of the 
user's character izat ion. 

1. Int roduct ion 

1.1 Task Domain 

U n t i l 1970 one section of the medical board 
examinations for in terna l medicine required a 
candidate to invest igate actual cases and to pre
sent his analysis of the cases to a medical 
examiner. The candidate could ask the examiner 
fo r information regarding laboratory f indings and 
other information pert inent to the case. S imi lar 
ly the examiner would ask questions to get at 
aspects of the candidates behavior about which he 
was unclear. In evaluating the candidate, the 
examiner would be concerned about such questions 
as "How we l l does the candidate get the pert inent 
in format ion?", "How wel l does he use the inform
at ion that he does get?", " Is the candidate able 
to put together an adquate global descr ipt ion of 
the case?". In his wr i t ten evaluation the exam
iner would describe c r i t i c a l incidents in the 
candidate's analysis of the case, and he would 
indicate the conclusions wi th respect to the 
candidate's competence that he had drawn on the 
basis of these incidents and the candidate's 
behavior in general., In the process of carrying 
out this examination, the examiner used his know
ledge of medicine, his knowledge of the principles 
of good diagnostic behavior, his perception of the 
case under consideration, and his understanding 
of the candidate's view of the case. 

It might reasonably be expected that a 
machine-based system intended to provide an eval
uation similar to that made by the examiner also 
requires knowledge of medicine, knowledge of the 
principles of good diagnostic practice, a per
ception of the case under consideration, and an 
understanding of the candidate's view of the case. 
In this paper we present an approach to the 
representation and use of these parcels of know
ledge by describing a rudimentary system which 
embodies the approach in order to provide 

evaluative commentary about a user's diagnostic 
characterization of a case in internal medicine. 

After a brief discussion of the challenging 
aspects of this task domain, descriptions of the 
system's external behavior, data structures, and 
evaluation process are presented. Finally a 
sample case run is presented to i l lustrate the 
system's behavior. 

1.2. Characteristics of the Problem 

In order for a machine-based representation 
of the above mentioned parcels of knowledge to be 
effective as a basis for evaluation, the following 
concerns seem c r i t i ca l : 

1. It must be possible to represent a char
acterization of the case in such a way that the 
medical person can express his view of it in 
adequate detai l . This may include general and 
specific indications of the primary and related 
problems as well as indications of the findings 
for which these individual diseases may be 
expected to account. He should be able to express 
alternatives to any of the diseases he suggests. 
And he should be able to indicate his character
ization in whatever level of detail he considers 
appropriate. 

2. The principles of diagnosis must be 
represented in such a way that some process may 
apply them to these characterizations so as to 
allow conclusions regarding the value of the 
characterization with respect to the principles. 
An example of such a principle is the idea that a 
simple diagnosis should be preferred to a com
plicated one provided the two are equivalent in 
explanatory power. 

3. Medical knowledge, both relational and 
algorithmic, must be available in order to 
provide a medical context within which the user's 
characterization of a case can be interpreted. 

The manner in which EXAMINER addresses these 
requirements is the subject of the description 
which follows. 

2. Implement at ion 

2.1. Format 

As presently configured, the observable 
behavior of the EXAMINER system manifests i t s e l f 
in three discrete processes. The f i r s t process 
specifies the manifestations from a case in 
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i n t e r n a l medicine. The second process e l i c i t s 
from the user h i s cha rac te r i za t i on of the disease 
processes present in the case. The t h i r d process 
presents the ana lys is in the form of commentary 
regard ing the c h a r a c t e r i z a t i o n . 

2 . 1 . 1 . Case S p e c i f i c a t i o n 

The s p e c i f i c a t i o n of the medical in fo rmat ion 
from the case to be analyzed may occur in one of 
two modes. The f i r s t provides cases w i t h which 
the user has had no previous exper ience. These 
cases have been def ined by medical people who 
have access to a l l i n fo rmat ion regard ing the case. 
A program which e l i c i t s and stores t h i s i n fo rm
a t i on in machine readable form is used. When the 
case is selected f o r use, i t i s brought i n t o core 
and the re levant f i nd ings of the case are i n d i c a t 
ed to the user. 

The second mode al lows the user to spec i fy 
a case w i t h which he is f a m i l i a r . The p o s i t i v e 
and negat ive f i nd ings from the case are entered 
by the user and used as the basis f o r ana l ys i s . 

2.1.2. Character !zat i on 

The cha rac te r i za t i on phase requ i res the user 
to i nd i ca te h i s percept ion o f the important 
aspects of the case. The process generates a 
data s t r uc tu re to be used by the next phase. 

A number of types of in fo rmat ion were found 
to be of i n t e r e s t in the cha rac te r i za t i on of a 
case and p r i m i t i v e s were developed to a l low the 
user to express the in fo rmat ion he considered 
c r i t i c a l wi thout burdening him w i t h undue d e t a i l . 
A d e s c r i p t i o n of the meanings of these p r i m i t i v e s 
is now g iven : 

The PRIMARY-PROBLEM p r i m i t i v e is used to 
Ind ica te the disease or type of disease which is 
considered to be the l i k e l y cause of the important 
aspects of the case. I f a l t e r n a t i v e s are con
s idered equa l ly l i k e l y , they may be spec i f i ed by 
the OR p r i m i t i v e here and elsewhere. 

I f any of the diseases i nd i ca ted are generic 
d isease, the s p e c i f i c disease or diseases con
sidered most l i k e l y may be i nd i ca ted by the 
p r i m i t i v e SPECIFICALLY. 

The RELATED-POSSIBILITY p r i m i t i v e is used to 
i nd i ca te diseases which are considered by the 
user to be poss ib ly present and which are l i nked 
to diseases al ready i nd i ca ted as poss ib le in the 
case. The r e l a t e d p o s s i b i l i t i e s should inc lude 
those diseases which are l i nked to other 
mentioned diseases e i t h e r c a u s a l l y , sys tem ica l l y , 
or by simple co-occurence. 

MOTHER-INDEPENDENT-PROBLEM is a p r i m i t i v e 
used to i nd i ca te a disease process which appears 
to have no connection to the pr imary problem or 
other p rev ious ly mentioned problems. 

ACCOUNTING-FOR is the p r i m i t i v e used to 
spec i fy mani fes ta t ions which the antecedent 

disease exp la ins . 

Through use of these p r i m i t i v e s , the user is 
expected to i nd i ca te h is percept ion of the case. 
The represen ta t ion of t h i s cha rac te r i za t i on then 
serves as the basis f o r the analys is tha t is 
undertaken. 

2 . 1 .3 . Comment ary 

The commentary is made in the form of s c r i p t s 
r e l a t i n g to the observat ions at tendant upon the 
user 's c h a r a c t e r i z a t i o n . I nd i ca t i ons o f the 
mani fes ta t ions and diseases pe r t i nen t to the 
comment are put out as appropr ia te i nse r t s in the 
context o f the s c r i p t s . 

2.2 Repre senta t ion 

The four types of data r e q u i r i n g spec ia l 
representa t ion in the system are now descr ibed. 

THE MEDICAL CASE: A p re -s to red case is 
represented as a l i s t of p o s i t i v e and negat ive 
f i n d i n g s . These are p r i n t e d f o r the user and 
kept in core f o r use by the ana lys is programs. 

S i m i l a r l y w i th user def ined cases, the t r u t h 
values f o r the known mani fes ta t ions are spec i f i ed 
by the user and stored as l i s t s f o r use by the 
programs. 

STATIC MEDICAL KNOWLEDGE: A la rge data base 
of medical knowledge is accessable f o r use by the 
system. This is the INTERNIST data base. It-
contains b i d i r e c t i o n a l po in te rs between the 
diseases and mani fes ta t ions in the domain of 
I n t e r n a l medicine as described in [ 1 ] • 

CHARACTERIZATION OF A CASE: The represent 
a t i o n of a cha rac te r i za t i on of a case uses the 
s t ruc tu re developed by Pople [2 ] to spec i fy the 
general disease processes of a case, t h e i r com
p e t i t o r s , and the mani fes ta t ions fo r which each 
might account. In add i t i on in te rna l , s t ruc tu res 
represent whether i n d i v i d u a l processes are med
i c a l l y r e l a ted to one another or independent. 
The i n d i v i d u a l processes are represented as 
co- rou t ines and the co- rout ines are associated 
according to c e r t a i n r e l a t i o n s , ( e . g . TYPE-OF, 
COMPLEMENT-OF, LINK-OF, ALTERNATIVE-OF e t c . ) . 
The cha rac te r i za t i on s t ruc tu re is used to 
accomodate the user ' s cha rac te r i za t i on as w e l l as 
the a l t e r n a t i v e s to i t generated by the system. 
An example of the generat ion and use of these 
charac te r i za t i ons is given in sect ion 2..4. 

MAXIM-PREDICATES: The p r i n c i p l e s of 
i n t e r n a l medicine ( c a l l e d maxims by the system) 
are represented as LISP funct ions which take the 
var ious data s t ruc tu res as arguments and r e t u r n 
values w i t h respect to the case and the knowledge 
embodied by the maxim. The maxims inc lude 
p r i n c i p l e s conf ined so l e l y to f i xed medical 
knowledge ( e . g . the user should associate mani
f es ta t i ons w i t h diseases which are medica l ly 
r e l a t e d ) , p r i n c i p l e s conf ined to the case and 
the user ' s cha rac te r i za t i on o f i t ( e . g . the 
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i m p o r t a n t m a n i f e s t a t i o n s s h o u l d b e a c c o u n t e d f o r 
b y t h e u s e r ' s c h a r a c t e r i z a t i o n o f t h e c a s e ) , and 
p r i n c i p l e s w h i c h depend upon compar i son between 
t h e u s e r ' s c h a r a c t e r i z a t i o n and a l t e r n a t i v e c h a r 
a c t e r i z a t i o n s o f t h e case ( e . g . i f t h e r e i s a 
c h a r a c t e r i z a t i o n w h i c h i s s i m p l e r t h a n t h e u s e r ' s 
c h a r a c t e r i z a t i o n , i t s h o u l d b e c o n s i d e r e d a b e t t e r 
e x p l a n a t i o n o f t h e c a s e ) . The maxims a r e i d e n t 
i f i e d t h r o u g h r e c o g n i t i o n o f t h e p r i n c i p l e s 
i n h e r e n t i n t h e INTERNIST sys tem and b y a n a l y z i n g 
c r i t i q u e s o f i t and o t h e r examples o f d i a g n o s t i c 
b e h a v i o r w h i c h a r e p r o v i d e d b y Myers [ 1 ] and o t h e r 
e x p e r t p r a c t i t i o n e r s i n i n t e r n a l m e d i c i n e . 

2 . 3 P rocess 

G iven t h e m a x i m - p r e d i c a t e s , t h e e v a l u a t i o n 
a l g o r i t h m i s s i m p l e : a p p l y t h e m a x i m - p r e d i c a t e s 
t o t h e u s e r ' s c h a r a c t e r i z a t i o n o f t h e c a s e . Each 
o f t h e m a x i m - p r e d i c a t e s i n v o l v e s a s e p a r a t e 
a l g o r i t h m . But c e r t a i n g e n e r a l t y p e s o f b e h a v i o r 
a r e i d e n t i f i a b l e as used by many o f t h e max im-
p r e d i c a t e s . These t y p e s o f b e h a v i o r may be c o n 
s i d e r e d under t h e g e n e r i c h e a d i n g : " p r o c e s s e s 
w h i c h make use o f t h e m e d i c a l d a t a b a s e . " 

The f i r s t o f t h e s e t y p e s o f p r o c e s s makes 
d i r e c t use o f t h e d a t a b a s e . T h i s i s o f t e n done 
t o check t h e v a l i d i t y o f a s s e r t i o n s . For 
i n s t a n c e , i t may b e a s s e r t e d t h a t h e p a t i c c o n 
g e s t i o n i s a t y p e o f l i v e r d i s e a s e o r t h a t 
p r o t e i n u r i a o c c u r s i n pneumon ia . These t a s k s 
r e q u i r e o n l y s i m p l e p r o c e s s i n g , b u t t h e y a r e 
o f t e n r e q u i r e d i n t h e s p e c i f i c a t i o n o f more 
complex p r o c e s s e s . 

A n o t h e r t y p e o f p r o c e s s makes i n f e r e n c e 
based upon a u s e r ' s c h a r a c t e r i z a t i o n o f a case 
b y i n v o k i n g s i m p l i f y i n g a s s u m p t i o n s abou t t h e 
u s e r ' s c h a r a c t e r i z a t i o n . T h i s app roach i s o f t e n 
used when t h e sys tem i s t a k i n g a " b e s t f i t " o r 
" b e n e f i t o f t h e d o u b t " app roach t o t h e u s e r ' s 
c h a r a c t e r i z a t i o n . Fo r i n s t a n c e , i f t h e u s e r has 
made n o i n d i c a t i o n o f t h e c o r r e l a t i o n be tween 
t h e m a n i f e s t a t i o n s o f t h e case and t h e d i s e a s e s 
w h i c h h e has s p e c i f i e d , t h e sys tem may i n f e r 
a s s o c i a t i o n s based o n b e s t p o t e n t i a l cove rage 
and t h e n e v a l u a t e t h e c h a r a c t e r i z a t i o n o n t h o s e 
t e rms f o r some o f i t s p r e d i c a t e - m a x i m s . 

The t h i r d common t y p e o f p r o c e s s g e n e r a t e s 
a l t e r n a t i v e c h a r a c t e r i z a t i o n s o f t h e case o n t h e 
b a s i s o f some s p e c i f i e d c r i t e r i a . The s p e c i f i e d 
c r i t e r i a a r e i n t e n d e d t o i n d u c e c h a r a c t e r i s t i c s 
w h i c h a r e i n some sense o p t i m a l . These a l t e r 
n a t i v e c h a r a c t e r i z a t i o n s a r e t h e n used as a b a s i s 
f o r c o m p a r i s o n . They a r e g e n e r a t e d b y t h e 
INTERNIST d i a g n o s t i c p r o c e s s u s i n g t h e m e d i c a l 
d a t a b a s e . 

2.4 An Example of System Per fo rmance 

2 . 4 . 1 Case Run 

J EXAMINER) 
TEST CASE? NEJMV290P10T1 

AGE 26 TO 55 

SEX MALE 
DYSPNEA EXERTIONAL 
HEART OUTPUT DECREASED 
HEART CATHETERIZATION LEFT VENTRICLE END DIASTOLIC 

PRESSURE INCREASED 
HEART FAILURE CONGESTIVE HX 
PRESSURE ARTERIAL SYSTOLIC LESS THAN 90 
THROMBOPHLEBITIS 
LIVER ENLARGED MODERATE 
EKG PREMATURE ATRIAL CONTRACTION (S) 
EKG PREMATURE VENTRICULAR CONTRACTION (S) 
EKG HEART BLOCK FIRST DEGREE 
EKG LEFT BUNDLE BRANCH BLOCK 
EKG LOW VOLTAGE 
EKG ATRIAL FIBRILLATION 
COUGH 
TACHYCARDIA 
PRESSURE VENOUS CENTRAL GTR THAN 10 
PRESSURE VENOUS INCREASED INSPECTION 
RHONCHI DIFFUSE 
HEART SOUND (S) SUMMATION GALLOP LEFT VENTRICULAR 
HEART PERCUSSION LEFT BORDER LATERAL DISPLACEMENT 
HEART IMPULSE APICAL FORCEFUL 
ABDOMEN TENDERNESS RIGHT UPPER QUADRANT 
HEART XRAY LEFT VENTRICLE ENLARGEMENT 
HEART XRAY RIGHT VENTRICLE ENLARGEMENT 
WBC 14000 TO 30000 
PLATELET' ( s ) 50000 TO 200000 
CHEST XRAY LUNG (S) CONGESTED 
CHEST XRAY PLEURAL EFFUSION ( s ) 
URINE OUTPUT LESS THAN 400 CC PER DAY 
UREA NITROGEN BLOOD 30 TO 60 
BIL IRUBIN CONJUGATED BLOOD INCREASED 
SG0T GTR THAN 400 
LDH BLOOD INCREASED 
CPK BLOOD INCREASED 
ABDOMEN FLANK (S) BULGING BILATERAL 
ABDOMEN FLANK (S) HEAVY BILATERAL 
ABDOMEN DULLNESS SHIFTING 
PROTHROMBIN TIME INCREASED 
CALCIUM BLOOD DECREASED 
PHOSPHATE BLOOD INCREASED 
ELECTROPHORESIS SERUM ALBUMIN DECREASED 
ALKALINE PHOSPHATASE INCREASED UP TO 2 TIMES 

NORMAL 
URINE SEDIMENT RBC 

(CHARACTERIZATION) 

PRIMARY-PROBLEM 
"CARDIOVASCULAR DISEASE 

RELATED-POSSIBILITY 
"HEPATIC CONGESTION 

ACC0UNTING-F0R 
"ABDOMEN TENDERNESS RIGHT UPPER QUADRANT 
"LIVER ENLARGED MODERATE 
"ALKALINE PHOSPHATASE INCREASED UP TO 2 TIMES 

NORMAL 
"SG0T GTR THAN 400 
"ELECTROPHORESIS SERUM ALBUMIN DECREASED 
*PLATELET (S) 50000 TO 20000 
"CHEST XRAY PLEURAL EFFUSION (S) 
"GO 
DONE 
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(COMMENTARY) 

1: WHILE HEPATIC CONGESTION DOES EXPLAIN: 
ABDOMEN TENDERNESS RIGHT UPPER QUADRANT 
LIVER ENLARGED MODERATE 
ALKALINE PHOSPHATASE INCREASED UP TO 2 

TIMES NORMAL 
SGOT GTR THAN 4OO 
ELECTROPHORESIS SERUM ALBUMIN DECREASED 

IT IS NOT KNOWN TO ACCOUNT FOR: 
PLATELET (S) 50000 TO 200000 
CHEST XRAY PLEURAL EFFUSION (S) 

2: IT WOULD SEEM THAT CARDIOVASCULAR DISEASE 
COULD BE INDICATED MORE SPECIFICALLY SINCE 
THE FOLLOWING ARE QUITE SPECIFIC FOR HEART 
FAILURE: 

HEART CATHETERIZATION LEFT VENTRICLE END 
DIASTOLIC PRESSURE INCREASED 

HEART SOUND (S) SUMMATION GALLOP LEFT 
VENTRICULAR 

PRESSURE VENOUS CENTRAL GTR THAN 10 

3: AN ALTERNATIVE CHARACTERIZATION OF THE CASE 
INVOLVING A KIDNEY DISEASE COMPONENT MIGHT 
SEEM PREFERABLE SINCE THE FOLLOWING ARE NOT 
ACCOUNTED FOR BY THE ORIGINAL CHARACTER
IZATION: 

UREA NITROGEN BLOOD 30 TO 60 
PHOSPHATE BLOOD INCREASED 
URINE SEDIMENT RBC 

2 . 4 . 2 . D i s c u s s i o n 

The m a x i m - p r e d i c a t e w h i c h g e n e r a t e d t h e f i r s t 

comment above s i m p l y checked t h e r e l a t i o n s h i p 
be tween h e p a t i c c o n g e s t i o n and t h e i n d i c a t e d 
m a n i f e s t a t i o n s a g a i n s t t h e c o r r e s p o n d i n g r e l a t i o n 
s h i p i n t h e m e d i c a l d a t a b a s e . The r e s u l t s o f 
t h a t compar i son were t h e n o u t p u t i n t h e c o n t e x t o f 
t h e s c r i p t f o r m a t . 

The m a x i m - p r e d i c a t e g i v i n g r i s e t o t h e second 
comment i s somewhat more c o m p l i c a t e d . I t i n v o l v e s 
d e t e r m i n i n g w h i c h m a n i f e s t a t i o n s f r o m t h e case 
can b e a s s i g n e d t o t h e c a r d i o v a s c u l a r p r o b l e m . 
W i t h i n t h i s s u b s e t , t h e p r e d i c a t e e v a l u a t e s t h e 
m a n i f e s t a t i o n s f o r s p e c i f i c i t y and f i n d s t h a t a 
number o f t h e m a n i f e s t a t i o n s a r e q u i t e s p e c i f i c 
f o r h e a r t f a i l u r e . S i n c e h e a r t f a i l u r e i s a l s o 
r a t h e r s t r o n g l y s u p p o r t e d b y t h e o t h e r f i n d i n g s , 
t h e comment i s made. 

The m a x i m - p r e d i c a t e a s s o c i a t e d w i t h t h e t h i r d 
comment r e q u i r e s t h a t d e t e r m i n a t i o n b e made o f t h e 
s e t o f m a n i f e s t a t i o n s w h i c h c o u l d n o t b e e x p l a i n e d 
b y t h e u s e r ' s c h a r a c t e r i z a t i o n . T h i s s e t was 
t h e n e v a l u a t e d t o d e t e r m i n e w h e t h e r some d i s e a s e 
p r o c e s s seemed i n d i c a t e d . S i n c e many o f t h e 
u n e x p l a i n e d m a n i f e s t a t i o n s i n d i c a t e d r e n a l d y s 
f u n c t i o n , a comp lementa ry r e n a l component was 
sugges ted as an a d d i t i o n a l a c t i v e component o f 
t h e c h a r a c t e r i z a t i o n . 

F i g u r e s 1 and 2 i n d i c a t e t h e u s e r ' s c h a r 
a c t e r i z a t i o n and t h e a l t e r n a t i v e mach ine g e n e r 
a t e d c h a r a c t e r i z a t i o n o f t h e case r e s p e c t i v e l y . 
When t h e u s e r i n d i c a t e d c a r d i o v a s c u l a r d i s e a s e , 
t h e e h a r a c t e r i z e r s e t u p a c a r d i o v a s c u l a r c o 
r o u t i n e t o r e p r e s e n t t h e p r o b l e m . The 
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"RELATED-POSSIBILITIES" command caused a second 
complementary co - rou t ine to be generated and a 
LINK-OF r e l a t i o n to be asser ted. The "ACCOUNTING-
FOR"command caused the ensuing man i fes ta t ion 
l i s t to be associated w i t h hepat ic congest ion. 

The system's cha rac te r i za t i on was developed 
in somewhat greater d e t a i l . I t set up a ca rd io 
vascular co - rou t i ne as w e l l , but the charac te r i ze r 
then f u r t he r spec i f i ed the problem by s e t t i n g up 
con junc t ive co - rou t ines to represent heart 
f a i l u r e and myocardial d isease. I t a lso spec i f i ed 
the . l i ver problem, but here i t ind ica ted a d i s 
j u n c t i v e choice between hepat ic congestion and 
cardiac c i r r h o s i s . Las t l y the system recognized 
the need fo r the rena l component and set it up as 
an a d d i t i o n a l c o - r o u t i n e . 

3. Summary 

We have presented an approach to the problem 
of analyz ing a person's d iagnost ic behavior . The 
approach e n t a i l s the development of spec ia l i zed 
s t ruc tu res f o r the purpose of represent ing a 
person's view of a complex environment. The 
approach requ i res the use of soph is t i ca ted t oo l s 
of representa t ion and process taken from the 
INTERNIST system to provide accurate medical 
knowledge. The approach also requi res that the 
methodological p r i n c i p l e s which d i s t i n g u i s h good 
d iagnost ic behavior from bad be represented in 
such a way t h a t they can be used to evaluate a 
user 's behavior in l i g h t of the medical knowledge. 
Although much remains to be learned regard ing 
implementat ion of t h i s approach - espec ia l l y w i t h 
respect to the representa t ion o f the p r i n c i p l e s o f 
d iagnos is ; we hope our desc r i p t i on and examples 
have demonstrated tha t the approach may be capable 
o f producing i n t e r e s t i n g behaviors. 

The work descr ibed here only sets the stage 
f o r a system capable of i n t e r a c t i v e i nves t i ga t i ons 
of the type described in the opening paragraph. 
Many issues invo lved in the implementat ion of 
such a system have not been addressed. C r i t i c a l 
among these is the issue of how to d i r e c t an 
i n t e r a c t i v e i n v e s t i g a t i o n . Methods which generate 
expectat ions on the basis of the user ' s i n i t i a l 
behavior and then i n t e r a c t w i t h the goal of 
conf i rming or d iscon f i rm ing the expectat ions seem 
p o t e n t i a l l y f r u i t f u l here. But t ime w i l l t o l l . 
These issues are the subject of the ongoing 
work w i th respect to the system. 
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