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Experiments were conducted on a book, Current Medical
Information and Terminology, (AMA, Chicago, 1971, edited
by Burgess Gordon, M.D.), which is a comperndium of 3262
diseases, each of which is defined by a collection of
attributes. The original purpose of the book was to
introduce a standard nomenclature of disease names, and
the attributes are organized in conventional medical
form: a definition consists of a brief description of
the relevant symptoms, signs, laboratory findings, and
the like. Each disease is, in addition, assigned to cne
{(or at most two) of eleven disease categories which en-
umerate physioclogical systems (skin, respiratory, card-
iovascular, etc.). While the editorial style of the
book is highly telegraphic, with many attributes being
expressed as single words, it is nevertheless easily
readable (see Figure 1).

The vocabulary employed consists of about 19,000 distinct
"words" (determined by a lexical definition), roughly
divided equally between common English words and medical
terms. We measured word frequency by "disease occur-
rence", (the number of disease definitions in which a
given word occurs one or more times). By this measure,
only seven words occurred in more than half the disease
definitions, and about 40% of the vocabulary occurred in
only a single disease definition. (Table 1 lists the
words at the top of the frequency list together with the
number of occurrences.)

Assisted by the facilities of the Mnzx operating sys-
tem, we created a series of inverted files (from a
magnetic tape of the CMIT text), and developed a set of
interactive programs to form a word-and-context query
system. This system has enabled us to study the problem
of inferring term reference in this large sample of text
(some 333,000 word occurrences), within the context of
diseases.

An interesting early result was the ease with which many
medical terms could be algorithmically separated from
common English words. After adjusting for the fact that
some disease categories are larger than others, we de-
fined an entropy-like measure of the distribution of
word occurrences over the eleven physiological categor-
ies as a measure of category specificity. We reasoned
that some medical terms such as 'murmur', while not
specific to any particular heart disease, are specific
to heart disease generally. This term would not, for
example, be used in describing endocrine disorders.

Such a word would be expected to occur in category 04
(cardiovascular disease) frequently, and not in the
other categories. Such a term would, by our measure,
have a low 'entropy'. A common English word like 'of',
would be used in the descriptions of all kinds of dis-
ease, and would accordingly have a high 'entropy'.
Tables 2 and 3 show the top and bottom of the list of
all words occurring in two or more diseases sorted by
this entropy measure. In these lists, as our hypothesis
seems to imply, low 'entropy' corresponds to high
'‘specificity’', and high 'entropy' to low 'specificity'.
This separation of medical terms from common English
words, by algorithmic means, is facilitated by the
context supplied by the notion of 'disease category',
and the fact that this was represented in the CMIT text.
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Our second experiment investigated the co-occurrence
properties of some medical terms. Aware that many medi-
cal diagnostic programs have assumed attribute independ-
ence, we sought to shed light on the appropriateness of
the assumption by evaluating it in terms of word co-
occurrence in disease definitions.

Since the previously described procedure had given us a
means of selecting medical terms from common English
words, it was possible to produce lists of 'pure’
medical terms. We then wrote a program which formed all
pairs of such terms (ignoring order). We defined an
‘association measure' (A) which measured the difference
between the observed co-occurrences of term-pairs (they
could co-occur in any location in the definition and in
either order), and the co-occurrences expected from
chance alone. Tables 4 and S show the top and bottom of
a list of all pairs formed from the low entropy terms in
the previous experiment. The first 1120 terms were
chosen, that is, those having an entropy of 2.0 napiers
¢~ less. The pair list was then sorted by this associa=-
tion measure, A.

Word pairs which are found to be highly associated,
appear to do so for two reasons. The test, which is
trivial, is that some word pairs are semantically one
word despite their being lexically, two. Common
examples would be 'White House' and 'Hong Kong'; medical
examples are 'vital capacity', 'axis deviation', and
'slit lamp’. These could have been avoided algorithmic-
ally by not taking adjacent words in forming the term-~
pairs, without any significant overall effect. The
second reasons for high frequency word co-occurrence is
that both words are causally related through underlying
physiological mechanisms. It is these which had the
greatest interest for us, and the measure A, may be
viewed as a measure of the non-independence of the symp-
toms or signs themselves.

The term pairs which are negatively associated, have
this property for the same reason. If the two terms are
used typically in the descriptions of different diseases,
they are less likely to co~occur than by chance. (In a
baseball story on the sports page, we would not find
'pass’', 'punt', or ‘'tackle'). These negatively assoc-
iated pairs may have value in diagnostic programs for
the recognition of two or more diseases in a given
patient, a problem not satisfactorily dealt with by even
the most sophisticated of current programs.

Finally, an extension of the entropy concept permits one
to generate (algorithmically) the vocabularies used by
the medical specialties (which correspond to the disease
categories represented in CMIT. This is done by assign-
ing terms which occur predominantly in one category to a
single vocabulary and then sorting by entropy. Tables 6
and 7 show the vocabularies used in dermatoleogy and gas~
troenterology (as derived from CMIT). These vocabular-
ies, it will be noted, can be used as 'hit lists' for
the purpose of recognizing the content of medical texts.

In summary, we see the ability to differentiate medical
terms from common words by context, and the ability to
relate the medical words by meaning, as two of the first
steps toward text processing algorithms that preserve
and can manipulate the semantic content of words in med-
ical texts.
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FEVER, MOUNTAIN: FEVER, MOUNTAIN TICK.
VIRUS TRANSMITTED BY TICK DERMACENTOR
ANDERSONI.

CHILLS; HEADACHE; PHOTOPHOBIA; BACK~
ACHE; PAIN IN EYE; MYALGIA; ANOREXIA;
NAUSEA: VOMITING; PROSTRATION.
SEASONAL, MARCH TO JULY, IN WESTERN
UNITED STATES; INCUBATION PERIOD 4-6
DAYS; ONSET ABRUPT; POSSIBLY SLIGHT
ERYTHEMA; SUSTAINED FEVER, 102-104 F
OR HIGHER SIGNIFICANT; PULSE RATE
INCREASED. COURSE: IN PREVENTION,
REMOVAL OF TICK FROM SKIN; APPLICA-
TIONS TO SKIN OF TURPENTINE, IODINE,
ACETONE; REMOVAL OF TICK BY INSERTION
OF NEEDLE BETWEEN MOUTH PARTS; ASPIRIN
FOR PAIN; ANTIBIOTIC TREATMENT IN-
EFFECTIVE.

ENCEPHALITIS, MENINGITIS ESPECIALLY
IN CHILDREN.

WBC DECREASED: MONOCYTOSIS; COMPLE-
MENT-FIXATION TEST POSITIVE: INJECT-
TION OF SERUM OR CSF KILLING SUCKLING
MICE; NEUTRALIZATION OF VIRUS WITH
IMMUNE SERUM RESULTING IN SURVIVAL.

Figure 1. Typical disease 'definition'
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5¢7 small 364 other

492 possible 36@ acute

489 severe 360 years

478 rost 358 failure
473 disease 349 between
457 pressure 349 large

447 absence 341 dyspnea
446 trauma 341 early

443 chronic 340 weakness
442 edema 339 nausea

435 percent 338 tenderness
434 treatment 337 inflammation
432 vomiting 337 mass

431 later 336 age

426 absent 335 within

422 common 332 if

421 asymptomatic 331 lower

420 during 328 swelling
41S rarely 327 necrosis
414 hereditary 325 pos ‘“ive
461 lesions 324 headache
396 than 318 frequent
390 abdominal 316 whe

389 more 315 area

389 often 313 hemorrhage
383 into 313 infiltration
382 type 309 obstruction
381 bone 304 form

75 involver int 381 congenital
369 especially 381 enlargement
367 areas 391 progressive

Table 1. The highest frequency words
used in CMIT, together with the number
of disease definitions in which the
word occurs at least once.
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Table 2. The lowest 'entropy’ words

in CMIT, in order of increasing 'entropy’
The entropy is given in the first column;
the entries in the next ll columns are
the percent of occurrences in the 11
disease categories (body as a whole, skin,
‘musculo-skeletal, respiratory, cardiovas-
cular, hemic and lymphatic, GI, GU, endo-
crine, nervous, organs of special sense).
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list, showing the negatively correlating
words.



1.9926
1,9994
2.,8008
2.0026
2.0032

- - - -

o
B UG - WV CENANCE WA B - AWNSCON OG-~ B CANOON W IDONEEGNEN R LR L BE ON

A OGN AR~ OO~ NG - - wOOROOND LG~ BO0WAG - GEO-EO0CBEONGCBAS — &

Table 6.

GO+ - OO EE OO AN~ B L WOED W NO~Cla YO0 NOLCE-rNOAELE O 20N~ EDE &

ON OGO OENDGNERG - ONE SCOC - BE00RNSGN - QWNEWSAO-INACNENREOS G N B—

- LA GGCNAAG LGN -G e 0O GNOG0Ge G- 3NE0 -~ Wl000uGoCNERILCABO D~ Bl

-

B O O WLAD NN ENALS - OONA LD - AUGGECGBNI -~ OBUOC O~ GG ~wO A~

-
P L L1 TV YU r-ounty JYPOITY YOIy PVRPR SIS WIS S

-

GG LUE B OVNN AN WG

O EAGOEGD O~ ~ O OON VOV OO~ PGaAHEGNAON~0003I30BA-Ard-—~GCS 0

PN OO EaN D AN NEANOS -~ 0G0 GCO0ONOO~GON - 0000 S0NDAHGENGADED - -0 KLE

OO EE 0B LN ABCE N EEBL NN GCOI0EINONOL-~CONaRCOINAI~GT - EC D

epidermis 93
dermis 85
papules 76
acanthosis 44
hyperkeratosis 56
epidernal  4C
macuies 31
scaling 41
scalp 73
invoiution 22
papule 32
sebacecus

notny 21
weratin 19
scratum 21
eruption 54
corium M
corneunm 1B
mslanin 26
prurizus 185
pustules 28

bullee 39
soles 40

scales 1%
nipple 18

infiltrate 74
parsaerscosis 21
palms A0
hyperpigmncation 22
cutis 19
ichthyosis 12
erythematous 62
tollicles 54
tches

pa

crust 16
keratosis 17
follicular 32
cneexs 21
cece 20
circunacribed 65
crusting 37
Lreast 44
sweat IS
subepidersal 10
leaving M
plagues 57
sunlight 25
verrucous 14
nail 29
scaly 22
ridges 25
hyperkeratotic 17
hairs 13
eczews 21

A word list generated algorith-

vocabulary.
is represented by the third column.

mically which constitutes a dermatological
The disease category ‘skin'

152

8 ? o 1 ] PO ] 1 2 0 ¢ stools 92

2 1 1 [ 5 2 44 3 1 [ 2 barius 59

2 1 4 v [] 9 N 4 5 ¢ ¢ colon R

[ L] 1 0 1 1 24 1 1 e ¢ gallbladder 29
2 0 1 o 1 2 1 & 0 ¢ duodenal 4@

b 2 [} Q 3 i 18 0 2 L] 0 dusderwm 3
k) [l 1 1 3 4« » 2 o 0 @ peritonitis 72
1 ) 1 0 3 4 1 0 i Q 1 guadrant 47
4 e [} L] 1 1 2 3 4 0 ¢ bile 39

2 [ 1 1 1 4 8 1 2 0 @ biliary 4e

] [} 1 1 2 13 4 9 1 @ epigastric 68
1 0 [ a 0 0 14 o 0 [ C gastroscopy 1
2 L] 9 [ [ T on [ 1 [ ¢ wurobtlinogen 21
19 [ 2 [} 2 [ ) 6 4 6 0 conscipetion 78
H 1 [ 2 3 3 2% [ [ 1 a Y I }Y
1 0 3 1 L 1 2 1 1 e 1 twooth 31

[ [] [ 9 [} e u [ 2 a 0 jejumm 13

[ 3 0 [ [] 6 11 o 1 o 0 pulp 2

1 0 1 [ [} 0 14 1 a 0 ? colonic 17

[} 09 1 [ [} e 1 1 [] v 2

3 c [ [ [ 2 13 L} I [} e Lsp 16

2 [ 1 L] ] e 1 [} [ ¢ 9 pyloric 16

3 1 [] 2 Q o 15 [ e [] ¢ subsaxillacy 21
? Q 9 1 1 6 2 2 ) 1 & Dbilirubin 42
12 5 [} 2 Q 9 4 1 1 0 teces S0

L} 0 [ 0 [ ¢ 1 [ 0 ¢ 0 peciporetal 19
2 1 [} 1 e [ S 1 3 9 8 meal 2

2 ] e 1 e 9 u 1 2 o ¢ cecm IS

1 1 L] 1 1 12 b) 0 4 ¢ seool IS

9 4 1 2 2 7T 3 L] 3 2 0 cirrhosis 60
4 2 [ 0 3 1 16 [ 0 Q 0 masenteric 26
2 1 0 L] 1 1 15 1 1 L) o peristalsis 22
1 0 o ¢ 1 e 1 & @ 0 0 sgp

L] ? 1 [] [ e 1 1 L] [4 4 proctoscopy 13
[ 1 5 [ ] s 1 L) 2 3 0 incestine G4
[} L} 9 [ [ L] 9 [ 8 [} @ cholangitis 9
[} o o [} -] [ 9 [ 0 ] # cholecyswegraphy 9
[] 9 L] [ 9 ] 9 [} 0 '] U esophagoscopy 9
4 S 1 e e e 15 0 L] 1 O anal B

1 [ o [ 3 4 Jo [ 1 (4 ¢ varices 19

L] [] [ [] 1 1 9 [ 4 0 ¢ inctrahepacic 11
1 [ (4 [ o 2 6 [ 2 [ 8 gastrectomy 11
L] 0 L] 1 a 9 9 1 1 o [ Y ion 12
[ 2 ¢ [ ) 9 e 3 2 [] 8 loops 20

1 1 L} 1 2 5 M 1 1 1 1 portal 28

e 1 8 [ 8 ] 8 [ 1 [ 0 jejunal 1¢

[] [} E] 0 0 1 s ] 2 L] 2 eminopeptidass 8
b [ o 0 ] L] 9 e 9 ° 0 thymol 12

0 1 2 1 [ [ B Y} H 9 9 ¢ sigmoid 16

2 2 [ 3 [} 0 1 4 14 o e k1]
1 1 L] [ 2 c u 1 1 [4 0 flewm 17

3 'l L} o L] 3 ] [ [ 1 0 achlorhydria 15
1 ? L] 9 0 11 0 1 2 1 paroti¢c 16

14 ? 9 2 [ o 1 3 8 1 2 mlyys 19

[ 9 0 [ L] 1] k) a 2 [} §  subtotal S
2 2 e 1 9 ¢ 10 f [ L 0 colitis 15

Table 7. A word list generated algorith-
mically which constitutes a vocabulary of
gastroenterology. The eighth column
represents the disease category 'digestive
system’.



