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I'I‘ HAs become inereasingly evident in recent
years that one of the major problems in the effi-
cient use of scientific manpower is the need for
easy and complete access to reports of work al-
ready done. Recognition of this need has led
to the growth of documentation as a special field
of science. Special techniques have had to be
developed for the storage of large volumes of
information and the rapid retrieval of this in-
formation when it is required by scientists. We
would like to describe one of the techniques which
the Science Information Department of Smith,
Kline and French Laboratories has developed
to handle pharmacological information.
Anyone who has worked with a new drug
knows that there is usually a frustrating lack of
information about it. When Smith, Kline and
French became interested in chlorpromazine,
we were faced with an unusual problem. We
were presented with a large volume of informa-
tion about the drug, which grew larger every week
and soon threatened to swamp our facilities for
keeping track of it. Long before we were ready
to market Thorazine, it became apparent that
we would have to devote our whole Science In-
formation Department to this one drug if we did
not find better ways of handling the data on it.
There are a number of well-known ways of
handling an aceumulation of reports and reprints.
1) They can be filed according to subject,
either alphabetically or according to a numerical
coding system. This works only with n small
collection and only if authors have cooperated
by discussing just one subject in each report.
2) They can be filed by date of receipt, acces-
sion number, author’s name, or some other neu-
tral identifier. In this case, a4 separate card index
is often used to supplement the report file. This
index ean be as specific or as broad as the owner
chooses. Card indexing will handle a considerably
larger collection than subject filing of the original
reports, and allows more thorough indexing of
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each document. It becomes unmanageable when
the total number of index entries desired is high.
In addition, it cannot easily identify a document
that discusses more than one subject.

3) When a card index, with separate cards for
each subject in each document, becomes too
large for efficient use, some sort of a unit record
is necessary. A unit record system involves a
recording medium, such as punched cards,
which still permits multiple indexing but requires
only one card for each document. Punched cards
can be searched either manually, using edge-
punched cards, or by machine. Manual searching
is inexpensive and is efficient for files up to about
3 thousand documents, depending upon the com-
plexity of the searches required. Beyond this,
machines become necessary. A primary charae-
teristic of punched card systems is that all sub-
ject headings for a given document can usually
be entered on one card; thus the card file con-
tains only as many cards as there are documents.
This obviously results in a considerable saving of
filing space and time compared to 4 eonventional
card index. To be sure, in such a system, every
card must be examined during each search. This
basic disadvantage is offset, particularly in
machine searching, by the speed of the machine
and its ability to select simultaneously the cards
which meet a complex set of characteristics.

The flood of information on chlorpromazine
foreed us to re-examine our methods for handling
such data. Simple subject filing obviously could
not handle several thousand detailed documents.
A card index was a useful stop-gap, but it could
not cope with the tide for very long. More im-
portant, it could not be used for correlating and
tabulating data. \n estimate of the amount of
data we might expect to accumulate within a
few years was enough to convince us that ma-
chine-sorted punched cards were the only way to
keep the situation under control.

The wisdom of this decision soon became ap-
parent, We now have more than 10,000 docu-
ments, published and unpublished, in our chlor-
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promazine file. These documents can be divided
into clinical and pharmacological reports, al-
though there is considerable overlap. Since the
needs of the clinicians and the pharmacologists
for recall of data differ, these two types of in-
formation are handled =omewhat differently,
amd only the pharmacologieal system will be
discussed here. It should be pointed out, how-
ever, that all the data, clinical or pharmaco-
logical, in any one document are entered on one
card, so that correlation between the two can bhe
mue if desired.

We think the system we have worked out for
storing and retrieving pharmacological informa-
tion is quite simple. Tt has to be, since machine
documentation is only one of the activities of
our  busy Seience Information Department.
As with any punched card system, it is based on
three essential factors: 1) an index, or set of sub-
ject headings; 2) a means of transferring this
index to a pattern of holes in o punched card;
and 3) a machine which will examine these
punched cards and sort out the ones which con-
tain the desired subject headings. Each of these
fuctors 15 discussed in detail below.

Anyone who has ever tried to index a file of
reprints or abstracts knows that the first essen
tinl is u list of subject headings. The larger the
file, the more necessary it is to have a compre-
hensive list that, as far as possible, anticipates
all questions that might some day be asked of the
file. .\ hundred documents cun be re-indexed if
the collector’s point of view changes; 500 make
the job pretty difficult, and 1000 make it impos-
sible, We anticipated that the chlorpromazine
pharmacology  file might eventually grow to
several thousand documents. Therefore, our first
job was to set up a subject heading list or index
that would include every concept we might ever
need to use to describe their contents, The list
should be specific enough to take care of all the
chlorpromazine data, but it should also be general
conough to apply to any drug. We believe our
solution is unique and, at the same time, very
simple.

The essential part of onr subject heading list
i a group of about 150 words or terms refeiring
to organs, tissues or functions, and hormonal
activities. This list includes almost any possible
site of action. For convenience only, these terms
are gathered into groups corresponding to body
svstems. For example, under central nervous
system, we have included gross anatomical divi-
=ions like cerebrum, hypothalamus and spinal

UTILIZATION OF RECORDLED KNOWLEDGI.

V27

cord, and specific function areas like appetite
regulation, emetic center and spinal reflexes.
Any  document containing  information about
the emetic or antiemetic action of a drug would
be indexed under ‘emetic center.” If it also con-
tained information on inhibition of the patellar
reflex, it would also be indexed under “spinal re-
flexes.” However, simply knowing that there is an
effect on the emetic center may not be specific
enough. Was the study done in dogs or humans?
Was the effect antagonism to apomorphine or
motion sickness, or perhaps a study of enzyme
svstems of the emetic center itself? Was the effect
observed only with very high doses? These
questions are answered by a second set of terms,
or deseriptors, any of which can be applied to
any word in the main anatomical list. There ure
words like dog, rodent and human to describe
the test subject; words like unusual dose, toxicity
and isotope study to deseribe special circum-
stunces. The reallv distinetive feature of this
svetemn is o group of words deseribing the actual
effect observed, such ax action of the drug under
consideration (called the reference drug) on fune-
tion, metabolism, or histology of the tissue in-
volved, effect of the reference drug on action or
metabolism of some other drug or physical agent.

A combination of these descriptors with the
site-of-netion words will deseribe the contents of
any  pharmacology report. Thus, a paper re-
porting that wvery high doses of the p-chloro
derivative of Boppo antagonize the emetic offect
of apomorphine in dogs would be deseribed by
the terms: Site of action: emetic center; descrip-
tors: effect of the reference drug on the action of
another drug—dogs—unusual  dose—derivative
of the reference drug (Boppo).

A puper describing the effect of chlorpromazine
on enzyme activity in liver slices would be in-
dexed as: Sites of action: liver—tissue enzymes
atd metabolism; deseriptors: effect of the refer-
ence drug (chlorpromazine) on metabolism —n
rifro study,

Two wvears of experience have demonstrated
that this subject heuding list fills our specifica-
tions. It is comprehensive enough to cover any
type of drug effect and it iz general enough to be
applied to any area of pharmacology or physiol-
ogyv. Since each word in it is independent of all
the others, it can be expanded and extended at
any time,

A earefully planned subject heading lst is the
mogt important part of any indexing svstem.
Tt is the one aspect which absolutely requires the



efforts of a scientist familiar with the field of
knowledge involved. Once this list has been
prepared, reducing it to punched card codes
hecomes a mechanical problem. An IBM card
has 80 vertical columns numbered from 1 to 80,
Each of these columns has 12 punching positions.
Every one of the total of 960 positions can be
assigned a  particular  meaning. In  normal
punched ecard procedures, only one punching
position in any one column should be used at
one time. Therefore, cach column is usually used
to record one piece of information. For example,
column 10 could be assigned to species, with
position 0 indicating dogs; 1, cats; 2, rats; and
so on. A punch in the 11th or so-called x-position
of the column might mean that several species
are mentioned. Numerical information may be
entered as such. For example, columns 18-20
might be used to record dose in mg/kg, In that
case, 125 mg/kg would be punched as column 18,
position 1, column 19/2, and 20/5. The identifica-
tion number of the document is often punched
in the first or last 6 columns of the curd.

Since there are 12 punching positions in each
column, our list of less than 260 index headings
would require approximately 18 columns of
assigned positions, or direct punches. However,
very few of these items would be needed to de-
seribe any one document, and most of the 18
columns would be blank on every card. Since
the same card also had to eontain clinical data,
document number, author identification, and
other general information, all available space
had to be used as efficiently as possible. If, in the
future, the subject heading list should be ex-
panded, it would require still more space, which
would probably not be available. These considera-
tions ealled for some maodification of the conven-
tional methods.

As mentioned above, normal punching proce-
dure does not permit unplanned use of more than
one punch in a column. However, it is quite
legitimate to plan to use a specifiedd number of
punches in each column. If we assign a specific
meaning not to each punech in a column but to
each combination of punches, the number of
possible entries is greatly increased. If, instea
of saying that a punch in position 0 indicates
dogs, 1 means cats, and g0 on, we say that the
combination of 0 and 1 in the same column is
spaniels, 0-2 is heagles, 0-3 is boxers, 1-2 is
alley cats, x-9 is human beings, and so on, we
now have something like 66 things to choose
from instead of 12. If a combination of 6 punches
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in o column is used, there are 924 possible com-
binations, that is, 924 possible entries, any one
of which ean go in one column. If each of the 924
items had been assigned one gpecific position,
we would have had to use 77 of the 80 columns on
the card, since each item must always appear in
the same place. Using 6-digit codes, we can put
any item in any column, We therefore need to
reserve only a few columns, enough to contain
the maximum number of terms to deseribe one
document.

Our system for storing pharmacological in
formation actually uses both types of punching,
We have 4 columns of assigned positions or direct
punches for the 48 descriptors, the words that
apply to any study such as species, type of action,
and special circumstances, since we need to use
some of these for every document. We use the 6-
digit codes for the site-of-action headings, the
anatomical terms. We have found that we seldom
needd more than 3 or 4 of these terms for any
document, but to be safe, we have allowed 7
columns. Remember that any of as many as 924
subjects ean go in any of these 7 columns. One
additional column of direct punches for body
svstems has been added, to take care of requests
for all documents deseribing any effect of chlor-
promazine on the cardiovascular system, for
example. (Yee ArpuNpIX for sample portions of
the finished code.)

This eode sheet containing the subject headings
and the codes assipned to them takes care of the
input of the system. Entering information in the
file requires only two people, a coder and a key-
punch operator. Operation of input ean be de-
seribed by following the paper mentioned above,
on the antiapomorphine action of p-chloro-
Boppo. The coder reads the paper and decides
which of the code words apply. She circles these
words and their aceompanying numbers on a
code sheet, stamps the sheet ‘Boppo,” and passes
code sheet and original document on to the
kev-punch operator. If this is doecument number
11,539 in the Boppo file, the first 6 columns of
the card will be punched 011539. On our cards,
columns 7 through 34 are reserved for clinical
data, but since the document in question is a
pharmacology paper they are left blank. Posi-
tion 3 in column 35 is punched to indicate that
the study involved dogs. Column 36, position 1
indicates that an unusual dose was used; 37/3,
that u derivative of Boppo was involved; 38/3,
a central nervous system effect, and 39/3, an
effect on the aetion of another drug, Columns 40-
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46 are reserved for the site-of-action codes. In
this case, the 6-digit code for emetic center (013-
689) goes in column 40; the others are left blank.
Other punches on the card will indicate that this
is a published paper by Jones from the Univer-
sity of Minnesota and that it contains pharma-
cological data.

The coding of a report on the antihistaminic
effect of chlorpromazine in isolated preparations
of guinea pig small intestine and tracheal chain
will illustrate how a more complex situation is
handled. We have made the somewhat arbitrary
decision that histamine should be considered a
type of hormone and therefore should be included
among the main subject headings. Therefore,
our 6-digit codes might be column 40/v34689
for histamine, column 41/145678 for small
intestine, and column 42/023569 for trachea.
The order in which these are entered is unimpor-
tant. Any of the three can be in any of those
three columns. Since histamine is a main sub-
ject heading, column 39 is punched in position
0, effect of chlorpromazine on function, funetion
in this case being the action of histamine. The
other deseriptor codes are position 7 in column
35 to indicate in vitre study, and position 4 in
column 38 to indicate the hormones, since hista-
mine is considered to be the main subject of the
paper. It should be stressed that the 6-digit codes
are not essential to the operation of the system.
They are merely a convenient device which allows
us to tie up only a small part of the card, while
maintaining a very large reservoir of index en-
tries from which to choose.

These examples illustrate the use of the code
to prepare our reference file. The machine we
use to search this file is IBM’s DModel 101 Elee-
tronic Statistical Machine. This machine was
designed originally to handle census information,
and is a big brother to the sorter that picks out
the questions on cooking or Abraham Lincoln on
the television quiz program. It is not a computer
or a giant brain. All it can do i sort and count.
Unlike its little brother, it can also do a limited
amount of printing and, most important, it ean
sort for several eriteria at a time. The standard
sorter can read and sort on only one column,
that is, for one characteristic at a time. If you
wizh to look for a second factor, the cards must
be run through a second time. The 101 reads all
the columns on a card in one pass and can there-
fore be instructed to pick out cards which econ-
tain several criteria at once. Instructions for
each search are given to the machine through a
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control panel wired by the operator. The wiring
procedure is relatively simple, and need not be
described here. The important thing is that the
machine will separate from a large deck of cards
those which contain any desired combination of
characteristics. These characteristics include
both the presence and the absence of certain
punches; that is, we can sort out all cards which
combine characteristics A, B, and C, or all
cards which contain characteristics A and B
only if C is not present. For example, we can
obtain all eards for documents which report
antagonism to the emetic action of drugs in dogs,
We can also specify that they should not eon-
tain any reference to sedative effect.

These three factors—the subject heading list,
the coding procedure and the machine—com-
pose our system. When a request comes from
one of our scientists for all the information on
some aspect of chlorpromazine pharmacology,
the supervisor checks the code sheet for the
appropriate codes. The machine operator wires
the control panel according to these codes, and
runs the cards through the machine. Since the
document number is typed on each of the cards,
those which have been selected can be examined
visually, or the machine can be instructed to
produce @ printed list of document numbers,
The corresponding documents are taken from the
file for detailed study by the original requestor,
or for abstracting by someone in the Seience In-
formation Department. If the request was for a
bibliography, perhaps to be sent to someone
outside the company, this can be prepared auto-
matically. This is done on the Flexowriter, an
automatic electric typewriter controlled by per-
forated paper tapes. One of these tapes has been
prepared for each reference in the chlorproma-
zine bibliography. To prepare the special bibli-
ography, the tapes for the references selected
on the 101 are fed into the Flexowriter which
types them out rapidly and accurately. Once the
tapes have been prepared, the references can be
reproduced as many times as desired, without the
necessity  for further proofreading.

The details of the system as we have deseribed
them here were designed to fit our equipment
and our needs, and are only a small part of a
larger operation. The method could, however,
be readily adapted to & much smaller operation
and much less expensive equipment. The same
type of code sheet could be readily adapted to
edge-notched ecards, such as MeBee cards, to
climinate the machines altogether. The most



730

important part of the whole system, from the
pharmacologist’s point of view, is the basie phi-
losophy used in designing the subject heading
list; that is, the idea of o et of organ and tissue
words eombined with a second set of words that
indicate whether the effect is on function,
metabolism or structure of the organ or on the
action of another agent on it.

There are several advantages of our system
over other methods of indexing:

1) Tt requires no decisions by the indexer ahout
the relative importunce of various factors, Clon-
sidering a paper on epinephrine reversal by chlor-
promazine, no one has to decide whether the
significant entry should be epinephrine, chlor-
promazine, pressor response, hypertension, or
adrenolytic action. All these facets of information
are coded. No matter which is used as a search
criterion, the paper will be found.

2) Once the subject heading list has been set
up, highly trained scientists are not needed to
operate the system. The indexers must have
scientific training, of course, since they must be
able to read reports intelligently and translate
the authors’ words into the code words we use.
An oceasional arbitrary deecision as to where
something should be coded has been necessary.
These arbitrary decisions do not decrease the
accuracy of coding or retrieval, since evervone
who uses the system knows which concepts are
included under each code word,

) Uniformity of indexing is very high. We
have tested this several times by having different
people index the same papers and the results have
always been very gratifving.

4) Relative speed of scarching is inherent in
machine systems. No time is lost deciding where
to look for something or in hunting down ‘see
also’ references. The IBM 101 examines cards
at a rate of 450 per minute, or 9,000 in 20 min-
utes. Refiling of cards is unnecessary, They can
be replaced in the file drawer in any order without
regard to alphabetical or numerical arrangement.
The only requirement is that thev all be the same
side up!

3) The subject heading list can be enlarged
or made more detailed any time we think it is
necessary without disturbing indexing already
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done, and without upsetting the entire classifica-
tion system. If necessary, we can sort out cards
referring to any particular subject and add more
codes to them. The punched cards are very
easily reproduced mechanieally if extra decks are
desired.

&) The code was planned to be applicable to
any area of pharmacology or physiology. As a
secondary benefit, we have found it useful for
such things as indicating fields of interests of con-
sultants, and even for describing side effects in
patients.

This is, of course, a retrieval system. It does
not give vou the information vou want, but it
tells vou which documents in the file contain it.
We have found that this is the most satisfuctory
way to deal with pharmacological information.
For handling clinical information, the code is
set up with a high propertion of direct punches
or assigned positions, so that we ean also corre-
late and tabulate data. This is done by wiring
the control panel to instruct the 101 to count the
cards as it sorts them. The tables are then printed
out by the machine just as we print out the docu-
ment numbers.

Tt is important to realize that this type of in-
dex is not limited to the equipment which we use.
It was designed for use with the IBM 101 sorter,
hut changing the code numbers, not the words,
could readily adapt it to a simple sorter or to
hand-sorted cards. It could probably also be
adapted to a card index. Needless to sayv, it
would also be applicable to other tvpes of machine
svstems. The same philosophy could also be
used in designing similar indexes for other fields,
such as microbiology.

This unique system of indexing and searching
pharmacological literature provides the scientist
with several bencfits. It frees him from many
hours of tedious library searching. It also assures
him of uniform, comprehensive analysis of all
documents in hiz sphere of interest. At his re-
quest, he ean obtain all the documents, and only
the documents, which contain the information
he desires. Such service, we feel, is an important
factor in the most efficient and productive use
of scientific manpower.
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Descriptors

Column 35: Subject
0 not specified,
several
1 rodents
2 birds, amphibia
3 dog and cat
4 monkey
5 other animal
6 human
7 in vitro
8 ovum
9 pregnant
x fetus, newborn
v other
Column 36: Special
features
) unusual dose
1 unusual route

9 absorption

x combinations

y comparisons

Column 37: Type of
study

0 chemieal

1 hioassay

2 pharmacy

3 derivative of

UTILIZATION OF RECORDED KNOWLEDGE

APPENDIX

Sites of Action

Central nervous system

013456 cerebrum
013457 hypothalamus
013458 brain stem
013459 spinal cord

013578 temperature reg.

013579 appetite centers

013678 respiratory
centers

013679 vasomotor
centers

013689 emetic centers

014567 spinal reflexes

Gastrointestinal system

134789 stomach

135678 gastric motility
135679 acid secretion
135689 other secretion
135789 small intestine
145678 s, i. motility
145679 s. i. absorption
145689 s. i. secretion
145789 colon

146789 color absorption
156789 colon motility
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Description

731

Sites of Action

5 isotope study OD7  y12346 TSH

v multiple aetion
Column 38: Body

system

0 metabolism of RID

1 blood, hemo-
poietic

2 cardiovascular

3 central nervous

4 endocrine,
hormone

5 gastrointestinal

6 peripheral
Nervous

7 urogenital

8 respiratory

9 bone, muscle, skin

x body in general

Column 39: Type of

action

0 RD on funection

1 RD on metabolism

2 RD on histology
3 RD on action OD

y12347 STH
v12348 other anterior
pituitary

y12459 estrogens
y12467 progesterone
y12468 other female
12469 androgens
¥12567 other male
¥23456 adrenocortical
¥23457 glucocorticoids
y23458 cortisone
¥23459 hydrocortisone

v34678 adrenal med-
ullary

¥34689 histamine

v34789 ACh

4 RD on metabolism OD

5 RD on action PAf

6 OD on action RD

Hormonal actions 7 OD on metabolism RD

8 PA on action RD
9 comparison with PA

T OD—Other drug.

RI*

4 isotope study RD 12345 ACTH

* RD—Reference drug. 1 PA—Physical agent.





