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THE USE OF ELECTRONIC COMPUTERS IN
¥EDICAL STATISTICS

[This 18 a translation of an article wvritten
by A. D. Voskresenskly and A. I. Prokhorov
in Sovetskoye Zdravookhraneniye (Soviet
Health), Vol. XIX, No. 2, Moscow, 1960,
pages 25-32.] _

The elsctronic computers produced in recent years
constitute the grestest achievement of the human mind, and
open & new ersa in sclence snd technology. The theoretical
and practical basis for the use of elsotronle compubters 1ln
medicine is their ability to perform mathematical and logl-
cal computatione of encrmous complexity, in the shortest,
time, operating on more quantitative date than the human
memory can store. Any problem presented as & -continuous
sequential chein of loglcal operatiocns can be solved by an
electronic computer. v

From well-known reports descrlibing the volume of work
in public health planned for the next seven years, it is
apparent how great a need exlsts for the study and analysis
of the quantitative aspectis of various phenomena, and for
brosd and intense statistical lnvestligatlons encompassing
the variety of relatlonships with which medicine has to deal.
Statistical processing of observations is an indispenssable
condition for planning preventlion and hosplitallzatlion mea=-
sures. Establishing hyglenic norms for work and rest;
deternining the value of medicinsl remedles, vacclines, ser-
umg, end methods of surglical treatment®; measuring the effect
of industrial and domestlc factors on a person’s health,
orgenizing drugs supply =- all these are impoesible to do
without applying statlstleal methods to0 ths information ob-
tained in the course of an observation. The greater the
nuzber of phenomens and relatlonshlpe subject to statistl-
csl snalysis, the more certaln and sccurate are the con-
clusions which can be made with regard to the causes and

Lregularity of diseases.
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The upiformity of principles and quallity of medical’l
facilities adopted in Sovlet public health yleld all the
conditions for organizing perfect statlstical regearch
gystems. However, in the solution of some important prob-
lems concerning clinlcs snd disesse preventlion, statistical
gtudy of facts is nov given sufflclent sttention and facill-
ties. Weak knowledge and utilization of statistical laws
result, in many caseg, in en argusent concerning one Or many
treatrent methods, or concerning the factors influencing
the ocscillations in slckness rates -=- an argument which may
last for years on end without producing evident procfe of
the usefulness of any particular view. Such a situation
arises as a result of insufflclent guzntitatlive observa=
tione, or incomplete study of cornditions which may influ-~
ence the conclusions. Application of exact regearch methods
snd reslization of the mathematical and logical posslbili-
tien of alsctronic computers may serve as the besle for &
radical improvement in the position of statistics in medi-
eine and HILolozy. '

The application of electronlc compubers to the solu-
+ion of ststistical problems, as experienced in the U.5.8.K.
and sbroad, proves thelr enormous pogsibilitlies in this
divestion. The effectliveness of compuilsr utilization steus
from the sutomation of the most laborious ptatistical pro-
cesges -- classification of incomlng materisls into proups
and production caleulatlioeng -- 23 well ag the tremendous
acceleration of atatistlcal data procesaing, paralleled oy
the reduction of the work requlred for ascomplishing similar
tasks by ordinary meithods.

At the vresent stage, the development of computational
technigues for statlstlcs opens new and broad perspectlves,
owing
cal ¢
curre

to the possibilitlies of elestronie computers. Numeri-
nalyzers of the elactromechenicsl) type, which are

ntly in wide use, have a number of technical pecullarl-
tiea which 1imit the range of proolems solvable by such
machinss., They can perforn complex combinatlons of arith-
metical operations (summatlon, caleulation of various Indl-
cators, ete.), but they cannot serve for the complete auto-
mation of a mtatlstleal process, Electronlc computers
possess o bpaslcally different property in that they operate
on the nezie of alogorithms, l.e., precise instructlons,
which, a8 will be shown, yield correct golutions to all
problems in a definite form. Eiectronic computers can
accomplish any loglcal task for which an alogorithm can he ¥
found snd formulated. The fileld of medical statistlce 1s
particularly amensable o alogorithmizatlon, gince the [rane-
work of statistical research processes ts constructed on
mathenatical methoeds of analysis and on a rigorous, logical
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Bystem of lnferences. It is appropriate to present an
example 1llustrating the inferiority of conclusions result~
ing from the laeck of compiete gtatisticel control. Consider
one of the tadbles produced by a group of authors lun the
journal "Voprosy Viruselegil", No. 1, 1959, page 38.

Incidence of Influenza in June-Octaber 1957
per 100 persons ¢f correspondlng sage

Age of subjects As given
Total hy town
G-2 3-6 7=14 | Adults regletry
Nunbeaer of
subjects 127 159 432 2751 2469

Incidence of
influsnza:

Absolute
number 59 95 244 1277 1675
i 46,5 53.6 56,4 46 .4 48,3 A7.0

e suthors £ind the susceptibility to 1lnfluenza to
be spproximately the same in all age groups; to gorrahorate
this the given table, based on the results cf a population
questionnalire, is produced. At first sight, the incldence
percentages in the various groups eeem indeed aimilar. How-
ever, il the mean differential errcr l1s computed for the
percerniaze ratic in the first two groups, the gconclusions
reached by the authors become doubtful. The mean differ-
entisl srror for the ratez in the first and second groups
equals V19.6 + 165.17 = £5.9%, and twice the mean differen-
tisl error (11.8%) is less than the difference between the
indicetors (59.6 ~ 46.5 = 13%,1%);: consegquently, the differ-
ence between the indleators in these two groups is, with
hish probabllity, not aceidental but caused by unequal
susceptiblilty of the groups to the infliunenza virus, or by

daifd nees in some faators or othere which affect the in-
clde . The suthors assume egulvazient conditions for

both groups, in which case it 18 even Jess foasible to ex-
plain fortuity. If conditions are considered nonequive-
lent, then 1t is impossible to compare the lnceldence,
aincs in thilg case comparison would be incomplete. A
simllisr result is obtained when the mean differentlial
ervor L1 computed between the second and fourth groups.




The example glven shows that statistlcal methods |
should occupy & more appropriste place in medlcine.

' The problem of automatic dlagnosis of many diseases
likewise requires & radical improvement in clinleal statls-
tics, since only by the integration of all the reliable in-
formation conceraing the frequeney and significance of
‘symptoms 1s it possible to establish dlagnosis formules for
iglven complex situstions.

' It can be assumed that in the futurs clinlcal ste=~
tisties will be distingulshed as an independent division of
atatistics, owing to the importance and specific value of
its problens. -

The variety and quantity of problems to ke solved by
stetistical medicine indicate the need for strict standardi-
sation of statistical material collection, and for automatic
processing of this materlal. Success 1n thias matier, as
well as considsrable saving in time, material and labor, can
be provided by the use of electronic computers. With the
ald of computers it le possible to automatize not only a
computaticonsl process but also the loglesl aspecis of such a
process, L.6., choosing the course of calculatlons in acoord-
snice with the pesults of intermedlate operatlions; as applilsd
0 the entire srienal of mathematical methods, and estab-
lishing dependence eriteris among the varlous factors., By
these mesns, snawers would be obtalined in s form most come
venlent for subsequent comparison and for planning azction ln
secordsnce wilth contemplated rules.

Alogorithmizstion of statlistical problems can be

realized only through the joint effort of medical statistles
83 allsts, representing various arese in medlelne, and
ma gt ielsns-programmers, In the establlshment of pro-

grans for machines of a specified type, the pariticpation
of an electronle engineer iz gleo obligatory. The doctors’
reaponszibility should encompass the followlng: 1) ehoosing
for the statistical research io be undertaken that having
the grestest signiflcance and highest priority in the suto-
matizetion procesa; 2) establishing the form of the reporis
st sach stage of thelr passage through ths central statie~

tical orgsn, whille sharply curtailing the reporiing opers-
sions at other etages: 2) controlllpg the significance of
statistiesl indlestors snd correlating theoretical conelu-

sicns with actual relstlonships of observed phenomens; :
%Y ptudying the logical structures end sequential process of
statlstical processing and analyzing the dats obtained to
produce logleal schemes for automatle analysis.

L. :



- Congider the automatilc mechanism for summarizing B
statistical observations, in the example of processing '
"patient cards" -- cards filled for dlscharged hospltal
patlients.

Anglogously, 1t 1s possible to process, with the ald
of computers, registration documents and reports such as
slckness quemtionnalres, desth certificates, etc. Every
task is composed of three baslc steps: 1) eollecting ob-
éservaﬁions; 2) summerizing them 1n tables; 3) selecting

Tnecessary indicators, clarifying and exploring interrela-
tionships of various types.

The antomatlzation of the first step ~- collecting
observatlons -- 18 not feaasible, ab least not for the exlst-
tng system of reglstration and reporiling.

The second step consists of summarlizing statlisticesl
oheervations in tables. A2 & result of this step we should
obtain tables Tilled with eclassified and totaled observa-
tions, as well ss varlous types of relatlve {percentage} ine
Alestors. The table format, the symbols, and the intervals
for the groupings must be established in sdvance and inelud-
ed in the machine program, Thle phase of the tesk is gulite
difficult, but compensation lles in the fact that a well
eatablished system of tables and indicators may serve, with-
cut majlor reconstructlon, for a number of years, and has 10
Be merely expanded in pew progranms intended for computlng

L}

(> &
newly discovered relatlionships and rules.

t present, the utilization of computers of eleciro-

mechanical type for thls purpose conghitutes an enormous

agl., Fach patlent card or any other document must be read
v & doctor, each symboel must be designated in cipher and
hen converbed into a perforation code. The entire reverse
side of the ecard of a hospltallized patient, including
elinical snd pathological-snatomical diagnosis of the en-
tire cose, addlitional 1llnesces, complications, and nameés
of operations, can be clphered cnly by an extremely Welle
informed doctor. It would suffice to say that in Leningrad,
the compilation of hospltal records comprises 460 dlseases,
which 18 by né mesans the 1imit¥. The dlagnosls deslgnsted
on n cord cannct coinelde preclsaly with the Tormularized
record, and it lg necesaary to estsblish the form into

gietiatical analysis complled Iroum hospitalized patlientis
sningrad in 1955, released by the Seientific Methods
1 of Sanitary Statistlcs of Lengorzdravotdel {(Medgiz,
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which it must be brought in order to facilitate ciphering.’]
Consequently, 1t 1s necessary 1o read, cipher and convert
into a perforation code the data contained in all cards (in
the Leningrad exsample, 300,000 cerds). ‘

If we sssume that the processing of each card woul
require 5 minutss, then the proceesing of only 30C,000 cards
would consume 25,000 working hours or, considering a elngle
perzon and a 6%-hour working day, 4,000 working daye. It
1g understandsble that the Leningrad Bureau of Statlietics,
even with mechanical tabulation of the mabterisl, could pub-
1ish its report only after two years of WOrk.

Briefly speaking, the titsrnlc labor regqulired for the
preparation of statlstlesl material azs machine input, con~
stitutes the basic obstacle to processing the najority of
registrations and reporis that sre of practicasl Interest to
medical statlstlos.

Only the ubilization of electronic computers for this
purpose would permit the sutomatization and would consider-
ably acceleraie the processing of tene of millions of docu-
ments that currently have no particular usefulness, beling
gtacked in archives of many institutions.

Finally, the third step of the stastisilesl investliga-~
tion ~-- the analyels of indlcators, thelr comparison in time
end spece, and the inltiation of a deep statistical analysis
by detecting changes which exceed the probability of the
percent differential due tO sccidental ceuses =-- 8ll that can
be fully automatized thanks to the loglcal capabllitles of
computers. Such an snalysis (and 1its automatization) is
eepecizlly important in large-scale territories, when one
¢an assume & number of factors alffecting gsickness rates
differently in the various individual reglions.

The advantage of computers 1s dque to the fact that
they facilitate gutomatic anslysis of relationships assoclal-
ed with various combinatlions of these factors, towards a
conclusion concerning a comparative and correlative depen-
dence, AT such a dependence exists. To that end, the comput=-
er has %o be provided with sub-programe of operations snd
commands, constructed by deciding which factors should be
gseleceted to establlish correlational relationghlips.

Eeturning to the collective work of the Lenlngrad
authora, it should be noted that not one of the tables in
this report would require, 1ln the sunpmarizing process,
logleal manipulations of results obtained from intermedlate
computations., Each computation is performed in =& gtrictly



Foutine fashion from the particular to the general, 1l.e., 7}
independently of the age Indlicators or of the number of
bed-days in the indivldusal hespitsls from which the over-
all age indlcators and over-sll aversge number of bed-days
per hospital and per age group could be caleulated. The
resulis, vhen cozpared with those of the preceding year
{chronologlcally)s yleld the conclusion that same of the
indicators have subslded, In cases where indicalors are
changed for the best, it 1s possible 10 comclude that
attention should be concentrated on the dlagnosias of some
pathologlcal areaz, and so forth. Only in one article are
figurea produced concerning various indlcators for the
number of bed-~days in some hospltals for a glven dilsease.
No attempt has been made to analyze the sharp differences
in the treatment dstes of one disease or snother (in patients
of the same kind) in the various hospitsle.

As a nmatter of fact, it is imposasible to obtain the
causes for the shove differences from statistical analysls
of patient cards, since treatment dates are substantially
affected by many factors not accounted for in the records
and in the statistical forms.

However, one c¢ould attemnt to estsblisgh the relation-
ship belween trestment dates and age of patients (or gen-
erally, chargclteristics of patlents tresaited in glven insti«
tutiona), dates of psatient admissiona, period extending from
the time of admission 1o the time of operatlon, couplicsa~
tiong, responses, coincldences, dlsgnostical diserepancies,

On the other hand, speclal asnalysis of an individual
medical inestitution is possible (or, rather, possible within
the prebabllity sense of the true conclusions) only for
those victims of any givepn disesse, the number of which would
¥Yield at loast some scores of ohservations in the investl-
gated medical institution (eo that the indicator differsn-
tlal would exceed twice the average error differential of
the psrcentage ratlo). Such a selectlon of hospitals and
investigatlon of relgtionzhips of varioud orders can be per-
formed sutomatically by programmed computers.

It is understood that one may obtein the relationshlps
with controllable aceuracy or rellability. The value of
stetistical resssrch by formal methods (econducted according
to the same principles as ordinary methods, but in consid~-
erably larger volumes) 1s evident, since the presentation
of the relstionships makes the research efforts useful in
gubseguent processing; in the selection and analysis of
Lhservatlons, which will be performed in & more retionsl



manner, and ln eliminatinX

- Does he live in lsborious, unnecsegsary
given locelity? computations where a for-
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process can be completely automatized. Computers operate 7
numerically in the so-called binary nunber system, through
which any number in the decimal system can be expressed by
g corresponding combination of ones (1) and zeroa (zero).
Esch pumber 1s stored in the machlne memory system, In a
particular location called a "ag11". In each cell of the
memory system, s number 18 stored consisting of ones and
zeros, and representing all the data in the patieant csrd 1n
a coded form. ,

| After the data of all the carda to be processed
(practically, there may be as many of these as desired) are
recorded in the machine "memory", processing staris in
sccordance with a pre-esteblished progreaiu. Admlttedly, we
must establish tables and generate a number of indicators
which are of intersst (ses table of obgervations summary).
In tris case, ths machine would operate initially in accord-
ance with a loglcal dlagrem {see dlagram of a address
gearching). Each number (as glven ln some patient card)

1s picked up from the corresponding cell of the memory sys-
tem (numbers are picked up in order), and operated on by
the arithmetic system cf the machine. In the arithmetlic
system, & oomparlson operation is carried out between this
nunber and pre-established numbers; rgther than the entire
number, only the necessary pertion is compared {first, the
diagnosls symbol)., In case of coincidence, automatic
switching is effected to the next operation -~ comparison
with the next symhol ~- and so on, until the final resultl
is recorded in & machine memory location stipulated by the
program. In case of lack of coincidence of any particular
symbel, the entire number 1s restored to its cell in the
machine memory, and the next number 1s picked up. Thus,
sequentially, step by step, numbers can be selected from
11 the remaining cells and the neceszary table established.
Subsequently {after switching to another progrswm), the com-
putation of the neceseary indicators snd determination of
the correspending relationshipe can be initlated.

Performing these operations manually would prove
too slow and cumbersome. For mschines, however, these
cperations are most sultable. Regerdless of how efflclent
people may be, even with the aid of desk csleulators,
thelr operation spesds would always be considerably lower
than that of & computer, since each such operatlion takes,
in a computer, only s milllonth of a gecopd. Also, the
size of a practical program may be as large a8 desired.
Switching from one of the programs executed by the ma-
chine to anether may be resglized elther sutomaticslly by
g special program established for this purpose (in this
.cage the special program 1is called & "subw-program"), or

— 9
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Table of observations summary as grouped in computer 1
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wonditionally, depending upon computatlon resulis obtalned(}

The disgram presented doeg not by any means exhaust
the loglceal capabilitles of computera; slthough 1t is the
result of serious work, 1t cannot be c¢laimed as complste
and indisputsble, and 1ls glven here only es a visual 1lluse~
tration of the sdvantages and possibillities of computers in
processing documents of considerable interest to medical
statisties., Thanke to electronic computers, statistlcs

4ahea1& and can extend its range of effectlive spplication

riot only in width but slsc in depth, penetrating with its
methods imto all flelds of theorstical arnd practicel medl-
cine., The results ¢f statistical ressarch should ocoupy a
proper position not only in speclalized statistical litera~
ture but 2180 in elinical, physiolegleal, epidemologleal

nd other publicstions. Clinleal journals should publish
stetietics research papers, with exsumples whiceh revesl the
insdequacy of individual works, the authors of which con-
struct thelr conclusions on the basig of incomplete statis-
ticel data; they should summarlize and analyze, by statlistl-
cal methods, the results of observations based on aggregates
of facts. Medlesl and blologleal statisties must be gulded,
in their concluszions, by the jelnt knowledge of declors,
biologlists and mathematiclans.

The application of computers in statlistlicsl research

permits us ¢ perform computations in an extremely short
time; thus statistlics becomes an effective weapon in the
operational struggle for the reduction of dlsease and the
improvenent of human health. The various intsracting csuses
and conseguences, the abundance and varishlility of fsctors

which influence each other, the probabllistic character of
many relationships, the necessity for processing encrmous
quantitative data =~ 211 these wmake the problemsg of ststls-
tical research of blologlecal behavior extremely difflcultl
and complex. Frecisely for this resson, the intricate meth-
ods reguired for solving such problems musi be applled
through the use ¢f all avallable electronlc achlevements,
and above zll elecironle compubers,

11



Diagnosis symbol control

z({/ \\

Ooincldes Does not

Does not
colnecide

=\
AN

Response symbol control

Proceed to next

Coincldes
S8ex symbol control
address control

(e K&

i

o i

Does not |
eoineide

Coincildes

/

‘\

N

Age~group symbhol control

Coincldes Does not

coincide

\ \

Result distribution and
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Disgream of address-searching in machlne memory

Submitted 8 October 1959,
- END -
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