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THE USE OF DEMOGRAPHIC CHARACTERTSTICS IN PREDICTING

LENGTH OF STAY IN A STATE MENTAL HOSPITAL
CHAPTER I
INTRODUCTION AND SUMMARY OF PREVIOUS WORK

Almost 300,000 patients are admitted annually to state mental
hospitals in the United States (1). These patients remain in the hospi-
tal for varying lengths of time,‘from a few days to several years. In
1961, of 333,696 patients resident in state and county mental hospitals
in twenty states, 149,838, or forty-five per cent had been under the
care of a hospital for ten years or more (2).

Anker (3) has said that neuropsychiatric chronicity hasﬂﬁecame
a major problem in mental health. Lindemann, Fairweather, Stone, Smith,
and London (4) share this opinion and characterize the increasing number

"...perhaps the foremost problem

of chronic neuropsychiatric patients as
in the field of mental health..."

Pugh (5), looking at the future number of mental hospital pati-
ents in light of the "population explosion", does not find future pros-
pects very encouraging. He points out that the increasing size of the
population in the fifteen to twenty-four year age bracket.in'Massachus-

setts is resulting in an increase of first admissions to public and pri-

vate mental hospitals in that age group in Massachussetts. He states

1
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that in the past, patients admitted to mental hospitals in the fifteen
to thirty-four year age group provided the majority of the very long-
term patients; and, since this is the age group of the general popula-
tioﬁ that will experience a dramatic growth in the coming decade, mental
hospitals face the possibility of increasing numbers of long-term pati-
ents.

Therefore, it would seem that some method for identifying poten-
tial long-stay patients at the‘time of.their admission to a mental hospi-
tal would be a valuable tool in both hospital administration and patient
rehabilitation.

The purpose of the present study is to investigate the use of
demographic and other routinely recorded characteristics in predicting
the length of hospitalization category.that will characterize a person
admitted to a state mental hospital. The characteristics uséd in the
study are those usually obtained routinely on public mental hospital
patients at the time of their admission, or shortly thereafter.

Johnston and McNeal (6) feel that such eérly identification of
potentially chronic patients is important so that staff energies may be
focused upon them and appropriate treatment programs started. This feel~
ing is shared by Anker (3), who hopes that early identification could
result in new or more intensive treatment procedures so that this group
could have shortened stays.

' Several procedures designed to answer the question, "If a per-
son is admitted to a mental hospital how long can he expect to remain
there?", are in the literature. According to Staudt and Zubin (7) the

beginning of the twentieth century saw a direction of interest toward
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the evaluation of fhe outcome of mental disease. They point out that
most studies consisted of the follow-up of hospital populations over a
period of several years after admission. The objective of such studies
was to determine the ultimate disposition of the cases. Staudt and Zubin
refer to Bond and Fuller as pioneers in this research, and review their
work in considerable detéil. In one paper (8) Bond showed the length of
hospitalization of 111 female patients admitted to the department for
mental and nervous diseases of the Pennsylvania Hospital in 191L4. He
followed the patients for five years following admission. In four other
papers (9, 10, 11, 12) stabtus at follow-up was given in terms of condi-
tion, such as recovered, improved, and unimproved, rather than in terms
of the number who had been released frém the hospital.

Fuller (13) attempted to answer the question, "What becomes of
a group of mental patients within given periods of their first admission
to a mental hospital system?" He felt that his findings threw light on
the likelihood of eventual discharge from, without readmission to, the
hospital system. He calculated the percentages of patients in hospital,
dead, and discharged at the expiration of given periods after first admis-
sion by diagnostic categories and sex.

Israel and johnson (14) presented an attempt to develop a method
of analyzing available statistics in order "To dilineate the prognosis
in the variou; types of mental disease with such soundness that the physi-
cian, the fam{ly and the general public may have an acéurate basis on
which to develop attitudes toward those mental diseases."

Their method was to account for cohorts of admission by tabula-

ting the percentage released within specified time intervals following
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admission. All first admissions to the Warren (Pemnsylvania) State Hos-
pital during 1940, 1941, and 1942 were compared with first admissions of
1930, 1931, and 1932. The comparison was made by specific diagnostic
category to determine whether any change in the rate of discharge had
occurred.

The authors demonstrate that the type of statistical follow-up
they employ can be used to study the rate at which patients return for
further hosplital care.

Kramer, Goldstein, Israel, and Johnson (15) in 1954 used a life
table method for following cohorts of patients to determine the trend in
the probabilities of separation from hospital within specified periods
following first admission for patients with specific characteristics.

The method they used is that described by Dorn (16) for determining prob-
abilities of withdfawal for a population subjected to multiplé causes of
decrement. They computed probabilities of release, death, and retention
in hospital at various intervals follcwing.admission for all first admis-
sions to the Warren State Hospital, Warren, Pennsylvania, between 1936
and 1945, |

Since then the application of Krémer's method has been reported
by Kramer and others in several articles (17, 18, 19, 20).

Malzberg (21, 22, 23, 24, 25) used a method similar to that of
Kramer to determine the outcome of admission cohorts at the end of speci-
fied intervals.

A number of methods mostly based on psychological test scores
and other data not routinely collected on state mental hospital patients,

“have been developed in an attempt to predict how long a given person will
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remain in a mental hospital once he has been admitted. Anker (3) points
out that such studies generally have produced results of low predictive

value. He cites the studies of Meeker (26) and Lindemann, et al (4) as

offering more promising results.

Lindemann, et al, selected twenty-one demographic variables for
study. Their subjects, 248 male neuropsychiatric patients admitted to a
Veterans Administration hospital, were divided into two groups: (1) those
who were hospitalized for 90 days or less, and (2) those who were hospi-
talized for 91 days or longer. The first group, termed the short-stay
group, consisted of 120 patients; and the second group, the long-stay
group, was comprised of the remaining 128 patients. The selection of
90 days as a cutting point was based on the experience of Geidt and
‘Schlosser (27), who, the authors state, found a high frequency of dis-
charges during the first 90 days of hospitalization. The authors then
examined the two groups with respect to the twenty-one variables and
tested the differences between the groups by, chi-square.

Ehey'found that five variables, diagnosis, degree of incapacity,
legal competence, alcoholism, and marital status, sufficiently differ-
entiated the two groups to be included in their index. A score for each
item was computed by a method which the authors attribute to Moran,
Fairweather, Morton, and McGaughran (28).  Moran's method consisted of
recording items of information known at time of admission and evaluating
the significance of differences between groups by chi-sguare. Fach pa-
tient was then assigned a weighted score derived from thdse items which
differentiated phe groups beyond the .05 level of significance. Weights

were computed by ascertaining the logarithm of every probability value
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derived from the significant information items. Probability values were
defined as the proportion of one group to row totals in the chi-square
tables. A patient's score was determinéd_by sunming the logarithm values
that applied to him.

The index developed by Lindemann, et al, was found to be cap-
able of predicting long and short stay with an overall accuracy of T77.2
per cent.

Meeker (26) through an analysis of the Minnesota Multiphasic
Personality Inventory (29), developed a scale for predicting length of
hospitalization. He found that 48 MMPI items differentiated between pa-
tients with short hospital stays and those with long hospital stays. His
scale was developed from these 48 items. Meeker's subjects were all
schizophrenies.

Anker (3) developed a scale based on items from the Minnesota
Multiphasic Personality Inventory which he felt could discriminate mean-
ingfully for durations of hospitalization up to 18 months.

Johnston and McNeal (6) report on an index which they developed
using both demographic and Minnesota Multiphasic Personality Inventory
data. The percentage of correct predictions using their scale ranged
from 67.9 to Th.k.

Parnell and Skottowe (30) developed a prognostic scale based on
demographic and other characteristics of 120 male schizophrenics. They
found that six factors, age when seen, age at first mental hospital admis-
sion, occupation, somatotype, diagnosis, and particular hospital where
treatment was received, showed significant statistical association with

length of stay.



T

The authors computed the proportion of patients in éach of the
six categories, with the exception of diagnosis, who stayed in the hospi-
tal less than 150 days. A score for indicating probability of a short
stay was constructed by adding the five proportions fof each patient. -
The scale led to a prediction of short-stay cases that was 69 per cent
correct and to a prediction of long-stay cases that was 84 per cent

correct.



CHAPTER II
CHARACTERISTICS OF PATIENTS STUDIED

The data for this study consist of information on patients added
(hereafter referred to as admissions) to the inpatient population of the
four state supported mental hospitals of Oklahoma between January 1, 1955
and December 31, 1959, and who were subsequently released alive before,
or were present in the hospital on, July 1, 1964. Length of hospitaliza-
tion is defined as the total number of days spent in the hospital between
first admission date and last release date or July 1, 1964, whichever
came first. This allows for a follow-up period of at least four and a
half years for each patient finally selected for study.

Admissions to the inpatient populati;n of these hospitals in-
clude first admissions, readmissions, and returns to the hospital from
convalescent leave or unauthorizéd absence. Definitions of first admis-
sion and readmission are those used by the Model Reporting Area for
Mental Hospital Statisties (17). A first admission is defined as an
admission with no previous admission to any public or private psychiatric
hospital. A readmission is an admission with one or more previous admis-
sions to any public or private psychiatric hospital.

The four state supported mental hospitals in Oklahoma are Central
State Hospital, Norman, located in the central region of the state;

Bastern State Hospital, Vinita, located in the northeast corner of the
8
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state; Western State Hospital, Supply, located in the northwest corner
of the state; and Taft State Hospital, Taft, located in the East centrél
part of the state.

Central State Hospital admits patients from that portion of cen-
tral Oklahoma bounded by the counties of Jefferson, Stephens, Canadian,
Logan, Payne, Lincoln, Okfuskee, Hughes, Coal, Atoka, and Bryan and the
state of Texas. BEastern State Hospital receives patients from the east-
ern part of the state which i;-bounded on the west by Osage, Creek,
Okmulgee, McIntosh, Pittsburg, Pushmataha, and Choctaw counties. Western
State Hospital admits patients from the western side of the state bound-
ed on the east by the counties of Kay, Noble, Garfield, Kingfisher,
Blaine, Caddo, Comanche, and Cotton. At the time of admission of the
patients in the present study Taft State Hospital admitted only Negro
patienté and these came from all counties in the state.

According to the Oklahoma Department of Mental Health Policy
Manual (31), patients may be admitted to a mental hospital in Oklahoma
on a voluntary basis, by order of a County Court, by a trial court, or
by a District or Superior Court order. Provision is also made for the
admission of minor drﬁg addicts and mentally i1l prisoners.

When a person is admitted or readmitted to one of the four
Oklshoma State mental hospitals, certain demographic data relating to

.
this person are collected and punched into an IBEM card. In addition to
the demographic characteristics, data thag will serve to identify indivi-
dual patients are also collected. These data consist of the person's
name, date of birth, and hospital case number. The data collected on

each patient and stored on punched cards are shown in Table 1.
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TABLE 1

DATA AVATLABLE FOR EACH PATIENT ADMITTED OR
READMITTED TO THE STATE SUPPORTED
MENTAL: HOSPITALS OF OKLAHOMA

.

ES\OGDQO\\H-F‘UJI\)I—'

(=
=l

15.
16.
17.
18.
19.
20.

22:
e3.
2’4‘ .

Name

Case Number

Hospital to which admitted

Date of admission

Sex

Race

Date of birth

Age

Occupation

Marital Status

Diagnosis (Mental)

County from which admitted

Type of commitment (Voluntary, court order, etc.)
Criminal charges if any

Nativity

Education

Citizenship (Whether by birth, naturalization, etc.)
Duration of Oklahoma residence

Economic condition (Whether dependent, marginal, or comfortable)
Religion

Class of admission (Whether first admission or readmission)
Veteran status

Percent Indian blood

Addictions
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The data on these patients are on file in the Division of Bio-
metries of the Oklahoma State Department of Mental Health. In addition
to the data on admissions and readmissions, a punched card is prepared
for each patient who is discharged, placed on convalescent leave or
unauthorized absence, or who dies. This enables the Biometrics Section
to have a complete record of the movement of each patient in and out of
the hospital.

In the present étudy some of the patients admitted during the
study period were excluded from the study before any analysis was begun.
Patients classified under race as Oriental, Poiynesian, and "other and
unknown"; and those classified under religion as Hebrew, "other", and
"unknown" were excluded because of the relatively small number of patients
falling into these categories. Patients classified under diagnosis as
"dead on admission", "malingerer", "no mental disorder", "undiagnosed",
and "undiagnosed mental disorder" were also excluded for the same reason.

Patients admitted under district court orders were excluded in
view of the fact that they are admitted for a maximum period of 90 days
for observation. Within the 90 day period, <those found to be suffering
from a mental disorder are admitted to the hospital through other legal
procedures; and those found to be free of mental disorder are released
to the courts.

Certain other items of information were not used in the analysis
because of the suspected low reliability of the information. These ltems
included nativity, citizenship, duration of Oklahoma residence, economic
condition, veteran status and percent of Indian blood. The remaining

items were considered for use, but were regrouped as shown in Table 2.
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TABLE 2

ITEMS OF INFORMATION CONSIDERED FOR ANALYSIS
AND CATHGORIES INTO WHICH GROUPED

Ttem

Category

Hospital

Sex

Race

Age

Occupation

Marital Status

Diagnosis

i)
ii)
iii)
iv)

1)

ii)

Central
Eastern
Western
Taft

Male
Female

White
Negro
Indian

Under 25 years
25-Lk
456l

65 and over and unknown

Professional, semi-professional,
managerial and official

Clerical and sales, service, agri-
culture, ranching, fishing,
forestry, etec.

Degree of skill not stated, miscel-
laneous

No occupation, unknown

Single

Married

Divorced, separated
Widowed

Unknown

Acute brain disorders, chronic brain
disorders

Involutional psychotic reaction
Affective reactions

Paranoid reactions _
Psychotic reactions without clearly
defined structural change other

than above ' -
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TABLE 2 - CONTINUED

Item Category

iii) Psychophysiological, autonomic and
visceral disorders
Psychoneurotic disorders
. Personality disorders
iv) Mental deficiency
v) Schizophrenic reactions

8. Geographic Region i) Northwest Region
ii) West Central Region
iii) Southwest Region
iv) South Central Region
v) Central Southeast
vi) Southeast
vii) East Central
viii) North Central
ix) Northeast
x) Central

9. Type of Conmitment i) Voluntary, voluntary followed by
court certification

ii) Physician's certificate, court certi-
fication, physician's certificate
followed by court certification,
emergency, other (Deportees, trans-
fers from penal institutions)

iii) Order of detention (Criminal act)
Order of detention followed by
court certification

iv) District Court Order

10. Criminal Charges i) No
ii) Yes
11. Flucation i) Illiterate - read, write or both

no formal schooling

ii) Completed from one through eight
grades of school

iii) Completed from nine through twelve
grades of school,
Graduate of a trade or business
school

iv) Completed from one through four
years of college
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TABLE 2 - CONTINUED

Ttem ] Category

v) One or more years of graduate

school
12. Religion i) Protestant
ii) Catholic
iii) None
13. Number of Previous
Admissions
14. Addictions i) None, other, unknown

ii) Alcochol, narcotics, barbiturates
or any combination of the three.
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A total of 13,731 patients were in the group finally selected
for the study. The number and per cent of the sbudy patients possessing

the characteristics considered for analysis are shown in Teble 3.



CHARACTERISTICS OF PATIENTS ADMITTED TO OKLAHOMA STATE
© MENTAL HOSPITAIS, JANUARY 1, 1955-DECEMBER 31,
1959, WHO WERE SELECTED FOR STUDY

16

TABLE 3

P — ——
Characteristic Number Per Cent
Hospital to Which Admitted
Central 6155 4.8
Eastern 3832 27.9
Western 2326 16.9
Taft 1418 10.3
Number of Previous Admissions
0 5851 L2.6
1 4433 32.3
2 1973 1h.b
3 847 6.2
4 or more 627 k.5
Sex
Male 7374 53.7
Female 6357 46.3
Race
White 12006 87.4
Negro 1418 10.3
Indian 203 2.1
Not stated 1k .2
Occupation
Professional, ete. 835 6.1
Clerical, etc. 3866 28.2
Miscellaneous Thik 54.0
None and Unknown 1616 . 11.8
Diagnosis
Acute and Chronic :
Brain Syndrome 215 21.2
Psychotic Disorders other
than Schizophrenia 1504 11.0
Psychoneurotic Disorders, etec. 2783 20.3
Mental Deficiency 729 5.3
Schizophrenia 5550 ho.k
Other 250 1.8
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TABLE 3 - CONTINUED

———

Characteristic Number Per Cent
Marital Status
Single 3643 26.5
Married 5769 42.0
Divorced and Separated 2794 20.3
Widowed 1045 7.6
Unknown 395 2.9
Other 85 .6
Age (In years)
<25 1909 13.9
25-4 5877 42.8
4564 4180 30.4
65 and Over 1697 12.4
Not stated 68 .5
Criminal Charges
No 12815 93.3
Yes 916 6.7
Religion
Protestant 10590 7.1
Catholic 778 5.7
None 1511 11.0
Other and Unknown 852 6.2
Type of Commitment '
Voluntary 1048 7.6
Physician's Certificate and
Court Certification 11243 81.9
Order of Detention 1376 10.0
Not stated 6l .5
Fducation
None 701 5.1
Elementary 6154 44 .8
High School and Trade or
Business School 4807 35.0
College 1299 9.4
Not stated 770 5.6
Region from which Admitted
Central 4329 31.5
Northwest 89 6.0
West Central 718 5.2
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TABLE 3 ~ CONTINUED

Characteristic Number Per Cent
Southwest 1034 T.5
South Central 925 6.7
Central Southeast 771 5.6
Southeast 81k 5.9
Bast Central 90T 6.6
North Central 852 6.2
Northeast 2552 18.6

Addictions

None 11694 85.2
Alcohol ' 1848 13.5
Other Addictions 184 1.3
Not stated 5 0.0



CHAPTER III

PROPOSED METHOD FOR PREDICTING

LENGTH OF HOSPITALIZATION

The mathematical model employed in the present attempt to pre-
dict the length of stay in a mental hospital is one based on Bayes'
Theorem (32). This theorem states that the conditional probability of
an event occurring, given that a set of other events has occurred, can
be expressed as a function of the conditional probability of the second
events given that the first has occurred. In the present application it
is desired to determine the conditional probability, Pyi, of a certain
length of hospitalization, y;, experienced by a patient possessing a set
of characteristics x, as a function of the conditiohél probabilities of
“the characteristics, given the length of hospitalization categories.

The probability of y;, Pyi’ is the probability of a categorized
length of hospitalization, say less than 30 days, among the 13,731 study
patients. It is estimated by dividing thé number of patients, N&i’ who
remain in the hospital the specified length of time, ¥is by 13,T31.

The conditional probability of a set of characteristics, x,
occurring in a patient whose length of hospitalization is ¥y is given
by Equation 1

Byl y, T = (1)

N&i

19
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where nyi is the number‘of petients whose length of hospitalization is
y; and who also have the set of characteristics x, and N&i is the total
number of patients whose length of hospitalization is ¥i. If the numer-
ator and denominator of the right hand term of Equation 1 are divided by
the total number of patients, denoted by N ,.(k is the total

» Yi> Y20 coe5 ¥y
number of length of hospitalization categories) Equation 2 results.

P

- “xyi
Fx 1y P (2)
i

Similarly, the probability of length of hospitalization ¥
occurring in the presence of the set of characteristics x may be written

as in Equation 3

P = Vi (3)

where PX is the probability of the set of characteristics x occurring in
any patient. If the length of hospitelization categories are considered
mutually exclusive, the probability of the set of characteristics x may

be written as in Equation 4.

P = % PP (+)
X Al i i "x | ¥y

From Equations 2, 3, and 4, the probability of length of hospi-

talization, y;, given the set of characteristics, x, may be expressed as

. Py By
v X > 1 o (5)
| A1 Ji XY

Equation 5 is an expression of Bayes' rule for the probability
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of causes.

If the individual characteristics which make up the set x are
independent, the conditional probability of x given ¥y is the product of
the probabilities of the individual characteristics making up the set.
That is,

P =P P ... P . 6
xlyy Xty X ¥y Xy | V3 (6)

Using Equation 6, Equation 5 may be rewritten in an expanded

form as

By )Py 1 v Paopyi ... Bxul v1)
_ yl Xll yl x2ly1 LI }c]n' yl B i:l,...ko (T)

P
yll Xl Xg,...xm i
ifl (Pyi) (P vi Txpl¥i vt P Yi)

With the use of Equation 7 it is possible to calculate the prob-
ability that a patient'will remain in a mental hospital a specified
length of time, say less than 30 days, given that he has a certain set
of characteristics such as male, less than 25 years old, single, white,
ete.

There are three assumptions basic to Bayes' Theorem. First,it
is necessary that the patient characteristics used in the analysis be in-
dependent. Second, it is necessary that one.know the true probability
of each ys in the population under study and the conditional probability
of each characteristic in each of the length of hospitalization categories.
Third, it 1s necessary that the length of hospitalization categories be
mutually exclusive. The latter requirement is met since a patient who is
released from the hospital within, say thirty days, éannot have remained

in the hospital longer than thirty days. However, in the present study
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the true probabilities are not known. Instead, proportions based on the
éample of 13,731 patients are used as estimates of the true probabilities.
The use of estimates, rather than the true probabilities, has not been
investigated from a theoretical point of view. On the other hand, other
research has demonstrated the utility of Bayes' Theorem.

The studies referred to below indicate that Bayes' Theorem has
been used with considerable success in diagnosing physical conditions
when the probabilities associated with the symptoms and signs of these
conditions are estimated. The present study investigates its usefulness
in a somewhat different area. However, the concepts aré the same; length
of hospitalization plays the role of the disease, and patient character-
istics are used instead of signs and symptoms. As will be demonstrated
in Chapter V, the charécteristics used in the present study are not inde-
pendent. It was felt that it would be worthwhile to investigate the use-
fulness of the model in predicting length of hospitalization category,
even though this basic assumption was not met. To continue seemed espe-
cially warranted since other users of the method have met with consider-
able.success while expressing reservations as to whethér their data ful-
filled the assumption of independence.

Warner et al (33, 3%, 35) have used Bayes' Theorem in the diag-
nosis of congenital heart disease with the aid of an electronic cqmputer.
They used a total of fifty-three symptoms in computing the probabilities
associated with each of thirty-five diagnoses. The authors report that
their experience with coﬁ§énital heart diseases indicates that these
diseases can be &iagnosed with an accuracy equal to that of an experi-

enced specialist in the field. Initially, in their paper the accuracy
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of the physician was compared with that obtained by the use of Bayes'
Theorem in diagnosing congenital heart disease in 43 patients. Later an
additional 40 patients were added to the sample, and iﬁprovements were
made in the statistical information in the data matrix used for comput-
ing the probabilities. The authors report a significant improvement in
diagnostic accuracy using Bayes' formula with the improved data matrix.
Wafner, et'al, (33) point out that at the time of their study they were
unable to evaluate their data matrix for independence of symptoms, be-
cause much of the data were gathered from the literature. The authors
anticipate the possibility of analyzing each symptom for independence as
they accumulate additional data from their own experience.

Nugent, Warner, Dunn, end Tyler (36) have used Bayes' Theorem
in the diagnosis of Cushing's syndrome. The probability of Cushing's
syndrome was computed in 111 patients in whom this diagnosis was sus-
pected. It was later established that thirty-eight of these patients
did in fact have Cushing's syndrome and seventy-three did not. Of the
thirty-eight patients in whom the diagnosis was confirmed, the use of
Bayes' Theorem led to a "very likely" diagnosis (p 2 .99) in nine cases,
a "likely" diagnosis (.99 > p = .9) in eight cases and an "unlikely" or
"uncertain" diagnosis (.01 < p < .9) in twenty-one cases. In none of the
thirty-eight cases was a probability of .0l or less obtained. Taking the
T3 patients who were found to be free of Cushing's syndrome, the use of
Bayes' Theorem ied to a "very unlikely" diagnosis (p = .01) in forty-five
cases, an "unlikely" diagnosis (.0l < p < .1) in fourteen cases, and an
"uncertain" or "likely" diagnosis (.1 = p < .9) in fourteen cases. For

none of the T3 patients was a probability of .99 or more calculated.
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Combining the nine confirmed cases receiving a probability of .99 or moré
by the formula, and the forty-five syndrome-free cases recelving a prob-
ability of .0l or less, the authors concludé that in fifty-four of the
111 cases no diagnostic errors were made. A total of eleven signs were
used in caléulating the probgbility of Cushing's syndrome.

ﬁinaldo, Scheinok, and Rupe (37) used Bayes' Theorem for diag-
nosing six gastrointéstihal diseases with the aid of eight symptoms. Thé
compﬁter correctly diagnosed T3 per cent of hiatus hernia cases, 69 per
cent of duodenal ulcer cases; 27 per cent of gastric ulcer cases, 75 per
cent of gallstone casés, 38 per cent of fﬁnctional cases, and 33 per cent
of gastric carcinomas.

Mount and Evans (38) have reported results from a computer simu-
lation for the Bayes process of computer diagnosis. By use of a computer
they generated complete probabilistic descriptions of a disease-symptom
universe conforming to the hypotheses of statistical independence of
symptoms occurring in a given disease and mutual exclusiveness of the
diseases. Their next step was to generate a group of "people" randomly
according to this real distribution. Each "person' was represented by
a disease code and a series of 1l's and O's representing the presence or
absence of the symptoms. The authors then attempted to simulate the pro-
cess which a physician faces in using Bayes' formula. The "people" which
they ﬁad generated were used to construct a conditional probability array
and an initial distribution of probabilities. Following this, another
group of "people" were generated in the same manner as the first. For
each "person” generated in this last step, a mathematical diagnosis was

derived using Bayes' formula. The incidence of the diseases and symptoms
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obtained from the first group of “"people" generated, served as the input
for the formula. The disease with the maximum probability by Bayes'
formula was the one selected as the diagnosis for each "person". The
mathematically most prdbable.diagnosis was computed sequentially for each
"person" using new symptoms one at a time. After each new symptom was
considered, the number of successes, out of the totgl diagnoses made, was
used to measure the per cent of correct diagnoses. The authors found
that increasing the sample size of "people" from which the disease-symptom
frequency array was constructed, in general, increased the accuracy of
the prediction using Bayes' formula. This seems to be a reasonable re-
sulﬁ since, as the sample size increases, the proportions used as esti-
mates of the true probabilities become more stable. They also found that
there was a steady improvement in the percentage of correct diagnoses as

the number of statistically independent symptoms was increased.



CHAPTER IV

THE STUDY OF SOME INTERRELATIONSHIPS AMONG

SELECTED CHARACTERISTICS

In order to gain some insight into the interrelationships among
the characteristics selected for study. a number of statistical analyses
were undertaken. To ascertain to what extent the various characteristics
were associated with length of hospitalization, chi~square values were
computed to teét the null hypothesis of no assoéiation between length of
hospitalization and each characteristic. This was done for three sets of
length of hbspitalization categories, less than thirty days and thirfy
days or more; less than ninety days and 90 days or more; and less than
30 days, 30 through 59 days, 60 through 89 days, and 90 days or more.

The calculated chi-square values for each characteristic for each set of
length of hospitalization categories are displayed in Table L.

The association of certain characteristics with length of hospi-
talization, at different "levels" of some of the other characteristics,
was investigated. A further breakdown, in some instances by sex and in
other instances by race, was also made. The chi-square test for associa-
tion with length of hospitalization was applied tb the resulting contin-
gency tables. The results of this analysis are given in Tables 8 through

26.
In addition to making the overall chi-square test, a method due

' 26



CALCULATED CHI-SQUARE VALUES FOR SELECTED CHARACTERISTICS
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TABLE L

FOR EACH SET OF LENGTH OF HOSPITALIZATION CATEGORY

Length of Hospitalization Categories (In days)

< 30 <90 < 30, 30-59,
30 or more 90 or more 60-89, 90 or
Characteristic more
a.f. %2 a.f. 2 a.f. e
Hospital to which
admitted 3 77.33 3 135.80 9 248.25
Number of previous ‘
admissions T 158.60 T 386.70 21 428.79
Sex 1 281.68 1 172.39 3 352.98
Race 2 7.23 2 21.83 6 62.37
Occupation 3 11.76 3 24.50 9 55.95
Diagnosis L 756.15 L 1257.k2 12 154k .9k
Marital Status L 38.09 4 200.38 12 243,11
Age 3 137.45 3 75.95 9 159.47
Criminal Charges 1 628.08 1 416.30 3 738.07
Religion 3 L1.68 3 3.9T# 9 53.75
Type of
Commitment 2 562.61 2 451.51 6 T18.57
Fducation L 27.11 4 52.58 12 71.29
Region of state
from which - .
admitted 9 125.28 9 150.04 o7 249 .65
Addictions 2 158.92 2 385.92 6 433.81

4ot significant at .05 level.
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to Cochran (39, 40, 41, 42) was used for testing for linear trend in the
contingency tables. Cochran's method is applicable to 2 X ¢ tables where
the columns fall in a natural order. Scores, z;, are assigned to the
columns, in an effort to convert them to values on a continuous sgale.

The regression coefficient, b, of the estimate of the column probability

ﬁi on z; is a weighted regression given by Equation 8.

A
N

n;, (Py - By) (25 - %) (8)

n, (z; - %)°

Heog | Heda

A .
vhere p = 2 ni,/ 2 n, 3 Zy = 2 n; 24 / Z n; , the weighted mean
i i ' i ' i

: ' : a 2
of z;; and ﬁi is given weight n; / » (1L - p). The notation is that of
Steel and Torrie (41). The x2 for regression with one degree of free-

dom is given by Equation 9.

2 [z ny, (85 - 2) (24 - 2) ]2
= 1 : .
ey N ~ - (9)
p(1-p) Zn; (z; -2)
1

In Table 5 are shown all male patients with college training
and advanqed degrees broken down by age group and length of hospitaliza-
tion. Cochran presents a computing formula for x?l) which, in the nota-

tion of Steel and Torrie, is given in Equation 10.

2
2 [Z Byp 2y - B p (Zmy zy/n ) ]

2 L e (10)
(1) [? n; . zia - (f n; zi)a/n_‘] (7)(1-P)

Using Eqﬁation 10 and the data of Table 5, the following chi-

square value for the regression of ﬁi on z; was calculated:



TABLE 5

AGE AND LENGTH OF HOSPITALIZATION, MALE
PATTENTS WITH COLLEGE TRAINING AND
ADVANCED DEGREES '

Length of Hospitali- Age Group (In Years)
zation (In Days) <25 | 25-4% | L5-64 |65 and Over Total
Score z4
1 2 3 )
<30 ngq 10 77 22 7 116 = n ¢
30 n;p 36 285 155 k1 517 = n 5
Total n; L6 362 177 48 633 = n_
ﬁi .78 .79 .88 .85 §'= 8167
ny, z; b6 T2k | 531 192 Zng  z;=1493




30
2 = [ 36(1) + ...+ k() - (517)(3493/633) 1°

") [ 46(1) + ... + 48(16) - (1493)2/633](.8167)(.1833)
= L.87.
The total x2 can be partitioned as follows:

Source Degrees of freedom lE
Regression of ﬁi on z; 1 4.87
Deviations from Regression 2 2.15
Total A | 3 7.02

It is seen that although the overall xg, with 3 degrees of free-
dom, is not significant at the .05 level, the x2 value due to regression,
based on only one degree of freedom, is significaﬁt at the .05 level.
Partitioning the overall value has increased fhe sensitivity of the tesf
and it is concluded that there is a significant ihcrease in the proporfion
of these patients remaining in the hospital 30 days or longer with in-
creasing age. We may conclude further that the increase is linear rather
than curvilinear since the depar£ure from linear regression is represented
by a chi-square value of only 2.15, based on two degrees of freedom, which.
is not significant. The results of the tests for linear trend are given
in Tables 8 through 26.

In the present study, Cochran's method of testing for linear
.trend is extended in order to test for quadratic trend in contingency
tables. The extension is also applicable to 2 X ¢ tables where the
columns fall in a natural order. Scores, z;, are assigned to the columns
as they were in the linear case. In order to test for quadratic trend

four columns are needed.

For estimates of the two partial regression coefficients,
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designated by a and b, the normal equations are given in Equations 11 and

12.
afng | (z3 - 2,02 +bin, (2, - 7,) (2" - z;é)
-y (2 - %) (B - ) (11)
ony (o -7 (o2~ 2Dy e (2 BP
=y (2% - 22) (8 - D) (12)

In Equationé 11 and 12, p and E; are the same as in Equation 8

zia / Z n; . The weights, n; , are the column totals.
; i .

and ;;5 = ; ny .

i
The equations are analogous to those for the multiple regression case
~with the 25 playing the role of the first independent variable and the
Zi2 taking the place of the second dependent variable.

For the quadratic case, estimates of the two partial regression

coefficients, designated by a and b, are computed by Equation 13 and 1k.
2)]

[Zni. (Zi - E%)(ﬁi - 5)] [Zni. (zi2 -z

R A S T I

[Zni. (Zi ~ EW)E] [Zni. (Zi2 _ —Z;E)Q] - [Zni.(zi"zw)(ziz _ 'Z?)]g
(ny, (25 = 2020 [3ny (25" - 2,%) (8; - B)]
b= — [7ny, (21 - %)z," - 2,%)] [y (ay - %) (8; - B)] (%)

[2ny, (25 - 2,)%] [2ny, (Zi2 - 2,21 - [y (23-2,)(o5 - Zw2)12
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Chi-square for quadratic regression, with two degrees of free-

dom, is given by Equation 15.

~ —

2 - - N - 2 2
X(2) = [e 2 n, (zi Zw)(Pi p) +b 2 n; (24 z ) (15)
z z -z
(8, -») 1/ () (2-3)
Tgble 6 shows the breakdown of all patients having three previous

admissions by length of hospitalization and age group. Using Equation 15

2 value due to quadratic regression may be

and the data from Table 6 the ¥
computed. The x2 value for linear regression may be computed also. The

total'xa, with three degrees of freedom, may be partitioned as follows:

Source Degrees of freedom _lf_
Quadratic Regression .2 6.12
Linear Regression - 1 3.58
Quadratic-ILinear ' 1 2.54
Deviations from Regression 1 1.06
Total 3 7.18

Although the total x°

value, with three degrees of freedom, is
not significant at the .05 level, the component attributable to quadratic
regression is significant, while the component attributable to linear
regression is not. It is concluded that there is a significant increase
in the proportion of these patients remaining in the hospital 30 days or
longer as age increases, but that there is a significant decrease for
this group of patients who are 65 years old or older. The results for
additional tests for quadratic trend are given in Tables 8 through 6.

A further extension of Cochran's method of testing for trend in

contingency tables was made to include the case of multiple regression



33

TABLE 6

AGE AND LENGTH OF HOSPITALIZATION, ALL PATTENTS
HAVING THREE PREVIOUS ADMISSIONS

Age Group (In Years) ‘
Length of - =
Hospitalization - <25 | 25-44 I 45 6hsc%r252?nd Over| Total
(In Days) i
. T 2 3 4

< 30 ny; 6 35 1k 6 6L =n 5

30* D, L1 371 304 TO 786 = n ,

Total n, L7 106 318 76 84T = n

B, 81 91 .96 92 |p= 9280

n; 2z, b7 812 95k 30k In, z; = 2117




3k

with three variables.

Let x4 indicate the ith score assigned to one of the independent
variables, yj the jth score assiéned to the other independent vériable,
1 j the total number of patients in the ijth cell;.ﬁij theAproportion of
the nij patients staying in the hoépital 30 days or more, 5 the proportion
of all study patients staying in the hospital 30 days or more, E% the
weighted mean x score and 5& the weighted mean y score. The partial re-

gression coefficients b, and b, are obtained by solving Equations 16 and

1 2
17.
ble2+b22xy=ijp (16)
bley+'b22y2'=Zyp (17)
where %% =3 1y 5 (x; - E&)g
ZXxy=2 nij (xi - %)(YJ = .;W)
. N
Zaxp=Zngy (x5 - %085 - )
2 -2
- A
and Z2yp= 2 n.. (Y- - V. )(§~~ - P) .
1d J w 1]

Table T shows the study patients broken down by number of pre-
vious admissions by age group and length of hospitalization category.
The ﬁij's are shown in parentheses. Table T contains all the informa-
tion necessary for obtaining the normal equations.

Using'the data from Table T the following quantities are com-

puted.
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TABLE T

STUDY PATIENTS CATEGORIZED BY NUMBER OF FREVIOUS
ADMISSIONS, AGE GROUP, AND LENGTH
OF HOSPITALIZATION

Number of Previous Admissions
Age X, Length of ys: Scores
(In + Hospitali- J
Years) Scores zation (In - Lor
Days ) 0 1 2 3 More | Total
< 30 917 411 136 43 33 1538
< 25 1 30+ 256 91 17 6 1 371
Total 1173 502 153 e 34 1909
(.782) (.819)| (.889)] (.872) | (.971)
< 30 1855 1746 843 371 250 5065
254 2 30+ 373 280 83 35 b1 - 812
Total 2228 2026 926 406 21 5877
(.833)] (.862) (.910){ (.91k) { (.859)
< 30 1308 1301 683 304 212 3808
k5-64 3 30+ 189 105 39 14 25 372
Total 1ho7 1406 122 318 237 4180
(.874)| (.925)1 (.9u6){ (.956) { (.895)
< 30 57 L2 160 70 62 1491
65 and I 30+ 151 34 121 6 3 206
Over Total 908 476 172 76 65 1697
(.834)1(.929)1 (.930)1 (.921) | (.954)
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§=u%8+“.+m%y35@=.w1
x, = [(1909)(1) + ... + (1697)(¥)] / 13,663 = 2.415
¥, = [(5806)(0) + ... + (627)(%)] / 13,663 = .981
% xp = (1173)(-1.415)(-.089) + ... + (65)(1.585)(.083) = 316.763
% yp = (1173)(-.981)(-.089) + ... + (65)(3.019)(.083) = L51.04k
2 xy = (1173)(-.981)(-1.15) + ... + (65)(3.019)(1.585) = 724.973
5 x2 = (1173)(-1.145)% + ... + (65)(1.585)2 = 8,320.057
% y2 = (1173)(.981)2 + ... + (65)(3.019)% = 16,805.128.
The normal equations are then '

8,320.057 by + T24.973 by = 316.763

724.973 by + 16,805.128 b, ='h51.ohh,

the solution of which gives by = .036 and b, = .025.

The x2 attributable to multiple regression (with two degrees of
freédom) is given by Equation 18.

A

X(z) = (b1 Zxp + Dy Zyp) /() (1 - ) (18)
Substituting the above values into Equation 18 gives x?z) = 202.5.

The total chi-square value may be subdivided as follows:

Source a.f. X8
Multiple Regression 2 202.5
Deviations from Regression | 10 669 .4
Total 12 871.9

It is seen that, although a significant component of the total
chi-square value is accounted for by multiple regression, the deviations

from regression component is also highly significant.
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A similer analysis was made in which the independent variables

were number of previous admissions and education. The results were as

follows:

Source d.f. x2
Multiple Regression 2 ' 124k .6
Deviations from Regression _ 10 k2.0
Total - 12 266.6

The results of applying the analysis to education by age by

length of hospitalization were as follows:

Multiple Regression | 2 196.1
Deviations from Regression 7 1089.9
Total . 9 1286.0

2 value was accounted

Again a significant component of the total x
for by multiple regression, but the deviations from regression is also

significant.



CHAPTER V

RESULTS

Results of Chi-Square Analysis

Tables 8 through 10 summarize the results of testing for linear
and quadratic trend in contingency tables using the methods discussed in
the previous chapter. The total chi-square value is listed in the right
hand column of the tables. The first two coluﬁns'contain the chi-square
values due to quadratic and linear regression, and the quadratic compon-
ent minus the linear component and the deviations from regression com-
ponent are given in the third and fourth columns. Chi-square values
significant at the .05 level are indicated by an asterisk.

The comparisons reported in these tables are not all independent.
However, since the nature of the interrelationships of the variables
studied is of interest it was felt that the analysis as presented here
would be more helpful than misleading.

Table 4 shows that all chi-square values are highly significant
except for religion versus length of hospitalization in the less than 90
days and 90 days or over group. Tables 8 through 26 reveal that there
is a great deal of interdependence among the characteristics. The tests
for trends indicate that in many cases the apparent association between
a characteristic and length of hospitalization is due to either a linear

or quadratic trend in the proportions of patients falling in & particular

38
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TABLE 8

CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-4k4, 45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS
AND OVER) AND DIAGNOSIS#

Quadratic- Deviations from
Quadratic Linear Linear Regression Total

A. Acute or Chronic Brain Syndrome

Male .57 .22 .35 3.60 L.17

Female .k .do Lt 3.11 3.25
B. Psychotic Disorder (Excluding Schizophrenia)

Male 13.08% 8.22% L . 86% R} 13.48%

Female 9.20% 341 5.79% .02 9.22%
C. DPsychoneurotic Disorder, etc.

Male 36.92% 24 ,65%  12.27% 8.02% Ll .9k

Female 2.82 .88 1.94 .5k 3.36
D. Mental Deficiency -

Male 1.59 .50 1.00 .72 2.31

Pemale 2.48 2.44 .04 .02 2.50
E. Schizophrenia

Male 21.52% 21.37*% .15 2.00 23.52%

Female 5.36 4 ,9lx* L2 Ol 5.40

#In Tables 8 through 1%, the number of degrees of freedom in-
volved are as follows: quadratic, 2; linear, 1l; quadratic-linear, 1;
deviations from regression, l; total, 3.

¥Indicates significance at the .05 level.
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TABLE 9

CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-44, L45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS AND

OVER) AND MARITAL STATUS

Quadratic- Deviations from

Quadratic  Linear Linear Regression Total
Single
Male L5k 2.40 2.1h .52 5.06
Female 52.65% 46.10% 6.55% Ol 52.69%
Married
Male 81.84* 60.50%  21.34% 9.20% 91.0k*
Female 24, 83% 75 24, 08% . 1.82 — 26.65%
Divorced and Separated
Male L1 .66% 36.20% 5.37% A2 43,78
Female 28.95% 11.68%  17.27% 7.89% 36.84*
Widowed
Male 27 .13 b 1.64 1.91
Female 10.ho* 3.99% 6.41% 3.22 13.62%
Unknown '
Male 2.14 1.87 27 .02 2.16
Female 3.03 40 2.63 A2 3.15
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TABLE 10

CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-44, 45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS AND

OVER) AND NUMBER OF PREVIOUS

ADMISSIONS
Quadratic- Deviations from
Quadratic Linear Iinear Regression Total

None

Male 28.37*% 22.95% 5.ho% 3.31 31.68%
" Female 10. 4l .00 10.hh* 62 11.06%

One '

Male L7 .89% 47 .56% .33 5.07% 52.96%

Female 12.81% 6.20% 6.61% .83 13.64%

o ) .

Male 8.17*% 8.11% .06 3.17 11.34%

Female 1.77 L1 1.66 .3k 2.11

Three ‘ '

Male 2.76 2.55 .21 O7 3.73

Female 3.67 1.20 2.47 27 3.94

Four or More

Male 4.86 2.26 2.60 1.07 5.93

Female 1.77 .01 1.76 .25 2.02
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TABLE 11

CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-4k, L45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS AND

OVER) AND OCCUPATION

Quadratic- Deviations from
Quadratic  Linear Linear Regression Total
A. Professional
Male 8.13% 6.01% 2.12 .0l 8.1h*
Female 3.06 . .00 3.06 .93 3.99
B. Clericsl, etc.
Male 61.68 30.91 30.77 .88 62.56
Female 11.49 5.24 6.25 2.53 1k.02
C. Miscellaneous
Male 42,.55% 42, 5h4% L01% 9.24 51.79%
Female 22.57% CLTE* 21.81% bl 27.01%
D. Unemployed
Male 2.15 2,14 .01 L2 2.57
Female 5.52 A5 5.07% 3.26 8.78
TARLE 12
CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-4k, L45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS AND
OVER) AND CRIMINAL CHARGES
Quadratic~ Deviations from
Quadratic Linear Linear Regression Total
A, Without Criminal Charges
Male 23.86% 22.58% 1.28 4. Th* 38.60%
Female 34.91% 2.01 32.90% 2.18 37.09%
B. With Criminal Charges
Male 16.69% 16.68% .01 1.81 18.50%
Female 1.21 1.13 .08 .31 1.52
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TABLE 13

CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-4h, 45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS AND
OVER) AND EDUCATION

Quadratic~ Deviations from
Quadratic ILinear Linear Regression Total
A. XNo BEducation
Male 2.22 .35 1.87 .00 2.22
Female A7 .16 .01 .59 .76
B. Elementary School
Male 22.40% 18.79% 3.61 9.35% 31.75%
Female 20.90% 17 20.73% 1.51 22.41%
C. High School
Male 52.30% 51.92% .38 2.31 54 .61%
Female 25.23% 5.51% 19.72% .48 25, 71%
D. College Training and Advanced Degrees
Male k.90 L.87% .03 2.12 7.02
Female 1.05 .00 1.05 .02 1.07
TABLE 14
CHI-SQUARE ANALYSIS, MALE AND FEMALE PATIENTS, AGE IN YEARS
(<25, 25-44, L45-64, 65 AND OVER) BY LENGTH OF
HOSPITALIZATION (<30 DAYS, 30 DAYS AND
OVER) AND ADDICTIONS
Quadratic- Deviations from
Quadratic Linear Linear Regression Total
A. No Addictioms
Male 83.63% 62.17% 21.46* 11.31% 9L .9l
Female 31.72% 2.03 29 .60% 3.56 35.28%
B. Alcohol
Male 18.87* 18.87*% .00 .07 18.94*
Female 4.36 .76 3.60 1.47 5.83
C. Other Addictions : :
Male 8.81% 6.23% 2.58 2.98 11.79%
Female .18 h.11* 1.83 6.12

h.29
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TABLE 15
CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY

LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)
AND SEX#

Quadratic- Deviationé from

Quadratic Linear Lineaxr Regression Total
A, Males
White 36.00% 30.00% 6.00% 13.53% 49 .53%
Negro 5.93 .99 4.9&* .00 5.93
B. Females
White 6.77T* 3.52 3.25 1.24 8.01
Negro 1.45 . L1 N} .59 2.0k

#In Tables 15 through 26, the numbers of degrees of freedom in-
volved are as follows: quadratic, 2; linear, 1; quadratic-linear, 1;
deviations from regression, 2; total, L.

##Chi-Square values for these categories not calculated because
of the small number of patients falling into most of the cells.

TABLE 16
CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY

LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)
AND OCCUPATION

Quedratic- Deviations from

Quadratic Linear Linear Regression Total

A. DProfessional

White 2.88 1.1k 1.7k 5.45 8.33

Negro FHt
B. Clerical, etc.

White T.61% 3.60 L.o1* 1.33 8.9k4

Negro 1.54 .19 .35 .00 1.54
C. Miscellaneous

White .95 .1k 81 5.30 6.25

Negro 2.12 1.71 Ja 81 2.93

D. Unemployed v
White 5.45 A7 5.28% T.T3% 13.18%
Negro 2.38 .28 .10 1.37 3.75
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TABLE 17

CHI-SQUARE ANATLYSIS, WHITE AND NEGRO PATTENTS, EDUCATION BY
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)
AND DIAGNOSIS

Quadratic- Deviations from

Quadratic Linear Linear Regression Total

A. Acute or Chronic Brain Syndrome :

White 1.83 .88 .95 3.35 5.18

Negro 2.’#& 2.11 .33 3.45 5.89
B. Psychoneurotic, etc.

White 3.44 .72 2.72 .63 4.o7

Negro 1.54% .9 .25 .01 1.55
C. Schizophrenia

White .55 .21 .3k .06 .61

Negro .5k .50 Ol 1.38 1.92

TABLE 18
CHI~SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY -
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)
' AND MARTTAL STATUS
Quadratic- Deviations from

: Quadratic  Linear Linear Regression Total
A. Single _

White 10.63*% 6.21% 4. hox 2.79 13.42%

Negro 3.31 .01 3.30 0l - 3.32
B. Married -

White .36 .29 .07 11.10% 11.46%

Negro 3.87 1.97 1.90 .00 3.87
C. Divorced and Separated

White 4,03 .55 3.48 24 L.27

Negro 2.61 1.k2 1.19 94 3.55
D. Widowed

White 3.87 1.66 2.21 .08 3.95

Negro
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TABLE 19
CHI~SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, EDUCATION BY

LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)
AND AGE (IN YEARS)

Quadratic- Deviations from

Quadratic Linear Linear Regression Total

A, <25

White 11.22% 3.43 7.79% 87 12.00%

Negro
B. 25-4L4

White 1.38 .63 .75 .03 1.

Negro RTe) 45 Ok .78 1.27
C. u5-64

White 1.34 42 .92 .36 1.70

Negro .63 .29 .34 96 1.59
D. 65 and Older

White .68 .39 29 .03 .TL

Negro FHE

TABLE 20
CHI~SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, - EDUCATION BY
LENGTH OF HOSPITALIZATION (<30 DAYS, 30 DAYS OR MORE)
AND ADDICTIONS
Quadratic~- Deviations from
Quadratic Linear Linear Regression . Total

A. No Addictions

White T.1h%* .35 6.79% 11.25% . 18.38%

Negro 2.15 1.91 2 .92 3.07
B. Alcohol

White 2.35 2.30 .05 .22 2.57

Negro 1.10 RN .63 .00 1.10
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TABLE 21
CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENDS, NUMBER OF

PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATTON
(<30 DAYS, 30 DAYS OR MORE) AND SEX

Quadratic- Deviations from

. Quadratic Linear Linear - Regression Total
A. Males .

White 58.88% 36.79% 22.09% 3.02 61.90%

Negro 3.4k 2.91 .53 2.02 5.46
B. Females

White 68.63% b7 7% 21.16% .95 69 .58%

Negro .96 Ok .92 4.67 5.63

TABLE 22
CHI-SQUARE ANALYSIS, WHITE AND NHGRO PATIENTS, NUMBER OF
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION
(<30 DAYS, 30 DAYS OR MORE) AND OCCUPATION
: Quadratic- Deviations from
Quadratic  Linear Linear Regression Total

A. Professional

White 17.84% 17.56% .28 .33 18.17%

Negro FH
B. Clerical, etc. '

White 31.87% 17.75%  14.12% .30 32.17¥

Negro .36 .32 Ol AT 3.83
C. Miscellaneous

White 102.49% 73.89%  28.60% 3.49 105.98%

Negro 2.22 A1 2.11 8.05 10.27
D, Unemployed :

White 6.90% 3.98% 2.92 1.16 8.06

Negro 7.37% 6. ho% .95 Ll 7.81
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TABLE 23
| CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, NUMBER OF

PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION
(<30 DAYS, 30 DAYS OR MORE) AND DIAGNOSIS

Quadratic- Deviations from

Quadratic Linear Linear Regression Total

A. Acute or Chronic Brain Syndrome

White 9.22% T.40% 1.82 2.29 11.51%

Negro 2.31 147 8L 1.hk 3.75
B. Psychotic Disorder (Excluding Schizophrenia) ‘

White 2.17 1.79 .38 2.19 4.36

Negro 9.82% 8.19% 1.63 .83 ~ 10.65%
C. DPsychoneurotic, etc. ..

White 11.88% 6.71% 5.17% A7 12.35%

Negro T
D. Mental Deficiency

White h.oT 3.28 .79 1.72 5.79

Negro #H .
E. Schizophrenia

White 6.79 .08 6.71 - 6.ho% 13.19%

Negro 3.30 .0l 3.29 11.30% 1k .60%

TABLE 24
CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, NUMBER OF
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATTION
(<30 DAYS, 30 DAYS OR MORE) AND MARITAL STATUS
Quadratic- Deviations from
Quadratic  ILinear Linear Regression Total

A. Single

White L7.15% 13.89%  33.26% 2.01 kg .16%

Negro 3.7 3.41 .06 1.97 5.hk
B. Married .

White 104 .28% 89.35% 1h4.93% Sl 10k .72%

Negro 2.7Th .20 2.54 4 .37 7.11
C. Divorced and Separated

White 23.01% 16.82% 6.19% 2.25 25.26%

Negro 3.3k 2.79 .55 51 3.85
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TABLE 25

CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, NUMBER OF
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION
(<30 DAYS, 30 DAYS OR MORE) AND EDUCATION

Quadratic- ' Deviations from

Quadratic Linear Linear Regression Total

A. Ilementary '

White 57.01% 32.35% 2L.66% .32 5T.33%

Negro A1 RITe) .01 1.81 2.22
B. High School : '

White 93.khx* 73.36%  20.08% 1.05 ok . hox

Negro 2.97 2.60 37 2.94 5.91
C. College Training and Advanced Degrees
- White 18.73% 10.98% T.75% 1.61 20.3U%

Negro #H#

TABLE 26
CHI-SQUARE ANALYSIS, WHITE AND NEGRO PATIENTS, NUMBER OF
PREVIOUS ADMISSIONS BY LENGTH OF HOSPITALIZATION
(<30 DAYS, 30 DAYS OR MORE) AND ADDICTIONS
Quadratic~ Deviations from ‘
Quadratic  Linear Linear Regression Total

No Addictions

White 163.19% 11k.19% L9 ,00% .39 163.58%

Negro 555 .00 5.55% 3.95 9.50

Alcohol .

White 2.13 2.08 .05 .68 T.81

5
Negro T.78% 6.29% 1.k9 1.11 8.89
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length of hospitalization category with an increase in the "level" of the

characteristic.

Résults of Applicatiop of Bayes' Theorem

As the previous section indicates there is a marked interdepend-
ence among the variables selected for study. However, only one item of
data, hospital to which admitted, was excluded from analysis at this stage.
As far as the patients of this study are concerned, the hospital to which
admitted is highly dependent on race and the region of the state from
which admitted. The remaining items, sex, race, occupation, disgnosis,
marital stafus, age, criminal charges, religion, type of commitment, edu-
- cation, number of previous admissions, addictions, and region of state
from which admitted were retained for inclusion in the Bayes' formula
despite thelr interdependence.

Equation T was first applied to predict length of hospitaliza-
tion by using less than 30ldays and 30 days or more as the two length of
hospitalization categories, yi. The equation was later applied using
categories of less than 90 days and 90 days or more, less thap 60 days
and 60 days or ﬁore,<and the categories less than 370 days and 370 days
or more. Four catsgories were also used, less fhan 30 days, 30 through
59 days, 60 through 89 days, and 90 days or longer.

The 30 day cutting point was selected in érder to determine how
well the method could discriminate between patients who have a relatively
short stay and those who stay longer. The 370 day cutting point was used
to see how well prediction could be made when both length of stay cate-
gories were relatively long. The other cutting points were choseﬁ arbi-

trarily and serve to indicate the ability of the method to predict
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intermediate lengths of stay.

The probability, PYi’ of each duration of hospitalization cate-
gory was computed by dividing the number of study patients remaining in
the hospital for the length of time specified;by the total number of study
patients. The number of patients in each length of stay category and the
corresponding probabilities are given ih Table 27.

The proportion of patients within each length of hospitalization
category possessing each of the study characteristics was computed. These
proportions constitute the ijl yi; A length of hospitalization-charac-

teristic matrix, displaying the Py- and the P , was constructed for

i
each of the five sets of length of hospitalization categories. The matrix

for the categories < 30 days and 30 days or more is shown in Table 28.
The entries in the table are the ijl Vi and a decimal is understood to
be to the left of each. For example, at the intersection of the column
for the characteristic X10 and the row for length of hospitalization cate-
gory 30 days or more, it is seen that the probability of characteristic
X10 given a length of stay in the hospital of 30 days or more is «.27.

For each of the 13,731 patients in the study, a probability for
each length of stay category was coﬁiuted. This was done with an IBM 1401
computer by determining the patient's characteristics from his record |
which was stored on magnetic tape. The probsbilities associated with
these characteristics were extracted from the length of hospitalization-
characteristic matrix for each length of hospitalization category. These
values were then used in Equation 7 to compute the probability of the

patient's staying in the hospital less than 30 days and the probability

of his staying 30 days or more.
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TABLE 27

NUMBER OF PATTIENTS AND INCIDENCE, Pyi’ FOR EACH
LENGTH OF HOSPITALIZATION CATHGORY

Length of Hospitalization Number of Incidence
Category (In Days) Patients Pyi
< 30 1,773 129
30+ 11,958 871
<90 5,550 . Lok
90+ 8,181 .596
- <370 10,927 796
370+ 2,804 .204
< 30 1,773 -129
30-59 2,021 b7
60~89 1,756 .128
90+ 8,181 .596
< 60 3,79k .276
60 or More 9,937 .T24
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TABLE 28

LENGTH OF HOSPITALIZATION-CHARACTERISTIC MATRIX

Length of Hospitalization and
Incidence, Pyi

X5 Characteristic < 30 days (y7) | 30+ days (yo)
Py, = -129 Pyo = -871
Sex
1{ Male 72 o1
2] TFemale 28 L9 |
Race
3} White 89 87
ki Non-white 11 13
| fAge (In years)
51 <25 21 13
6] 25-64 67 Th
7| 65 and over 12 12
Occupation
8] Professional 08 06
9| Nonprofessional 92 . ok
Marital Status
10| Single 25 27
11} Married LY L2
12} Other 30 31
Diagnosis
13] Acute and Chronic
Brain Syndrome 22 21
14| Psychotic (Excluding
Schizophrenia) 05 12
15| Psychoneurotic Lo 17
16| Mental Deficiency oL 06
17| Schizophrenia 21 43
18| Unknown 06 01
Type of Commitment
191 Voluntary 12 o7
20| Physician's Certificate 63 85
21l Order of Detention 24 08
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TABLE 28 - CONTINUED

Length of Hospitalization and
Incidence, P

yi

X3 Characteristic < 30 days (y1) |30+ days (y2)
Pyl = 129 Pyg = 871
Criminal Charges
22 | Yes 80 95
23| No 20 05
Fucation
24 | None ok 05
25 | Elementary and High School 80 79
26 | College and Advanced 09 09
27 | Unknown oT o7
Religion
28 | Protestant TL 78
29 | Catholic 06 .06
30 | Other 08 06
31 { None 15 10
Previous Admissions
32 | None 55 L1
331 1 29 33
3l 2 08 15
35 3 or more oT 10
Addictions
36 | None 75 8T
37 | Alcohol .23 12
38 | Other 02 o1
Region
39 | Northwest, Morth Central,
Northeast 27 31
40 | West Central, Bast Central,
Central 52 42
41 | Southwest, South Central, :
Central Southeast,
Southeast 22 27




55
Table 29 gives an example of the characteristics possessed by
one of the patients in the study. Also shown in the table are the con-
ditional probabilities associated with these characteristics given the
two length of hospitalization categories.

Using Equation T,

P (Py, NPy yy, P . P )

Vil Xy Xpy ooty = _ 93 XUV1 Xel Vi .o Fpl Yy , i=l,...k (7)
k
z P P P P
1=1 ( ’.Yi)(.xll ¥y Xol ¥y oeee "Xy ’Yi)

and the probabilities of Table 29, Equation 19 yields a probability of

.11 that the patient will remain in the hospital less than 30 days.

P - (.129)(.55)(.72) ... (.T5)
<30 days| Xl;xg"'xm (.129)(.55)(-72) +es C-750+(.87L)(.H1)(.51)...(.87)

= .11 _ (19)

Bquation 20 yields a probability of .89 that the patient will

remain in the hospital 30 days or more.

P - (B7u)(.b1)(.51)...(.87)
30+ days | %y ,%p, « Xy T US55 0078w Uo7 BT FL)( o517 . (-57)

= .89 (20)

On the basis of this information the prediction would be that

the patient would remain in the hospital 30 days or more. The patient was
actually in the hospital 181 days, so that in this case the prediction was
correct.

A procedure like the one outlined above was carried out fqr each
of the 13,731 patients in the study for each group of length of stay cate-
gories. In each case the predicfed length of stay was compared with the

patient's actual length of stay, and a record was kept of the number of
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TABLE 29

EXAMPLE OF PATIENT CHARACTERISTICS AND
ASSOCIATED CONDITIONAL PROBABILITIES

Patient's Characteristics

Conditional Probgbility of the Character-
istic Given Length of Hospitalization

Category
< 30 Days 30 Days or More
1. No previous admissions .55 L1
2. Male T2 .51
3. White .89 87
4. Clerical, etc.
Occupation .92 Kl
5. Acute or Chronic Brain
Syndrome .22 .21
6. Married L A2
7. 65 Years 01d or Over .12 A2
8. No Criminal Charges .80 .95
9. Protestant .71 .78
10. Commitment by Physician's
Certificate or Court
Certification .63 .85
11l. Elementary School
Fducation .80 .79
12. Admitted from West
" Central Region .22 27
13. No Addictions .75 87
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cases which were correctly and incorrectly predicted in each length of

stay category.



“ CHAPTER VI
DISCUSSION AND CONCLUSIONS

The mathematical model employed to predict category of length
of mental hospitalization assumes three conditions. These conditions are
1) that the length of hospitalization categories be independent, 2) that
the characteristics be independent, and 3) that the probabilities used in
the predicting formula be the true probabilities. The first assumption
was met in the present study, but it was found that the characteristics
were not independent. Also, true probabilities were not available, but
estimates baséd on a sample of 13,731 were used.

Despite the lack of independence among the characteristics, the
model wés employed with varying success, depending on the cutting points
employed in making the various length of hospitalization categories.
Table 30 shows the number of correct and incorrect predictions and the
per cent of correct predictions fa each length of stay category. When
the length of hospitalizatiqn categories < 30 days and 30 days or more
were used, 11,854, or 86 per cent of the total cases were correctly pre-
dicted with 27 per cent and 95 per cent being correctly predicted in the
< 30 days group and the 30 days or more grbup respectively.

The overall percentage of correct predictions dropped to 75 when
the less than 60 days, 60 days or more categories were used. The per cent

correctly predicted in the less than 60 days group was 40, while 89 per
58
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TABLE 30

NUMBER OF CORRECT AND INCORRECT PREDICTIONS FOR EACH
LENGTH OF HOSPITALIZATION CATEGORY

. Length of Hospital-~| No. of No. of In- | Total | Per Cent [Overall
ization Category Correct correct Correct Per Cent
(In Days) Predic- | Predic- Predic- [Correct
tions tions tions Predictions
< 30 L6 1,297 1,773 27 86
30 or More 11,378 580 11,958 95
< 60 1,512 2,282 3,79k 40
60 or More 8,841 1,095 9,936% 89 5
<90 2,665 2,885 5,550 48
90 or More 6,734 1,446 8,180% 82 68
< 370 8,172 2,755 10,927 75
370 or More 973 1,831 2,804 35 67
< 30 607 1,165 1,772*% 34
30-59 241 1,780 2,021 14
59-89 0 1,756 1,756 0 61
90 or More 7,584 594 8,178% 93

, ¥These totals do not equal total reported in Table T because of
"No decision" cases in which a patient was not predicted to fall in either
category because of equal probabilities.
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cent were correctly predicted in the 60 days or longer category.

When the caﬁegories of length of stay, < 90 days and 90 days or
longer were used, only 68 per cent of the cases were correctly predicted.
. The per cent of correct predictions dropped to 67 for the less than 370
days and 370 days or more categories.

The poorest overall prediction ability occurred when four cate-
gories of length of stay were used. In this case the overall percentage
correctly predicted was 61. For the less than 30 days group 34 per cent
were correctly predicted and the percentages for 30-59 days, 59-89 days,
and 90 or more days were 14, O, and 93 respectively.

It is seen that the averall per cent of correct predictions de-
crease as the division point between the two length of hospitalization
catego?ies is raised. This may be explained by the fact that the differ-
ence between-the probabilities associated with a given characteristic is
greater in the case of the less than 30 days, 30 days or more categories.
The probabilities assoclated with a given characteristic tend to be closer
together for the other length of hospitalization categories. For example,
the probability of being male, given length of hospitalization category,
less than 30 days, is .72 and for 30 days or more is .51, a difference of
.2l. By comparison, the probability of being male given length of hospi-
talization category less than 90 days and given 90 days or more is .60
and .49 respectively, a difference of .1l. The probability of'béing male
given the category less than 370 days drops to .54, and given the cate-
gory 370 days or more the probability of being male drops to .46. The
difference between the two probabilities in this case is only .08. This

is another way of ssying that the difference between patients remaining
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in the hospital less than 30 days and patients remaining 30 days or more
is greater than the difference between patients remaining in the hospital
less than 90 days and those remaining 90 days or more. Th¢ difference
between patients becomes less pronounced as the cutting point between
categories is raised. In general, too, the probabilities associated with
the length of hospitalization categories are more discrepant for the less
than 30 days, 30 days or more categories than for any other set of cate-
gories used.

Table 30 also reveals that the highest accuracy of prediction
occurs in those cases with the largestlsample sizes. For example, in the
< 30 days, 30 days or more categories prediction was made with 95 per cent
accuracy for the group with the largest number of patients, 11,958. On
the other hand, the group with only 1,773 patients was predicted with an
accuracy of only 27 per cent. This feature holds truc for the other groups
of categories listed in Table 30, and seems to confirm that sample size
plays an important part in the accuracy of prediction. The relationship
being, of course, that as the sample size from which the estimates of the
true probabilities are derived increases, the estimates become more stabie.

The results of the present study may be compared with those of
Lindemann, et al (4) who were able to predict with an overall accuracy
of T7 per cent, Johnston and McNeal (6) who were able to predict accurately
up to T4 per cent of their cases, and Parnell and Skottowe (30) who pre-
dicted short and long stay cases with 69 and 84 per cent accuracy respec-
tively.

It has been demonstrated that demographic data routineiy collected

on a group of patients admitted to the state supported mental hospitals of
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Oklahoma can be used to predict the length of their hospitalizatién.
Although the mathematical model employed assumes that the characteristics
useé for predicting are independent, its use, utilizing non-independent
characteristics, afforded a means of predicting with an accuracy equal
to or better than any method found reported in the literature.

One of the chief advantages of the method used in this study is
that data already being collected and stored on punched cards are used.
No additional effort is necessary on the part of the hospital in order to
procure the information needed for constructing a length of hospitaliza-
tion-characteristic métrix. Also available without extra effort are the
data needed for determining the probsbilities associated with each length
of hospitalization category for individual patients. Most of the other
studies concerned with predicting length of hospitalization have relied
on psychological test scores and other data not usually collected on a
routine basis (3, 6, 26, 30). A method of predicting length of hospitali-
zation that does not require additional work at the data collection'level
should be more attractive to hospital officials and their overworked staffs
than one requiring additional effort in order to obtain the information
required. )

However, if it were suspected that some characteristic, not
currently being collected, would substantially improve the accuracy of
prediction, data on this characteristic could be collected on a sample of
patients and its usefulness in the prediction equation actually tested.
It is conceivable that many items of information now being collected and
considered of dubious value might be eliminated from the data collection

schedule and replaced with an equal number of items which would be of
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‘great value in predicting a patient's length of hospitalization category.

A second advantage of the method described in this study is the
rapidity with whiéh.the results of prediction can be made available to
hospital administrators or mental health directors. This second advan-
tage is a direct result of the first.

Because of the large number of calculations necessary for arriv-
ing at the probabilities associated with each length of hospitalization
category for each patieﬁt, an electronic computer is necesssry for solv-
ing Equation 7. If considerably fewer characteristics, say five or less,
could be found which predicted with the desired accuracy, Equation 7,
could be solved using a desk calculator. This would be practical if, in
addition to using a small number of characteristics, only a few patients
had to be processed each day.

When an electronic computer is used the length of hospitaliza-
tion-characteristic matrix, along with program cards telling the machine
what calculations to perform, can be stored in the machine’s memory unit.
The length of hospitalization-characteristic matrix may be updated from
time to time as more information on patient characteristics is accumulated.
In order to calculate the probabilities associated with each length of
hospitalization category for each patient, a card for each patient can be
fed into the machine. The program can be so adapted that the cards punched
routinely can be used for this purposé. The machine can be instructed to
determine the éharacteristics of each patient from his card, and consult
the matrix stored in mémory to find the conditional probabilities associ-
ated with each one for each length of hospitalization category. The prob-

abilities can then be calculated by the machine and printed out along
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with the name of the pétient. The length of hospitalization category
for each patient, receiving the highest probability will be the pre-
dicted length of hospitalization for that patient.

If the data processing equipment were located at the hospital,
eagh day's admissions could be processed at the end of the day or on the
following day. This would make available at a very early'date the pre-
dicted length of hospitalization for each patient. In most states data
processing equipment, when available, is located in a ceptral office
which serves all hospitals in the system. In these cases the feedback
of information would probebly be a little slower, but a schedule could
be developed whereby the information could be relayed back to the hospi-
tal in ample time for it to serve its purpose in administration and treat-

nment.



CHAPTER VII
SUMMARY

.This study has been concerned with investigating the feasibility
of using routinely collected demographic data for predicting length of
hospitalization of patients admitted to state mental hospitals. The
literature was reviewed, and, although several studies on predicting
length of mental hospitalization were found, most of them made use of
psychological test scores and other data not usually available on a rou-
tine basis.

The study material consisted of 13,731 patients admitted to the
state supported mental hospitals of Oklahoma. The study patients were
described in considerable detail. The interrelationships of the charac-
teristics of the patients and the associations between the characteristics
and length of hospitalization were investigated. The techniques employed
in this phase of the study were chi-square analyses, tests for linear
and quadratic trend in contingency tables and tests for multiple regres-
sion in contingency tables. The test for linear trend is due to Cochran
(39, 40, 41, 42). The tests for quadratic and multiple regression were
developed as logical extensions of Cochran's method. These analyses re=-
vealed that all of the characteristics were associated with length of
hospitalization and that there was a great deal of interdependence among

the characteristics. The tests for trends indicated that in many cases

65
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the apparent association between a characteristic and length of hospitali-
zation was due to a linear or quadratic trend in the proportiohs of pa-
tients falling in a particular length of hospitalization category with
an increase in the "level” of the characteristic.

The characteristics selected for study were tested for inde-~
pendence and found to be, in general, highly dependent on each other.

The mathematical model for the method of prediction selected
for investigation was Bayes' theorem. This technique makes péssible the
calculation of the probability of a patient's remaining in a hospital a
certain length of time given that he possesses certain demographic char-
acteristics. The uses of Bayes' theorem in the computer diagnosis of
physical conditions such as congenital heart disease and Cushing's syn-
drome were reviewed. It was found that the technique has been used with
considerable success in these areas.

When the Bayes'! theorem approach was applied uéing the data of
the present study it was found to be capable of predicting length of
hospitalization with varying degrees of accuracy depending on. the cutting
points employed in making the various length of hospitalization categories.
The method predicted with an overall accuracy of 86 per cent when the
length of hospitalization categories were less than 30 days and 30 days
or more. For the categories less than 60 days and 60 days or more, Pre-
diétion was made with an overall accuracy of T5 per cent. The overall
accuracy figures for the categories less than 90 days and 90 days or more
and less than 370 days and 370 days or more were 68 and 67 per cent re-
spectively. .When four length of hospitalization categories, less than

30 days, 30 through 59, 60 through 89, and 90 days or more, were used the
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method predicted with an overall accuracy of 61 per cent.
It was poinﬁed out that these figures compare favorably with
other prediction studies found in the literature. It was also pointed
- out that the advantages of using the method of this study are the fact
that use is made of data already being collected routinely and the speed
with which the results can be obtained as a result of using data avail-

able at the time of the patient's admission.
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