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Abstract

An attempt was made to construct a model which optimizes the effiracy
of psychiatric treatments in a large mental institution.

Demographic, symptom and initial-diagnpsis information was collected
for 4237 first admission patients in a large Canadian publit.mental
hospital who were admitted and discharged within a three year period,’
hey were divided into groups.baSed on actual treatments
received. Multiplé discriminant analysis was used to determine the sepa-
rability of the groups. Seven significantly separable groups emerged,
eath with successful and unsuccessful subgroups, on a 36 item profile.

Explicit formulations were developed from the profiles of the success-v
ful subgroups in the analysis.\ These discriminant fuhttions represented
optimal treatment formtlations for each of the several therapeutic patterns.
They were develé}ed on two-thirds of the sample, then used on the remaining
one-third in a quasi—experimental "implemehtatioq" of the model to find
out 1f efficacious treatments would be recommended. A patient was rec-
ommended to a given treatmentrpattern if his profile more closely resembled
_ that of petsons improved by that treatment pattern than any of the alter-
native ones. i

. The hypothesis, that when.a patient's recomménded and actual tteatment
patterns coincided he would have a more successful outcome tﬁan when they
did not ceincide, was not upheld. An aﬁaiysis of the possiblé sources of
trror was undertaken, followed by ‘a discussion of the merits of the general
idea of the investigation.

A second set of analyses focussed on the prediction of the successful
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outcome criterion instead of separatign of groups. It was felt that
higher ordar interactions of the profile items might account for more of
the variance than the variables did when alone. Consequently a.series
of multiple regressions were performed which explored the potency of all
~possible first order interactions among the 36 variables. This general
linear model approach isolated the variables and interactions which were
most useful in predicting improvement. A discussion of the possible
moderator effects of the assigned treatments followed.

Tﬁe 28 variables and interactions were then used to repeat the experi-
mentai paradigm (developing treétmént formulations on‘one sample and cross-— -
validating them on another). Two variants of this procedure, divided-

sample and whole-sample, produced results in the direction of the hypothesis.
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"No reason has presented itself to justify receding from
the views presented for several years past, of the unsound-
ness and consequent uselessness of what are called the statis-
tics of insanity. Every year's experience convinces me that
those facts regarding this subject, which are capable of being
authentieally noted, are of too little moment to be worth
recording at all, while those circumstances touching the dura-
tion, form, symptoms and event of cases, which would be truly
important are, from their nature, incapable of being generalized
tabularly into even an approximation to the truth...I still find
insanity rarely produced from a simple cause, but by a combina-
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ice of causes. "
L.V. Bell, Annual Report of the Mclean
Asylum, 1844

"The real problem is not with inability to classify what is
known but rather with the fact that not enough is known."

H, Brill, in Comprehensive Textbook of
Psychiatry, 1967
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.Chapter 1: Introduction and Review
The most basic purpoée of a psychiatric hospital is to assist in
the patient's struggle to alleviate his mental turmoil. It is usually
assumed, rightiy or wrongly, that the patient who is hospitali;ed does
not immediately_have the capacity to help himself, and so procedures

have been developed to give him help from outside himself. Historically,

graduaily deveioped which emphasizes determining the‘identity of the
disorder, that it méy be specificaily and effectively treated. In the
last six or seven decades this approach has come to center on a fairly
well-defined and nearly universal method, fathered by Kraeélin, of
designating the disorder. Once more, the aiﬁ of the dégignation is to
provide a guide for apt‘trea.tment.
Diagnosis

Psychiafric diagnosis is an}important and ubiquitous hospital routine,
althoﬁgh its reliability, validity and even morality have been attacked
by some investigators. Psychiétric diagrosis is an accepted and generally
»supporfed rractice among medical practititioners, social welfare agencies
and court; oleaw, as well as by most other workers in mental health.
Besides for therapeutic assistance, this support comes for administrative
purposes and for dispensing jusﬁice. Even those who ériticize diagnosis
usually agvee with tﬁe principle of glassifying peqple, if not the every-
day practice of diagnosis (e.g; Nathan, 1967). A commonly encountered
opinion is expressed by Plunkett and Gordon (1960), who say the present

methods of psychiatric diagnosi§ are decidedly imperfect, but they are

-
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the result of many years of careful observation and thought and are the
best available approximation to a perfect system, They also maintain
these methods.provide a very practical and useful structure, one that
could be gainfuily used in developing a better one,
| Psychiatric diagnoses, as names for disorders and erroneously as names
for people, may have powerful effects»on alperson's life. 'It‘should not
be forgotten that the strongest implications of the diagnostic epithet
are encountered by the individual to whom it is applied, in terms oquub—
sequen£ treatment and dealings with psychiatrists as well with social
welfare agencies, courts and prospective employers. In this study a model
for guiaing treatment allocation is explofed which is in some: respects a
radical departure from current standard practice.

Iﬁ this model, the recommended prescrippion of thefapy comes through
a multivariate analysis of the characteristics of patients who have been
successfully treated in the hospital. A formulation for optimal treat-

ment is based on the multi-dimensional prefile of a group of patients who

7
(

successful outcome. While it is recognized that the psychiatric treat-

were administered a given pattern of treatment and subsequently had a

Aments'employed in this study are not always extremely or directly curative,
. they typify those presently available and are the ones in widest usage
‘in North America. / |

In this system a patient would be assigned a treétment pattern by
comparing his profiie of characteristics: to each of the standard success-
ful profiles (one for each péttern éf therapy) and recohmending for him
thé pattern which his profile most nearly resembles.

This method is different from established conference methods of diag-




nosis in that it gdds a quantified, computer-oriented dimension. ‘A closer
look at the meaning and purpose of diagnosié is justified in view of
possible questions raised by the model. Of course, in another sense this
system is not really different from the ideals of current practice: 1its
aim, like the clinician's,iis to produce an effective therapeutic pre-
scription.

The Meaning of Diagnosis

The word itseif comes from the Greek, literally meaning "through know-
ledge" (Skinner, 1961).
| The official American Psychiatric Association gloésary of terms does
not include the word, referring only to the Diagnostic and Statistical
Manual (American Psychiatric Association, 1969).

Various other dictionary definitions, including Webster's Third New
International (que, 1969), English and English's (1958) and Drever's
(1964) psychological dictionaries list one or more of the following.elements
of meaning attached to diagnosié:ﬂ (a) the art or act of identifying a /
phenoménon from its signs and symptoms, (b) a technical déscription or
classification of a taxonomic entity by its distinguishing characteristics
‘and (c¢) an analysis of the nature or cause of the phenomenon.

These general technical definitions are not commonly dealt with in
everyday psychiatric practice. .While their implication is there, the'
emphasis is more on ;he practical aspects and the types of diagnosis, a f
discrimination which is referred tovin several other; later works sur&eyed |
(e.g. Kolb,-1968 and Redlich aﬁd Freedman, 1966).

The first type of diagnosisbLevine calls the clinical diagnosis, the

"shorthand formulation of the broad general category in which the patient's




reaction belongs.”

The second is the dynamic diagnosis, which refers to
the 'nderstanding of the forces that are cdrrently operative...in the
difficulty, the environmental pressures and internal pressures." The

third type of diagnosis is the genetic diagnosis, in which ‘'genetic"

refers not to genes, but to the "understanding of the genesis...and

development of those forces."

The three technical definitions and the three practical ones share
certain basic orientations. In both there is a concern with the anteced-
ents of the present conﬂifion and the development of the disease. - By
which historical facts (or, indeed, combinations of tﬁem) are we to know

the mentally 111 person and how he is different from one who is not

P

’mentally 111? Second, there is a shared concern for present classification.

‘Once abnormality'has been decided upon, the question becomes, which species

of abnormality? Finallj, an implication of the definitions' reference to
nature, cause,aﬂé development is that some idea of the future course of
the disorder is implied by a g;;d diagnosié.

Which éf these concerns i§ foremost is hard to say: probablz in

practice each of them has been at one time or another. But the point is

- that, ideally, they -should all be present and work together to synthesize

" a reliable and valid classification scheme.

Although none of the authors reviewed for definitions of diagnosis
recommended the use of multivariate statistics, their conceptions of good
diagnostié formulations could ﬁardly deﬁaﬁd the assistance of'the methods ’
more clearly. Redlich and Fréedman (1966) , for example, say ''the diagnos-

tic process involves stressing relevant data and eliminating irrelevant

information." Levine (1961) specifically supports the inclusion of-

ecological and demographical factors: 'The age of the patient, his level
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of intelligence, his cultural background, his educational background, his
geographical location...all are of importanée." Aldrich (1967)notes
that a satisfactory psychiatric diagnosis usually requires more informnation

than can be obtained just from the direct psychiatric, psychological or

.physical evaluation of the patient. Information about the social, familial,

occupational and educational experiences of the patient'aré also of

-importance.

cult task for the psychiatrist to carry out well for one patient, let alone
a caseload that may extend to the hundreds in a large'state mental hospital.
Nevertheless,.the ideal of looking at the whole casé, stressing the relevant
portiéns at the expense of the irrelevant portions, etc., seems worthwhile.
The memory and computational capacity of the digitéi computer could
be of some assistance iﬁ‘the diagnostic task (Engelsman et al., 1968).
Certain multivariéte methods are perfectly suited to the task of objectively
lookihg at all the information ;vailable and weighting individual parts of
it accordiﬁg to instructions. These same metﬁods can also be of assistance
in developing the instruction;; : ' S
.Iﬁ an article comparing the theoretical potential in this area of the

computer and the elinician, Holtzman (1960) makes a relevant assessment.

He asserts that diagnosis 1s a threefold process: information collection,

processing and interpretation. In Holtzman's estimation the clinician is

*

the better’in the first and thé third of these, and fhe computér is better

in the second. He feels that in the future the computer may supplant the

clinician in the third area, provided we are able to make some headway in

' specifying the rules by which the clinician operates. Bahn (1967), com-




menting in a sympesium on psychiatric epidemiology, adds "multidimen-

sional data, although more complex to handle, are more valid operationally

{than single varfables] and increase the amount of objective information...
" for the crystaliization of syndromes and the eventual development of a(

" valid typology."

The Purpose of Diagnosis

Why are diagnoses made? What purpose is served by assigning a word or
two to a severely troubled per ’
(vide Szasz, 1963 and Rubin, 1965)? Apparently diagnoses are made for a
number of reasons, by no means all of which are diredtly related to the
patient's welfare. Redlich and Freedman (1966) poiht out that diagnoses
seem\to shift according to the purpose for which they are made, and the
situation fn which they are made. Some of the purposéé they mention are
etioclogy, prognosis, tﬁerapy, institutional management and research.

Szasz (1961) rem;rks that ‘diagnoses may also vary according to the amount
of welfare benefits attached tg the particdlar diagnosis, especially in
military.héspitals in the United States.

While, then, diagnosis has several purposes and may vary according to
the situatfon (in addition to its variability due to unreliability), these
purposes‘ére not the central one. At least for the clinician and his pa-
-tient, the main reason for a diagnosis is to indicate the pattern of treat-
ment which fs most likely to result in the patient's imprévement. Aldrich
(1966) and’ others stress‘the close relatibnéhip which should exist betweent
aiagnosis and therapy. Kolb (1968) adds that ﬁa comprehensive psychiatric
diagnosis is analugous to the diagnosis which the internist aims‘to con-
struct in order that his treatment may te rationally directed.” .

The primary task of a mental hospital is the rehabilitation of the




patient; all other professional work is, or should be, peripheral to
rehabilitation and directly aimed at suppofting it through improvement
of its method;, techniques and knowledge. One statement that may be
made with certainty in the mental health field is that knowledge of the
’ cause, nature or cure of most of the maladies is ﬁeagre. Consider that
there is actually no known cure for schizophrenia: it can often be con-
 trolled through phenothiazines, but if the patients stop taking the drugs
the possibility of a rélapse is high.

The’conclusion of Redlich and Freedmén on the purpose of diagnosis:
"Obviously, we diagnose to 5atisfy our need for systématic scientific
- presentation, but, pragmatically, pﬁysicians diagnose to obtain guide-
lines for treatment. Diagnosis is implicitly and explicitly in the service
of therapy.A We agree with Karl Menninger that diagnosis and therapy can-

not be separated from each other."

Criticisms of the Diagnostic System .

That diagnostics, as practiced, is far from ideal is well documented.
There are ﬁany paperé in the literature which begin with a statement of
the vgriability of diagnoses, inter-cultural definitiog;l problems, biur-
ring of gategorical'boundaries, etc; But systematic and specific accounts
of the complain;s against the diagnostic system are not often found. The
following is an attempt to summarize the reported sources of error in
diagnosties.

The most common charge is unreliabiiity. The majority of studies on
diagnosis focus on this problém, and most of them find unreliability. It
is not hecessary to recount the procedures and paradigms of these expe;i—

ments in detail, although it should be noted that some authors in the.




psychiatric journals have occasionally cri?icized them for the artificiality
of the experimental setting. |

In short, unreliability of psychiatric diagnoses may be attributed in
roughly eﬁual parts to variability of the observer, patient and disease
(Nathan, 1967). In any disease, physical or mental, the disease may be more
or less severe. Also, the patient's disease—fightiﬁg resources may be
greater or lesser. The observer's vision may be colored or obscured by his
training, culture, social biases and lack of time to observe as closely as
he wishes.

The’revieﬁ of the literature by Nathan cites studies which find unreli-~
ability due to neéfly every combination of these causeé. The usual paradigm
is to hold two of the élements in control and let the third vary.

Nathan finds three investigations in which experienced observers of
psychopathology differed among themselﬁes in diagnostic formulatioqs based
on the same sets of diagndstic'ﬁues "because of their own idiosyncratic
weighings of these cues." He reports two studies demonstrating that "the
same observer may diagnose the same disease entirely @ifferently on differ-
ent occasions, though presented essentially the same diagnostic data."
Presumably, not onlf do clinicians vary between thémselves on weighting of
data, but they véry individually from one time to another.

Other illustrations of the observer source of variability come from
two studies which found low reliability of diagnoses given the same stimulus-
patient (seen personally in one study and a videotape in the other) by
different observers. In a recent doctoral dissertation (Lee, 1968), observ-
ers were found to exhibif social class biases. A professional actor played

"normal” and was given a script which avéided references to his socio-




economic status. The lower the patient's SES was supposed to be, the more
often he wns diagnosed mentally i1l (rather than normal) and the poorer
prognosis L2 was assigned.

Withvresp;ct to the symptomatology of the patient, Nathan found three
/zexperiments. Two of these attributed low reliability to changing symptom-
atology and one attributed it to changes in the intensity and frequency
of the same symptoms.

y are
self. Partly, of course, this is due to our ignorance concerning the
functional psychoses in general. Example; "'The twenfieth century historian

. does not know whether the term schizophrenia comprises one entity with one
etiology, one entity with several etiologies, a group of similar entities
with the same etiology, or a group of similar entitieé with different
etiologies" (Wender, 1963).

Poor rgliabiiity has been the major complaint, but not the only one.
There has been some discussion“;ecently of the validity of diagnoses. In
this discussion the important question is, of course, validity for what?

Thomas Szasz's approach maintains that diagno;;; are invalid because they
connoge nothing (Szasz, 1961). He says that mental illness, especially
functional disorders, are labelled witn words that "explain everything" and
thereby "explain nothing" - exactly like a classic myth. Szasz believes
that the whole construct of mental illness is merely an escape device: for
the patient it is n.way to assign away his "problemé in living" to a power:
ful, mysterious entity, and fof the doctor it is a way to avoid really
attacking the problem, out of preference fnr concentration on classification

and chemotherapy.

A second approach to the invalidity of diagnoses comes from the defini-




tion. One implication of the threefold aspect of the definition is that

an estimate of the patient's prognosis is included. Nathan, however, notes
a prévalent feeling that current practices in diagnosis are not, in general,
prognostic indications. "Dissatisfaction with current diagnostic procedurés
on grounds of their doubtéul validity ceaters on the inability of such
procedures to permit either prediction of future course of-illness and of
its response to various kinds of treatment or delineation of its etiology."

A third complaint also stems from the definition. As we have seen, a
goéddiagnosis is treatment—indicating.' In practice,,though, they are not.
Pilot studies for the present investigation revealed‘dnly mild relations
betwgen diaghosis and treatment, with wide individual vafiatiﬁn. Pheno-
thiazines, for example, were given tc 97% of the schizophrenics, 84% of
the neurotics, SéZ of the brain damaged and 85% of the affectives and
involutionals. Group tﬁerapy was given to 427 of schizophrenics, 37% of
‘the peurotics, 437% of the'persqnality disordered, 43% of affectives and
involutionals and even 31%Z of fhe brain damaged. - The other treatments were
only slightly more diversified by diagnosis. Cé;tain notions seem to exist
about’the relationship 6f some diagnoses to some treatments and even more
about the relationsliip of a treatment to a symptom (é.g. ECT for‘depression)
but nearly all treatment is modified by ''the individual aspects of the case."

In éffect, diagnosis does not strongly indicate a treatment or treatment

pattern, tut rather seems hardly more important than any other background

fact such ‘as marital status or disordered stream of thought iﬂ making the L
therapeufic decision. |

In a paper which attacks the validity of diagnosis on this basis and
préposes looking most closely at a patient's curfent behaviors from a

leafning theory framework, Kanfer and Saslow (1965) suggest that "an effec~




11

tive diagnostic procedure would be one in which the eventual therapeutic
methods be direcgly related to the information obtained from a continuing
assessment of the patient's current behaviors." They further suggest an
outline for the collection of diagnostic information that attempts '"to
achieve definition of a patient's problem in a manner which suggests
specific treatment operations."

Nathan criticizes Kanfer and Saslow on the ground that such a procedure

Nathan, who "tentatively accepts' the nedical model, feels the idea of
'relatively few categories is bettef than a plethora of quasi-diagnoses.
However, Nathan agrees that the still current Kraepelinian emphasis on
remote etiology and the idea of the disease having a "course" (Kraepelin,
1919) should be rejected in favor of looking at the patient's recent and
current behavior and hié environmental situation. In the end, he accepts
the current diagﬁostic labels even though they are "not particularly
appropriate or useful.” Nathaﬁ}s purpose, however, is nét to create a new
diagnostic scheme but to specify and standardize decision-making procedures’
for arriving at the existing one. His goal is to make possible 'reliable
categ;rization of separate psychiatric disease entities from systematically
collected, reliably codified and consistently evaluated behavior samples."
Szasz (1957)‘notes that diagnoses are made by methods which are dif-
ferent from the purposes for wﬁich they are made. Diagnoses must be
situation-relevant; ﬁhat is, made and énited to the‘situ;tion and purpose }
at hand. The formulations of ﬁost modern diagnoses were conceived in quite

different settings from typical hospital settings today. A possible solu-

tion to this dilemma is an operational, treatment-oriented definition.
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The Purpose of the Investigation

So far, an aetempt has been made to show that, idealiy, diagnoses are
disorder designations which specify effi:ient treatments, and to list
some of the deficiencies of the present system. The purpose of this in-
vestigation is to make a quasi-experimental test of the proposed treat-
ment-allocation model. This model aims at fulfilling the ideals of diag-
nosis’without falling into the snares of the present systemn.

Frpm the definition developed earlier, the re
allocation system are that it be (1) descriptive, (2) classificatory, and
'especially, (3) treatment-indicating. Further, some indication of prognosis
would be valuable.A These requirements will be diseussed as they relate to
the proposed method. |

In some physical diseases, "description" might neerly be reduced to the
fact that a certain virnlent organism had been observed. But in the case
of the unknown and probably manifold causes of mental illness, a descrip—
tionvmust be a hope, in that iﬁ)hopefully includes the caéee of the disease.
The best that can be.done for an eventually true description of a mental
disease syndrome is to begin by including each of the aspects of informa-
tion eoncerning it which might have relevance for the condition. A
description will probably'comprise combinations of certain portions of this
information.

Presumably people so identified will fali naturally into some number
of categories, despite Na;han's fears of one syndrome per patient. This '
aspect, a seemingly successfuiibne in the present study, will be discussed
below.

A good diagnosis indicates a treatment. A corollary of this probably

is that one is sure of the causative ageant as well, so that the treatrent
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may be desigmed if possible to act directly on the agent, or more precisely,
on the reaction to this agent. Nevertheleés, it is assumed in this
iﬁveétigation the causes are not previously known. Consequently, it might
appear premature to propose a treatment-indicating system. The criticism
is probably walid. Howevér, this investigation only seeks to make a true
beginning toward the goal it sets. In this quasi—experimenf, the alloca-
tion model is set up as treatment-indicating a priori, since the model is
constructed from the characteristics of people who received the different
patterné.

The requirement for an indication of prognosis wéﬁld seem to be

satisfied by the further stipulation that the formulations stem from the

successful recipients of a given treatment pattern. Furthermore, the

proposed model ié not fixed,’but the formulations would change with advances
in diagnostic and psychétherapeutic knowledge and feedback from results with
patients who were treatediaccording to its recommendations.
So much for the definitionél ideal sidé of the purpos;fl From the
practical side, the purpose is to increase reliability and validity in treat-
ment allocation. The information used in this formulation is easily objecti-

fiable in£0rmation.- While any human processing of information is bound to

be subject to some alteration, the proposed model uses minimally alterable

"information. Demographic data are among the best of the objectifiable data.

Symptomatclogy is more difficult, but an attempt has been made (below) to
increase the ease of its being rendered reliably. | |

The problem eof wvalidity isiéttacked essentially by making the formula-
tions operational definitions. In the proposed system, the recommended

patterns of treatments are a direct function of the characteristics of




patients. |

One by;product of a system similar to the proposed model is that
the resultant "labels" would be nothing more than the names of the ther-
apies to be édministered. The categories would be treatment group
, categories instead of the'current nosological labels. The stigma of some
of the laﬁels might be removed. Very probably, any one treatment group

would be much more heterogeneous to the casual observer than are the

rurroent Adaonoctirs ornune. Thara mie
current dlagnostic groups. lhere migh

atients of any of the
forme; diagnostic categories in one of the new categories.

Through a system of rationally obtained treatmenf‘recommendations, some
. of the reported lack of preciseness iﬁ administering them might increase
their effectiveness. In a mbnograph on the culture of a state mental hos-
pital, ﬁunham aﬁd Weinberg (1960) point out that "while the hospital whichl
we studied had in operafion most of the accepted therapies, the results
seemed to be meégre and unsatisfactory. This was precisely so because all
therapies were interwoven withythe strands of hoig}tal cﬁlture with the
result that their value was diminished considerably.” Besides being
impersonal and uncounselled, the administration of treatments may some-
times be subject to unproven ;deas of what "kind of patient" should get
which théfapies.

In summary, the purpose is to assess the possibilities of a multivariate
approach to treatment allocation, one which closely iinks relevant ante-
cedent covditions to therapeutic choicav Ideal diagnoses, when the physicél
causative agent and a certain~¢ure are knowm, are of this sort. The goal
is a definitioﬁal ideal which is also patently practical because it is

itself free of abstract or theoretical concepts and is directly tied to the

tasks of the hospital. This investigation recognizes the probable pre-




maturity of such an attempt in this field, but it also realizes that if
the results show promise the method can be Aeveloped and expanded. For
examﬁie, as,new'forms ofrpsychiatric treatment appear it is possible to
assimilate them into this system. The formulations themselves would

change with the intelligent use of feedback information from the subjects

for whom the recommendations were implemented.




Chapter 2: Method
The method used in the first part of tﬁis investigation involves, in
the most basic terms, employing weightedvquantifiable information in a
manner which best discriminates.a number of groups according to a stated
.criterion. Multiple discriminant analysis.is a sophisticated descendant
of the simple weighted scoring key. |

" Previous Use of the Method

In one of the earliest related studies, a life insuragce company used
a ﬁersohal history questionnaire in 1919-1921 to'distinguish successful
salesmen from unsuccessful ones (Russell & Cope, 19255} The investigators
analyzed'questionnaires completed by 500 salesmen. They foun& 12 items
~which, when weighted, strongly distinguished between the successful and
unsuccessful men: Subsequently the comﬁany's training failure rate
decreased from 99% to BCZ.

Because of this initiél success other insurance companies (but
gpparently no one else fo: a wﬂile) compke?ed similar studies (e.g.
Goldsmith, 1922). Later a standardized aptitude index with weighted
. background items was made available to other companies, one which has been
extensivély used and successfully cross-validated since 1938 (Barnette,
1969).

The technique, bolstered by more sophisticated statistical meghods, has
been used with pogitive results in a great variety of settings in recent
years. Some uses have been: to selecf goéd driveré, to prediét achieve~-
ment in'first year graduate scﬁooi in pgychology, to recognize successful

parolees in federal prisons and to identity psychotherapy clients who will

stay the full term of the treatment. Two recent books have dealt entirely
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with the problem of personnel classification using this paradigm (Cronbach

& Glesser, 1965 and Rulon et al., 1967). In an application similar to

the presen: one, Ward and Davis (1965) discuss the possibilities of pro-

graming a compufér to assist in making personnel decisions. They foresee
" the operator instructing the computer in the rules to decide by, observing

the results, and adjusting the decision rules until a desiraﬁle set of

decisions is being produced.

B Typically, some criterion of success in an institution is employed.
For example, W. J. Smith et al. (1961) used a 484 item personal history
questionnaire to inveétigate the résearch ability ofla group of petroleum
scientists. In this case, three criteria of succesé were used, two sets
of supervisorial ratings and the number of patent disclosures. An item
analysis revealed that while the criteria themselves were only moderately
intercorrelated, the concurrent validity of the scoring keys developed
were all quite significant.

Many such studies have beeg done in the ihﬂugtrial area. Using another
cormon criferia, Kirchner and Dunnette (1957) employed a weighted applica-
tion blank to screen office workers for long term vs. short term employment.

Stein (1963), in reviewing the literature in the area of academic
predictlon noticed certain differences in the strategy of investigators who

-used this method. The most obvious of these was the type of information
used to develop the prediction system. His review showed that four classes
of information are commonly used, sqme=mu§h‘more than others: (a) the
.subject's previous achievement in a similar setting (e.g. high school grades
to bredict college success), (b) social background and demographic informa-
) ,' tiop, such as in most of the industrial‘situations‘described above,
(c) psychological information in the form of inventorieé and other psycho-

logical information in the form of inventories and other psychological
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tests, intglligence tests, etc. and (d) "transactional" information, data
which reflects person~environment relationéhips.

A direction in which most recent work has been moving is toward multi-
variate treatment of the weighted scoring key. In the early industrial
studies, of course, such an approach was nearly impossible because of the
size and number of the calculations involved. It should be noted that it
was not difficult because the idea of multivariate statistics was lacking:
multiple regression analysis goes back to the beginning of the century and
Fisher (1936) introduced the discriminant function nearly 35 years ago.

‘It was rather for the Aevelopment of the larger digifal computers that the
technique was forced to wait, especially if a large sample or many variables
were contemplated. If the results of the analysis were needed within a
certain time period (aé'for example in the model propésed in the present
study, where treatment recommendations are needed early in the hospital
stay),, the techﬁique was rather unusable, & _

The successful use of appaéently unrelated (either to other sections of
itself or to the criterion) information is interesting. This successful
use of 'lmrelated" informationrlends an optimistic note to the present effort,
since'some of the information (and more especially, combinations of the
information) havg‘not been firmly tied to the success criterion. In a
study like that of Safford (1967), in which 5chool~performaﬁce was success-—
fully predicted from object softing and concept formation tasks, relation-
ships are being tapped which may have b€en previousiy unknown (or even |
‘unsuspected) and berhaps indirect, but which undeniably exist. Through
such studies an entirely new light may be cast on th; theoretical concep-
tions of the nature of phenomena. Anothgrhexamplé, pedestrian but useful

and illustrative, 'is the work of J. T. $mith et al. (1967). . These authors
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used a combination of sociometric, academic and personality. inventory
data to predict elementary school success. Among these variables, the
most importamt in the resultant regress’ion equations was IQ, as might be
expected, but scme of the ocher items were found to significantly con~
" tribute to the predictions.
In a slightly more striking exampie, Anastasi, Meade aﬁd Saunders

(1960) were commissioned by the College Entrance Examination Board to
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ve value of different types of information for pre-
diction of college success. The authors found the criterion to be more
highly‘corfelated witﬁ some of the biographical items ‘than with the CEEB
verbalrand mathematics scores. In agreement with chis finding, Stern,
Stein and Bloom (1956) found that activity preferences and personality
inventory items, etc., could be more important in preaiction of college
success than more "direct" variables.
Several othcc authors have found similar relationships between the
success criterion and various éorms of supbosedly indirect information
using muIcivariate techniques (Stone, 1958; Bishton, 1958; Nason, 1958;
Mellinger & Haggard, 41959; Michael, Jones & Tremblay, 1959; McGuire et
al., 1961 Stein, 1963; Tucker, 1963; Creelman, 1964; McGrath, 1960)
The area of mental health prediction is a difficult one. Onc of the
- few placesvwhere fruitful work has been accomplished is in the length of
patient stay. Lindemann et\al. (1959) found five demographic variables
(marital status, diagnosis, severity, legal competence and alcoholism)
which were fmportant in distlnguishing long stay patients. Seaman (1968)
found that three common inventories (MMPI, Edwards Personal Preference
) - Scale, Revised Beta Examination) adminis tered during hospitalization had

low correlations with length of stay.' She was unable to derive multiple




regression equations from them which were of use. However, she discovered
that marital status, living arrangement at fhe time of admission and work
history were Felated to length of stay. She concluded that important"
determiners of length of stay were externalﬁ the demands of home, family
/’and job. |

In a review of many attempts to predict prognosis, Fulkerson and Barry
(1961) also conclude that psychological tests are of little value. They
noted that cortaiﬁ background items, such as severity and duration of the
precipitating episode have been more consistently related to prognosis.
Their review concludes by stating that single predictors have generally
~ been much less successful combinations, and even when a single one looked
good at first it usually failed to cross-validate.

Bucklew (1967a, b) has in a series of multivariite studies empioyed
discriminant funotions to shov that prediction of various kinds of early
hOSpital information is possiblo. For example, he predicted symptomatology
from case history information in one study. The other otudy reversed this
and shoﬁed that case history information is also predicfable from symptoms.

Bucklew envisions a mental health c¢linic where the counsellors employ
, "persona;ized" discriminant functions to guide their practice. That is,
the items and the assigned weights are chosen by the counsellor in accord-
ance with his beliefs about their value. They are changeable with his
changing understanoing of their relative worth and to suit different
individual clients' cases.

In a symposium on the eValuotion of psychiatric treatment, Cole (1964)
reports a study of the effectiveness of phenothiazines with acute schizo-
phrenics. Nine hospitals co-operated in the study to s;anda;dize treatment

practices and pool data. 1In this case, the discriminant analysis was employed
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to determine whether staff ratings could distinguish patients given
placebos from those given various phenothiazines, and if they could, to
assess which observational and behaviorzl rating items were most important
in making the distinctions.

In the same symposium, Clyde (1964), in giving a final overview to the
proceedings, noted that (1) many factors are involved in thé evaluation of
psychiatric treatment and (2) that dissatisfaction had often been expressed
concerning the inadequacy of the statisti;al methods which had been used
in the reported studies. Clyde pointed out the feasibility of discriminant
analysis for many problems, that it was appropriate t6 the complicated
interrelationshipévinvolved in psychiatric treatmenf investigations, that
sevefal Qortﬁwhile computer programs existed which ?ere written specifically
with biomedical éroblems in mind, and finally that while its purpose was
primarily to discriminate groups, it was possible to compute recommendationé
and other critefgon scores for individuals.

Three papers are particulafiy relevant.to the presént problem. In a
speculativé article, Kleinmuntz and McLean (1968) propose a system for
large-scale psychodiagnostic interQiewing by computer. They give a sample
algorithm for such a system, using the MMPI. In discussing the possibilities
of computer diagnosis, the authors concede certain limitations, at 1ea§t
"in the near future. Oné is the rudimentary staté of person-machine commu-
nication. Due to-fﬁé linguistic ihfancy of computer science, responses
must be very simple - usually yes or no, ﬁr some other common,'expected
‘Qord.. Second, little is known-abOut the process clinicians ;hemselves go
through to diagnose disorders, which makes it difficult to reconstruct
that process for the computer.

A second study, recently perfdrmed jn Czechoslovakia (Engelsman et al.,
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1968), used multivariate analysis to test the relationship of funbtional
psychotic disorders to items of a rating scéle. The rating scale was
composed of symptoms and background information. The authors found they
could classify 70%Z of their sample of 180 patients into the diagnosis
vwhich they had actually been assigned.

Finally, in an.encouraging clinical study, a method of weighted vector
differences has been used in the diagnosis of various cardiac diseases.
In this study (Klihgman & Pipberger, 1967) 8 measurements of the subjects'
hearts were obtained and classified by multiple discriminant analysis.
ﬁighty—four percent of the cases were correctly diagnésed (agreed with
independent.Judges who were cardiac specialists). Resident§ intending to
become heart specialists classified an average of 67% gorrectly.

"'Multiple Discriminant Analysis

Mulfiple disgriminant analysis is a way of finding the maximum possible
separation of several groups on a given criterion from the availablé informa-
tion about the groups. The coﬁﬁutations are usually sufficiently complex
to require a computer. The information must be in continuous variable form.
‘The method also assesses the rélative importance of each variable to the
resultangAdimension which represents maximum separation.

In the beginning there are the scalable scores of individuals. The
individuals comprise a priori groups. The mean of each variable inﬁeach
group isvcalculatea., For each group, a vector is computed ﬁﬁicﬂ:ié the
product of the vector of the group meang and the variance~covariance matrix;

' This vector is of the form y=0> + b,x +...+bnxn + c. In this equation

1*1 7 P2%2
y is the criterion's value and b is the computed estimate of the coeffi-
cient-weight for variable x. The c is a‘cqnstant._

~ One discriminant function of this form is obtained for each groﬁpu The




n discriminant functions represent centroids in hyperspace which maximize
the separation of the groups. Various tesgs of significance are available
to détermine wvhether the separation of groups is such that the null
;hypothesis that their mean vectors come from the same populations may be
rejected (Hope, 1968).

If the discriminant functions thereby appear to be representative of
‘ groupé vhich are not from the same population, then newly observed and
previocusly unclassified events or subjects may be classified. The scores {
of the ﬁeﬁ subjects on each variable are multiplied by the discriminant
weights of each of the functions. He is assigned to the group with the {
profile ﬁost nearly resembling his own profile. ‘ '

The greater certaiﬁty associated with ﬁhe hypothesis that the several
groups do indeed come from different populations, the greater percentage
of correct classifications of new observations will be made.

The particular prograﬁ used in this investigation was developed at
- UCLA (Dixon, 1967) and revised in Ha& 1969. Slight modifications of it
vere madé during the course of this investigation. These will be discussed
later.

The program uses a step-wise method. ' That is, variables are added or
deleted one at a time in this analysis. A variable is included in the set
of discriminating wariables f;ém a pool of potentiél discriminating variables
according te the following criteria: (a) the one of the pool with the
largest Ffvalue, (b) the one which when partialed on the previously entered
variables has the highest multiplé correlation with the criterion, and
(c) the one which gives the largest decrease in the ratio of within to total
generalized variances. These three criteria are eﬁuivalent. Finall&, if

“ in the course of the step-wise procedure a variable's F-value becomes too
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low it is deleted.

As this step-wise procedure has conme unaer some suspicion recently,

a program option allowing the user to specify the tolerance level for
inclusion and deletion of the variables was exploited, Setting this
tolerance at a very low level for both inclusion and deletion probably
removed the possibility of erroneously eliminating vafiables which appear
weak at one step but would be strong if they were included later. By
setting the tolerance level very low (at .00001), the last step of the
analysié, when all the variables have entered, becomes equivalent to an
énalysis performed using all variables simultaneously;

The Samples |

The complete sample is composed of first-admission patients admitted to
Riverview Hospital between 1965 and 1968.

.Thé sample was fairly heterogeneous, and seemed in most respects to
resemble a normal British Columbia population. The modal decade oflbirth
was 1930-40. Four percent were‘born before 1900,_more than a dozen in the
1880's. Three percent were born after 1950. Fifty-five pefcent are
female, forty-five percent are male. Half were married at the time of
admis;iog, one~third- had never been married and the rest were formerly
married. About 85% were born in Canada, and 15% were born in the United
Kingdom, Australia, New Zeaighd and the United States. One~third listed a
denomination othexr than the established Protestant or Catholic faiths,
which were' represented in a 5:2 ratio. However, the sample is a poorly
employed one. Almost two-thirds were unsettled, unemployed or retired.
Nevertheless, their educational level is not far below a normal distribu-

tion. The average (mean, median and mode)hcompletea educational level

was grade 9~11. One percent had no formal education and one percent had.

s



a universi;y degree.

Approximately half these first admissians came to the hospital
voiuntarily, and the other half were committed by court order.

The information available on these pafients which seemed potentially
/”relevant (see Table I of éhe Appendix) from the survey of related previous
studies and a pilot study was coded onto data processing cards from
hospital records. It includes several categories: background, admission,
mental status examination results, treatments administered, initial diag-
nosis.

An effort was made to arrange the information congained in a given
- variable in continuous form. This was relatively easy‘in some cases, such
as educational level, ahd somewhat more difficult in others, such as
religion. However, in each case an effort was made to spread the informa-
tion aiong an implicit dimension in the variable. Nevertheless, the
difficulty encountered in this Fask in a few cases led to dichotomous
variables: no three or four point scale could be developed. This is fre-
quently ﬁhe case in multivariate analysis, though Kendall (1957) speaks
of the practice as being "a little rough.'" The symptomatology of the
patient, in the form of the mental status examination, was dichotomized.
In the exam, the patient recqiygd in each of seven sphefes, a rating of
normal or one of many words used to connote abnormality. In an attempt to
render these ratings more simply and perhaps more reliably, they were
summarized as normal or abnormal. The religion of a subject was expressed
in two ways, to allow two possibly useful dimensions to emerge. In one,
the dimension employed was "estabiished"yﬁi.e. Protestént, Catholic and

Jewish) religions vs._"unestabliéhed” ones, and in the other it was
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Protestant vs. Catholic, the very few Jewish people in the sample being
set aside in this latter variable. '

.The diagnoses were not arranged as a continuum but as a series of
variables, one for each diagnosis. The sample included people with diag- |
noses of organic and funcéional disorders, as well as addiction and

personality disorder.

The sample was randomly split into two sections for this investigation. >

™

About two-thirds, 2820, were used for the experimental sample to develop
the standard successful profiles and the remainder, 1417, for the cross-
validation sample.

Divisionrinto Groﬁps

The sample was divided into groups based on the treatment pattern

T

received. Seven categories of treatments are available to the patient at‘
Riverview, and he may conceivably receive any combination, permutation or
amount of them. In this étudy ;nformatién on permutations and amounts were
not available and therefore could not be considered. No distinction could be

made between one who received ECT and then group therapy and one who received

these.in reverse order.i Nor could any be made between those receiving few
electro-convulsive therapy treatments and those receiving many.

Despite these simplifications, there are many possible combinations of
-group therapy, ECT, anti-depressants, tranquilizeré, insulin shock therapy,
behavior therapy and drugs for physical disorders'(e.g. anti-convulsants,
anti-Parkinsons). However, less than ten instances of the repsrted use of'
either behavior therapy or insuliﬁ shock therapy prompted the deletion of
these treatments from consideration.

| A computer program was written to search the sémpleland list all the

combinations of treatments administered. Altogether 33 patterns of the five
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treatment ;ategories emerged, including one in which none of the‘treatments
was given. Some of these patterns occurred very infrequently, especially
combinations of three or more treatments. The twelve most popular patterns
accounted for 857 of the sample.

Therefore, initially, the samples were divided into twelve homogeneous
groups and one catch-all group for the 15% who receivéd unusual treatment.
Later this division was modified - this will be discussed below.

Inspection of a matrix of diagnoses and assigned treatments fromjthe
treatméht-listing program showed that each one of the treatment groups is
'quite heterogeneous in terms of standard diagnosis. fhe heterogeneity of
the current diaghoétic system to reliably indicate any given treatment or
pattérn of treatments.

" Construction of Indexes

Two indexes were constructed from already known informatién. Table 1
summarizes the construction.

fhe first was an index of ébcial claés. In a pilot study of first
admission males moderately high correlations between social class and
improvement were noted. A score on the index was calculated for each sub-
ject.' Thg index 1s -composed of two Gactors: occupational level and
.educational level. A somewhatfarbitéary decision was made that present
occupation has more to do with present social class than educational level
attained. Conséquently, aAperson's social class index score was defined
as twice his occupational level score plus his educational level score. E

The second index was of improvement or successfulness of hospital out-
come. A rating of improvement is made for’each pafient at discharge by the

attending physician.v However, a necessity was felt to broaden the index.

From a social point of view, improvement in the mentally ill is not only a

[
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Table 1

Construction of the Indexes

Index

Component Variables Weight Index Range

Social
Class

Educational Level:

0 - no formal education

- grades 1-4

- grades 5-8 :

~ grades 9-11 1

grades 12-13

- some university -
- university degree '

NV W U
1

2-14

© 2 - service, semi-skilled

Occupational Level:

1 - unskilled

3 - clerical, sales, skilled 2

4 - professional,managerial

Improve-
ment

Improvement Rating:

1 - symptoms present,
. uncontrolled

2 - symptoms present,
controlled

3 - symptoms free, no
insight

4 - symptoms free, some
insight

. N

Medﬁcal Referral: -

0 - none

1 ~ family doctor

2 - psychiatrist, clinic 1 2-14
3 - other hospital

Employment Status:

0 - unemployed,
unemployable
1 - employable,unemployed 1
2 - to new job
3 - to former job




matter of symptom alleviation; but also should be reflected in the ability
of the patient to function well in the social world after dischatge.

Consequently a three factor index of improvement was made. The rated
level of imprevement of the patient, being most important to the meaning
-of the index, was given a ‘double weight. Single weight value was given
to the other two factors, the "employability" of the patient at dlscharge
and the degree of post—hospital medical care he required. This choice of
components for the index was aimed at strengthening the validity of the
improvement measure from the single four point rating to a 13 point multi-
factor index with some more certainly objective compohents and some
_reflecting the social aspects‘of improvement. The correlation between the
rating alone end the three fector index was .87. The correlations of the
two other components with the index are .53 for the "employahility"
variable and .28 for the medical referral variable. The intercorrelations
among these variables are quite small (rating of improvement-"employability"
.13 and the other two below 01)

A further check on the weighting system was performed to determine if
variances of the variables were comparable, so that the intended weightings

were actually reflected in the indexes. 1In the social class index (where

/

the components were correlated 25 with education and occupational level
correlated with the index .63 and .91»respective1y), the variances of the
two components were 1}00 and .89. Those of the improvement index components
were also in the seme range, although that of the medical referral variable
was lower than the other two:‘ improvement rating, 1.0l1; medical referral,

.46; and employability, 1.05.
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Selection of the Variables and the Separation of Groups

The main criterion for the final selecfion among the variables was
efficiency for the discriminatory purposes of the investigation. Tabie 1
of the Appendix lists the complete original pool of variables and the final
selection. After the main sample had been divided into the 13 groups, it
was. further subdivided into successful and unsuccessful outcomes on the
basis of the improvement index. Decisions were made as to the cut-off
scores for succéss and failure by examination of the constituent variables
of the index. On each one an assessment was made of the score which
jreasonably indicated a division point of success and'failure. Then the
variables were coﬁbined in the manner of Table 1. The range for the index
1s 2-14 and the cut-off écore was set at 8. When this division had been
-accomplished, approximately two-thirds of the sample had been defined as
improﬁed. This, incidentally, was very close to the same proportion which
got 3 discharge rating of "symptom free," as opposed to "symptoms éresent".

A variable was retained fo; the analysis if it materially assisted in
distinguishing the 13 pairs of groups resulting from the divisions of treat-
ﬁent pattern and success. The original pool of variables consisted of 39;
17 deﬁogfaphic, 7 mentalvstaEps, and 15 initial diagnosesf Simple correla-
tions among all these originél variables anarthe criterion are presented
in Appendix Table 3.

Two kinds of analysis were then carried on simultaneously. They answered
the questions: (1) which variables arelefficacious in differentiating thev
~ groups? and (2) which of the groups can be significantly differentiated?

- First all the variaﬁles were used to try fo distinguish all the groups.
Some groups would not be distinguished and%some vafiablgs were useless in

trying to do so. A process of amalgamating groups and choosing “good" vari-




ables ensued. Sometimes when two groups had been joined together, recheck~

ing showed that a variable which had been discarded was now valuable in
distinguishiing the remaining groups.
After several arrangements of groups and variables had been tried, a

’ final combination evolved which seemed to be successful in recognizing

and dividing a maximum number of groups with a maximum number of variables.

The‘final result of the process was seven pairs of groups and 36
variables. These seveﬁ groups (see ;able 2) were coﬁposed of six which
were amélgamations of former groups and the catch-al; group., The six
amalgamations shared a common feature: all of them were comEinations of

- (a) a given pattefn of treatments and (b) that same pattern plus group

sem A £

‘therapy. In other wordé, group therapy patterns and non-group therapy

patterns were not distinguishable, using the final selection of variables.
The di&ision into main and cross-validation sampies was quite well rep-
reseﬁtative over all groﬁps wi;h respect to proportions of improved and
unimproved subjects, although some individual groups were moderately
differenfly represented. A significance test of the difference is, how-
ever, inappropriate since the groups by definition came from the same

population. ) ¢

Modificaticn of the Program

The purpose of the investigation was to develop discriminant function
profiles for the seven treatment-indicating formuiaﬁions, profileé of 36
items each.

The main program used for the analysis was modified so that the profiles
developed on the main sample coﬁld be imposed on the cross-validation sample.
When the final selection of grdﬁps‘and vafiables wﬁs complete, a discfim-

inant analvsis was performed over the seven pairs of groups in the main

P -
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TABLE 2
The Final Treatment Groups

—

- Main Sample Cross~Validation Sample
‘ % % not % Z not
Eﬁﬁim— : . ‘ . N improved improved N improved improved

A ;1 or 145 898 73.8 26,2 443 80.6 19.4
¢ 143 or 1,35 335  75.2 24.8 166  75.9 24.1

D i+2 or 1,245 357 70.0 30.0 182 - 60.4 39.6

: ‘ I .

“E 1+4 or 1,445 305 79.7 . 20.3 149 69.1 30.9
F none or 5 263 73.4 " 26.6 137 67.2 32.8
e 1,244 or 1,2,4+5 174 68.4 31.6 92  59.8 40.2
X all others ‘ .488 64.8 35.2 248 75.8 24,2
Totals v 2820 . 71.8 28.2 1417 72.7. 27.3

% where = tranquilizers

anti-depressants

drugs for physical disorders
electro-convulsive therapy

= group therapy

LW N
oy uwn
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sample. The standard profiles, to be used in making recommendations for
"future" patients (the cross-validation sanple), were the means. standard
deviations and co-efficients of discriminant functions for the seven
successful subgroups.

This procedure was used so that in the differentiations, both dimen-
sions of separation would be represented (success—~failure and one group
from another). An alternate method would have been to use only success-
ful groups in the construction of profiles, since only successful profiles
were desired. This was tried, and the results were quite the same; less
than one percent of the recommendations were different from the two-way
- profile recommendations.

The investigation must be termed a quasi-experimental one, after
Campbell and Stanley (1963). These authors discuss 16 possible research
paradigms, together with the advantages, disadvantages and suitability of
each for differing ;ypes‘of investigations. According to criteria
suggested by Campbell and Staniey, several of these designs are not truly
experimental. The prin;ioal manner in which the present study does not
meet these criteria is that the subjects in the study (the cross-validation
sample) are not randomly assigned to treatment. It was impossible to
actually apply the‘tieatment recommendations made for the patients by the
study.,

However, Campbell does not single out the quasi;experimental design
in order to condemn it. Rather,_he maintains it is a necessary and desir-'
able technique for approaching questions which are otherwise unapproachable
. with conventional empirical designs. 1

It is believed this investigation legitimately falls into this category.

A truly empiric test would have necessitated the assignment of patients in
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the hospital to treatment under a completely untriéd method. Suéh a
proposal would have certainly been opposed'by the medical authorities.
Yet the basic idea of the study seemed worthwhile, and even potentially
valuable. Apparently the only way to test the ideé was to use one of the
pseudo-experimental desigﬁs for a preliminary test of the general hypoth-
esis. Strong confirmation then might be support for.a small field trial.
The program was modifi?d, then, to enable a pseudo-experiﬁental test
of the formulations. Specifically, the program was changed so that it
would eﬁploy means, standard deviations and co-efficients of discriminant
'functions from the main sample in calculating which éroup individuals of
the cross-validation sample "should" have been in. It was as if the
_profiles had been developed on a standardizing sample and then weré
implemented in hospital practice for the 1417 members of the cross-
valid&tion sample. As each new patient was "admitted" his profile was
compared to the standard succegsful profiles of the various possibie treat-
ment pattems and he was assigﬁed to the group he most nearly resembled.
Of course the recommendatggﬁ would leave the question of group therapy open;
and if the patient was éssigned to the catch-all group his recommendation
would be open - except for the first six patterns (where 80% of all patients
are). A patient assigned to the catch-all group would be known to need an
unusual pattern of therapy. _ | ' -
Although each patient of the gross-validation sample had of course _
actually been through the hospital and recéived some pattern of treatment,'
this actual pattern was ignored‘for the momént in making a recommendation

according to the proposed system.

The Hypothesis : i

*.

In general the hypothesis is that cross-validation sample members who

P




received the same pattern of treatments in the hoséital as was recommended
for them by this analysis would have highef scores on the improvement
index than those who did not receive thc same pattern. It would be for
these patients as if the proposed system had been implemented. For others;
it would be as if the recommendations had been made but not heeded.

The general hypothé?is may be extended to an examiﬁati&n of each of
the treatment groups independently. Sincg members of the cross-validation
sample had improvement index scores, it is only netessary to compare the
means on the index of the "recommended" group and the "non-recommended"

group.




Chapter 3: Results

Separation of the Groups

The greater statistical separation of the treatment groups that can
be achieved, the greater percentage of correct predictions will be made.
This does not ﬁean that simply if significant differentiations are
achieﬁed, all predictions will be correct. A certain amount ofvoverlap

7
in the multidimensional distribution is very difficult to avoid. In the

made that variables not quite significantly differentiating the groups
still will have some beneficial influence on the number of correct pre-
dictions. For this réason variables were allowed to participate in the
discriminant analysis if they had an F ratio of 1.00 or greater, where

‘the value necessary for significance was in this instance 2.03.

Consequently the 36.variab1es used in the final runs had this minimal
value. Table 3 éhow$ their individual values. High F ratios are not
always a good indication/;E the variable's value. In the casé of the
social class index and its components, complete interdetermination of
the variance resulted in spuriously high values. An ideé&of the true
value of these variables was obtained in other runs in which one of them
was omitged. The true value of all three of the variables is probably in
the area of 2.5,‘slightly above the 1% significance level. The spuriously
high ¥ ratios do not affect the actual predictions;‘llt is clear from the
table that no one seﬁ of variables démonstrated clear superiority in .-
utility over the others. Theré are good discriminators among demographic,
symptom and diagnostic information. Of the 36 variaﬁles, 29 were‘differ~
entiating the groups at the 1% level or ?etfer:' Some of the items which

performed particularly well were sex, employment statué, duration of the

precipitating episode, presence or absence of epi}epsy, among the back-




Table 3

Contributions of Individual Variables to the
Discrimination of Treatment Groups
in the Main Sample

or, Drugs

Variable F-ratio® F-ratio®
Sex 7 4,78 Thought Content 5.47
Year of Birth 2.22 Motor Activity 3.80
Marital Status 1.43 - Behavior 2.04

. Place of Birth 1.26 : Orientation 2.15
Established Religion  1.55 Memory 2.20
Occupational Level 28.61 Brain Damage 5.60

" Employment Status 4.00 Involutional Psychosis 9.71
Educational Level 28.61 Affective Reaction 4.64
Involuntary - 2,36 Chronic Schizophrenia 4.13

Admission :
a Acute Schizophrenia - 7.29
Source of Admission 2.43
Paranoid 9.41
Previous Care , 2.00 Schizophrenia
Duration of Episode 4.62 Other Schizophrenias 3.46
Precipitating . 2.33 Depressive Neurosis 15.70
Factor
, Trait Disturbance 2.32
Living Arrangement 1.16 Personality Disorder
Epilepsy 6.75 Sociopathic 3.11
. Personality Disorder
Social Class 28.61 . _
' _ Transient Situational 1.70
Affect 2.92: Personality Disorder
Stream of Thought 1.00 . Other Diagnoses 3.34
Addiction to Alcohol 3.20

®Where df=13,2771 and 2.03 is the 1% probability level.
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ground variables, thought content among the mental staﬁus variables and
brain damaée, involutional psychosis, affective reaction, chronic, acute
and parano’d schizophrenias and depressive neurosis (which was the best
single item) ;mong the diagnoses.

Taken together, these ‘'variables distinguished the groups quite signif-
icantly. The overall gfratio for the 14 group»separation was 6,45 (df =
468,33988), where the ;alue for the 1% level of significance is 1.16,

Va;ués were also computed for the degree of separation of each group
from every oﬁher group (improved and not improved). Table 4 presents these
inter-group comparisons. Of the 91 total comparisoné of palrs of treat-

. ment groups, 84 afe significant at the .001 level and three more at the
.01 level on the F test. Four comparisons were not significant, two of
which were the improved‘vs. not improved sections of single ;reatmént
groups.

In general ﬁhe groups were apparently very well separated. It would
seem Nathan's fear of one syndéome per patient when groubings are done on
the basis of observed and background behavior is ungrounded.

Obtaining Successful Profiles

Tﬁe actual formulations of successful treatment groups which constitute
the basi; for making the re;ommendations were extracted from the separation
of‘groups analysis. The weighté for the successful suBgroups, together with
these standard grdups' means and standard deviations on the 36 items were
collected. These Aefining profiles are presented for each of the seven
groupsiin Tablg 2 of the Appendix.

Imposing the Profiles

v

The profiles were then imposed on the cross-validation sample through

the modified multiple discriminant program.- In effect, the members of the
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7

cross—validation_sémple were being individually.asseésed and treétments
were recommended for them just as if the model were in oﬁeration at the
hospital.

The program multiplied the score of an individual on a given variable
by the co-efficient of the corresponding variable on the discriminant
function of one of the groups. For the individual the sum of these
products over all 36 variables was computed for each potential treatment
pattern. The individual was assigned by the program to the group for
vhich this criterion score was the highest; that is, to the group of
'improved patients he most nearly resembled. |

From the criterion score two further pieces of information were com-
puted. One was Mahalanobis' D2, a measure of tﬁe geometric distance a
subject is from each of the groups. D2 is the monotonic inverse of the

criterion score, so that assignment based on it would be to the group with

the smallest score. The posterior probability of the subject_being assigned

to each of the groups was also computed. This probability is based on the

criterion score and is standardized so that the sum of the probabilities

of being in the 7 groups is 1.0. So for every member of the cross-valida-

tion sample the criterion score was computed and its derivatives, D2 and
the posterior probability, were printed out for each of the seven groups,
together with the name of the group to which he was assigned.

Parenthetically, the modification of the program to impose profiles

did not affect the normal discriminatioa routine. The statistical separa-

tion of the cross-validation sample groups was carried out with the
indigeﬁous figures. The imposed profiles only affected the assignment to
groups. Consequently it was possible to.assess the degree to which the

36 items distinguished the cross-validation groups. The seven categories




(improved and unimproved sections were not separated in the cross-valida-
tion sample because the assignment to treatment had to be dome "blind")
were differeqtiated even better than the groups of tﬁe main sample. Table
5 summarizes these distinctions. The overéll separation of groups was
also highly significant (F = 5,21, df = 210,8162). Finally, 28 of the 36
variables heiped in this separation with F ratios of 1.0 or better, and
most of the variables previously mentioned as especially important in
discriminating the main sample were also important in this analysis.

Thé cross;validation sample had, of course, already received some
pattern of treatment. In order to test the hypothesié, those subjects for
- whom the actual pattern of treatment was the same aé the prescribed pattern
of Ereatment were sepafated from those in whom it differed. The predictiop,
was that those receiving the recommended treatment would have more success~
ful oﬁtcomes than those who did not.

The predictioﬁ was not borne out. In the cross-validation sample 438
people received the recommendéa treatment‘and 979 did not. The mean scores‘
of these groups on the improvement index were 9.17 and 9.57, the values
being in the oﬁposite direction from the prediction. The F ratio for this
difference was 7.90‘(df‘= 1,1415), significant at the 17 level.

An examination of the individual groups' means revealed where the
principal areas of this reversal of the prediction were. Group C and the
catch-all Group X are the prime sources of differences in the sample.

N

None of the other five differences are significant, as may be seen in Table

6.

i e e o e e



- Separation of Groups in the Cross-Validation Sample

_Table 5

N

42

_Group A c "D E " F K
A -
C 4,042 -
D . 6.76  8.30 -
E 7.67 8.25  10.80 -
F 4,89 5.06  7.46  11.85 -
K 6.06 7.10  1.91  6.04  8.18 -
X '5.12_4 6.02 2,70  6.80  7.02 1.97

8F-ratio vaiue where df=35,1376 and 1% level of significance is 1.63.

D S



Table 6
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Improvement Index Means for Subjeccts Receiving and Not

Receiving Recommended Treatment

Treatment

Group Recommended  Recogzzhded F p

A 9.57 9.60 .02 -

c 8.80 9,87 6.28 .025

D 9.45 9.38 .04 -

E 8.94 9,47 1.74 -

F 9.11 8.57 1.57 -

K 9.27 9.35 .02 -

X 8.57 9.87 5.20 .05
Total 9.17 9.57 7.90 .01




Chapter 4: Discussion

The résults indicate a system developed on two-thirds of a sample does
not generalize to the other one-third of the sample. In fact, the pre-
diction was significantly negated in two of the seven groups. This comes
in spite of the very significant, in éfatistical termé, separation of the
main and cross-validation samples. In'addition, a post-mortem comparison
of the main and cross-validation samples using the 36 variables was under-
taken,.with negative results; they could not be differentiated, which
suggests they were; in fact, fairly randomly divided. There is the further
‘knowledge that the same variables acted in about the same way in differ-
entiatiating each of the samples.,

-1t therefore appears the group separations were very nicely cross-
validated, but the prediétions in the case of the avefége individual patient

were not.

Numerous poééibilities exist. One is that despite the large statistical
sepafation of the centroids othhe groups, much overlapping of distributions
occurred. This is suggested by a scan of some typical D2 scéres. Here is '
one subject's D2 values for the seven'groups: A,25.35; C,26.78; D,21.25;
E,26.i6; ¥,24.01; K,24.20; X,24.01. There is an indication in these values
that thevgroup centroids are nearer to one another than to many of the
data points. Another subject's values are all between 6 and 7. It resembles
an example from astronomy in wﬁich'persons on opposite sides of the earth
seem to be far apart, but if the reference system includes their distance t
from a group of stars, they afe both éssentially in the same position and

both of them would report being very nearly the same distance from each of

the group of stars. In this way, the usual pattern of D2 values for a given

-
.

subject was that they were all in the same range, e.g. 6-8 or 25-27, etec.




. A drop in predictive ability from the standardizing to the cross-
validating samples is traditional, thoﬁgh ﬁot always so severe as in this
case. One e*ample is the study of Neithercutt (1969). His attempt to
predict successful federal prison parolees saw a decrease in accuracy from
* 80-90% to 50-70%. Drops,.of course, can be even more severe when a
difference of one sort or another exists -between the &tandardizing and
cross-validating samples. Smith et al. (1968) report a study which dis-
covered‘that a weighted scoring key developed on a sample of chemists
failed on a sample of physicists in the same institution. Another study
(Wernimont, 1962) found that a weighted key for seleéting long term office
. employees from application forms did not cross-validate after a five year

period.' The author suggested that certain of the items had changed in

social meaning.

To counteract these prediction drops several schemes have been suggested.

Goldstein and Linden (1967) discuss an "indecision model." They maintain
that of the overlap in the diséributiéns, where error is likely to'be very
high, a portion should be set aside for 'mo decision" cases. If the subject
falls, for example, into the.centralftwo—thirds of the distribution overlap,
a predicfion for him is not made, but he is set aside for further tests.

Of course, when the overlap becomes lérge, many noﬁ—predictions are made.
The authors claim, however, thét even if this is true, fewer errors in
prgdiction will bg made with their model.

A second approach to bettering mediocre prediction is that of Tesser,
Starry and Chaney (1967). Their approach is to stack separating devices.
They propose beginning with a factor analysis, obtaining factor scores for
individuals, doing a hierarchical profile grouping and finally perfofming |

an item analysis for the final groupings; Both these papers were, however,




illustrated with "nice" data in small samples. One wonders at the
précticality of their solutions (and even if they really would produce
significantly better results considering the cost of the process) with
relatively large samples.

Standardizing profile; may be vefyvdelicate;‘"Especia11y<when a sub-
stantial overlap exists in the distributions, they may be so sensitive
to the characteristics of the standard sample they are not transferable
even to very similar samples.

Information comprising the profileé is also important. A sometimes
forgotten requirement is that variaﬁles nust be coqtiﬁuousf Attempts to
render certain variables continuous may not be successful. further, even
wheﬁ\the variable is cbntinuous, the particular dimension exploited may
not be the only ;ne possible. VWhile ig may be a seﬁsible diﬁension to
exploit, it may not be fhe one which best accounts for the variance of
the criterion. Pefhaps a>care£u1 study of the "mode of continuity" of
selected successful variables would yield some general rules as to methods
for selection of relevant dimensions in variables,

In the present investigation simplifications of the information may

have lessened the chances for better prediction. For example, it will be

remembered that order and amount of the treatments was ignored. . And, of

course, it is possible some kinds of vital informafion were just not

included in the study} Although psychological inventories have not seemed

a good source of predictive items (according to the Fulkerson and Barry
review mentioned earlier), perhapé intelligence tests or certain items
from among the vast repertoire of tests would be useful., Among other
classes of information (cf. Stein, 1963), only one seems potentially‘use—

ful in this area; information relating to person-environment interactions




could be helpful, especially if ByWEhat one meant person-staff relations
as well as person—-architecture relations. ‘Patients and staff certainly
have sociul intgractions like other peojle, and the nature of these might
well have some bearing on a patient's improvement (and his Egggg_improve—'
ment).

It is interesting to note that some of the demogfaphié-items were as
important or more important than symptoms or diagnoses, the traditional
correiates of treatment and improvement. Although the social class index
did not perform particularly well, sex, employmeht status and duration of
the precipitating episode did. There scems to be suéport here for Seaman's
contention that various external demands are very important in the hospital
caréer of the mental patient.

Much support'and many exhortations have issued from health organizations
of ali types in Fecent fimes concerning the neceésity of collection of
epidemiological data on patients. While the general call has been heeded
in many hospitals, the possibiiity remains.of a slip between the idea and
the practice of data collection. Hospital records are not always taken
with the extreme caré necessafy for perfect accuracy; errors of omission may
creep in\as well as:simple clerical errors. The aufhor does not mean to
- suggest blame in the present study, énd he accep;s.full responsiﬁility for
" the quality of the data. Nevertheless he was not present at the taking of J
the hospital records of so many patients, norbat tﬁe conversion of them
onto datz processing cards. .

One further intriguing possibility exists. It could theoretically have
been possible that in some cases of "wrong" prediction, the récommendation
made actually would have improved the patient even more than did the treat-

ment he received which miidly improved him. There is no way in this quasi-




experiment to find out if-"this was ever the case. It seems reasonable,
though, thét more than one pattern of treafment could result in the
patient's improvement, althoﬁgh the btasis of the whole study rests on the
proposition that an optimal combination of treatments exists for each

- patient,

Despite these possible sources of error and the failure of the cross-
validation, a system similar to the present one should work. This is not
étated éut of hope alone. To the degree the present procedures of treatment
administration work, there are rules implicit in its operation. This study
is an attempt to discover and make.explicit such rulés, in the form of the
profile formulations. There is a possibility that no uniform or stable
rules are being used in the hospital, explicitly or implicitly. In the
belief that there might be and that there should be, an approach such as
the pfesenﬁ one could be successful with further similar attempts. Such an
attémpt will be reported in the next chapter.

Nevertheless, the problemsfand confusions of the present diagnostic
system may hinder development of a better system. It is the old problem of
trying to create a good model from poor or questionable or unstable data.

As a>recgnt participant in a conference on psychiatric epidemiology put ?t,
"the core of the dissatisfaction with the present classificationris thatyt
the typology implies disease eﬁtities for which there is as yet no rigorous
écientific evidence" (Bahn, 1967). The current Iagels may never be rzliable
when they are built on entities which, 'since they are not defined, are . »
subject to varying opinions on their nature and relation to individual cases.

Since their use as “shorthand formulations"

may affect the whole cast of a
patient's relations with the staff, his treatment and the perceptioné of

the staff,and himself, the continued use of them may obscure attempts to




find gener;lizable hypotheses.

As long as etiology reﬁains a mystery in psychiatry, the search for
information relevant to the nature of fhe disorder must continue. Sources
of information which have not been previouély examined must be considered.

" Of particular interest ma§ be complex combinations of events in a person's
life which are associated with mental disturbance.

The nead to search for the peculiar combinations of events which cul-
minate in mental disorder is recognised in some areas. Leighton (1967), for
examplé,‘proposeé focussing not on symptoms (which he considers a "disease-
contaminated" word), but on "behaviors of psycﬁiatric interest." These
are ''recurrent péychological, biochemical, social, cuitﬁral gnd situational
eveﬁts." This 1s a br&ad conception, but it is not clear whether Leighton
would advo;ate that any particular single behavior or evenf is necessarily
of psfchiatric interest. Clearly, such will not‘be the case for all people.
Rather, it is patferns énd com?inations of Leighton's behaviors of psychi-
atric interest, perhaps not recurrent, perhaps somewhat idiosyncratic, that
are most important.

A wide-ranging seafch‘for interactions of events and behaviors related

to successful outcome is the subject of the next chapter. This search,

though extensive, is limited to first-order combinations of variables already

mentioned.

"




Chapter 5: A General Linear Model Approach

to Prediction of the Criterion
The earlier portion of this investisation was concerned primarily
with»the attempﬁ to construct an optimal treatment model based on the dis-
crimination of groups of patients receiving certain patterns of treatment.
The results indicated that while the groups were "significaﬁﬁly" separable,

in practical terms (i.e. apt predictions for individuals) they apparently

....... + mamavwahT A AmAsah
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Tﬁese findings prompted the initiation of a slightly different approach
to the problem. ©One of the causes of insufficient group separation was
probably the relative inability of the zero-order variables to account for
enough of the variance in the improvement criterion. Consequently the
appréach‘evolved'toward an investigation of strategieé’which might yield
information more closeiy related to the criterion. If such strategies
produced variables with a higher multiple correlation with the criterion a
return to attempting to separafe the treatment groups might be feasible.

In generai, the strategies involved weré Qariations of the general linear
model of predicticn.

Method ]
Eariier results suggesﬁed the origiﬁal selection of variables alomne

. have 1imited’prédictive power, but additionally,'discussion in ﬁhe last
chapter brought attention to the possibility of patterns or combinations
of behaviors and evénts being related to-hospitalization and outcomes The
‘search for predietive informafionvled naturally to the joint interactions
of the original wvariables as a beginning. '

Among the variaﬁles used, then, were the 36 variables in the final

selection from the earlier part of the investigation, together with two

new sets of varfables. The five treatment variables were initally included




this case'now 1189 in number) and finally to note the resulting increment
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(they could not be used earlier since the groups were divided according
to received treatments, while in this chapfer the undivided sample will
be examined).

The second new set of variables comes from the first-order interactions

. of the 41 already mentioned variables. The total number of these inter-

actions, if both forms of them (a x b and b x a) are‘considered, and they
afe as will be seen, amount to 1681l. These 1681 possible interactions may
be viguélized as the elements of a 41 X 41 matrix.

Qné set of rows of this matrix was eliminated. Interactions between
diagnoses and othe; variables (of the form diagnosis’x other variable)
would mot be meaningful duevto the mutually exclusive nature of the coding
of the diagnostic variables; if a person received diagposis A (coded 1),
the other diagnoses were not free to vary, but had to be coded 0. 1In this
manner the.matri# shrank to 28 x 41, or 1148 possible interactions.

When the stéb'of evaluating the.prédictive power of the variables and
their interactions was reached: seyeral stumbling blocks appeared. The
first, obviously, was the sheer size of the number of potentially valuable
interactions. Furthermore, as Cohen (1963) points out, the best way to
evalﬁate the interactions is to use them all at once’ 1in an equation. The
pfocedur; is to establish avbaseline of pfedictive power, represented by
the multiple correlation 6f the criterion with the variables before they
are combined, to then add the interéctions to ﬁhe'set of predictors (in
in the multiple correlation.  Among other reasons, this is the ideal pro-
cedure because it recognises that interactions may not meaningfully be
regressed against the criterion without the preéénce of the zero-order

components.



52

It is not presently practicable, however, to perform a multiple

regression over 2820 subjects with 1189 prédictors.

Rather than abandon this approach altogether, or submit to the terpting

impulse to guess which of the interactions might be useful, a systematic
method of evaluating all the interactions was developed, as follows. An
executable though still large regression equation might involve around 100
of the variables or so. With this and the form of the 28 x 41 matrix in
mind, together with the necessity for the components of the interactions
to be present in the equation, a practical and methodic compromise was
'deviséd.

The interactions could be examined in groups corresponding to rows of
the matrix. With this basic idea, the interactions were all examined, in
a series of 28 regression analyses. The reason for leaving both forms of
the individual interactions in consideration now becomes understandable;
each, one had ch;nces in two different regression equations to prové its
worth, So, while the method d;vised was not quite ideal, it allowed 2
fairly good look at a very broad range of interactions in a systematic
manner, |

fach of the 28 regression equations would, then, have consisted of
4i zero-order variables plus 41 joint interactions, or 82 predictors of
the improvement cfiterion, i1f it had not been for the second stumbling
block. 1In the first runs extremely small values were noticed for the
determinants of the correlation matrices on which the régressions are
based. These values meant that the matrices were essentially singular;
trustworthy evaluations of the interactions could ﬁot be expected.

The matrices were singular because sevgral rows or columns in them

had very nearly parallel sets of values, a condition arising in this case




from tﬁe presence in the matrix of two or more variables which were very
highly, but spuriously corfelated. For ex;mple, the variable "age" might
be in this relation to the interaction "age x educational level." 1In

. order to free the matrices from singularity it was necessary to examine
each of Ehem for such spu;ious and repetitive interactions_and to eliminate
them.

The actual practice of this precaution resulted in the substantial
reduction of the number of interactions. Approximately 507 of the inter-
actions were actually used in the 28 régreséion analyses:

A baseline against which to measure the power of fhe interactions was
determiﬁed. The multiple correlation between the 41 éero—oréer variables
and‘the criterion was .367. When analysesbinvolving the interactions were
done, any increase in this value would be explicable in terms of the group
effor£ of the interactions included. Among other items of information
about the regression, STE?PR, Fhe program used, provides a measure of the
significanée (an F test)>of each of the predictors in the equation.

.The best of the interaction variables in each of the analyses were
noted. The criterion for this, receiving an F value of 5.0 or greater,
roughly corresponded to a decrement in the multiple correlation (i.e. the
decrease expected if the variables had not been included among the pre-

' dictors) of .0016. |

An inspection of Téble 7 revealsbthat while a fair number.of inter-
.actions (23)_met this modest criterion, they and the other, less useful
interactions in the equations did.not collectively increase the baseline
multiple correlation very much. Nevertheless, evaluation of the inter-
actions was continued to the final stage.

"In this stage the interactions which had shown promise were combined




Table 7

Selection of Useful Ianteractions

Analysis i ' Multiple

No. Interactions® Correlation
0 (Baseline - none included) 367
1 sex plus source of admission, thought -
content, brain damage, drugs for physical
disorders, group therapy . 389
2 age plus marital status .374
3 marital status plus age ' .381
4 none .376
5 none .377
6 catholic/protestant plus stream of thought .381
7 none .371
8 employed status plus drugs for physical .382
disorders .
9 none ' .367
10 . involuntary admission plus depressive 375
. neurosis
11 none o .381
12 ' none ‘ .377
13 . none : . 369
14 none ’ .371
15 none ) ' . 377
16 none «372
17 v none ? ' .382
18 none ' .368
19 ' thought content plus trait personality .379
disorder
20 motor plus catholic-protestant and thought «382
content
21 - none ' : 371
22 orientation plus other diagnoses . 377
23 h none 4 .382
24 none - .369
25 anti-depressants plus stream of thought . 386
and thought content
26 drugs for physical disorders plus sex and .382
employment status
27 ECT plus chronic undifferentiated +.384 g
: schizophrenia, transient situational ' ’
personality disorder, anti-depressants

28 - group therapy plus sex and sociopathy . 384

8Listed are those receiving an F-value greater than 5.0.
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into one regression analysis for a final evaluation. As before, the
correlation matrix was examined for spurious values. Twenty-three inter-
actions began this final stage, but four were duplications and eleven had

to be rejected on the false-high inter-correlation grounds.

The eight interactions which survived these various tests were the follow-

ing paired combinations: sex and thought content, sex and brain damage,

sex and drugs for physical disorders, sex and group therapy, age and marital
status, motor activity and stream of thought, Catholic-Protestant and stream
of thought, Catholic-Protestant and motor activity. These eight remaining
‘interactions raised the baseline established by the 41 zero—order varlables
from .367 to .386>1n the subsequent regression analysis,

‘One of the objectives of this chapter was to find the centers of pre—
dictive utility among the zero-order variables as well as among their inter-
actions. As yet no elimination of superfluous variables in the zero-order
set has been madé. Perhaps the elimination of these would yield a'compact
set of predictors accounting f;r nearly all the variance accounted for by
the larger set.

The 28 regression equations were scanned for guidelines to choose zero-
6rder.variab1es by.. The established wés merelykthat the variable reach the
F value ;f 5.0 in any of the equations. 1In the selection process, however,
1t was noticed that a quite strong but not absolutely rigid reguiarity in
the relative strengths of the §ariab1es‘existed; those eventually selected
were over 5.0 in most of the runs and those not selected rarely budged c
from their lowly significancejlevels. A

A final series of regression runs then were completed to isolate the
smallest set of predictors accounting for Phe largest proportion of the

variance. The result was that 19 of the zero-order and two of the first-
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order variables (both those involving the Protestant-Catholic dimension)
were found to bé expendable in this new context with a multiple correlation
drop of only .01 from the baseline, to .376. Thgs 28 predictors remained
(see Appendix Table 4)., |
Certain of these remaining predictors are clearly the bulwark of the
relationship to improvement'in the hospital. Four of them stand out: sex,
employment status at admission, duration of the precipitating episode and
receiving group therapy. If their individual correlations with the criterion
faithfully reflect the direction of improvement, one should be a male
'employed at admission with a short episode who is giQen group therapy.
These variables stand in direct Individual relation to the criterion
except for sex. The zero-order effect of sex in the cpntexf of the last
equation is negligible. Its simple correlation with the criterion is also
the lowest of the four. In the twenty-eight runs, however, sex had always
been, a very sigﬁificant individual predictor. The explanation lies in this
variable's tendency to hand it; ability over to interaction terms. It will
' be recalled that four of the six finally useful interactions contain the
variable as a member,
6the; variables-contributed slightly less substantially than these -
four. These include age, diagnoses of brain damage and sociopathy and
receiving drugs for physical disorders. Although the simple correlations
with the criterion were quite ﬁild here, the improvement direction is
toward youth, brain damage and>drugs for physical disorders and away from t
sociopathy. —
A third order of contributing variablés had modest but definite and
regular effects. These include involuntggy admission, source of admission,

stream of thought, memory, diagnoses of depressive neurosis, trait person-—
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ality disturbance and addiction, and treatments of anti-depressants and
ECT.

The final set of 28 predictors was employed to develop a new system
of treatment.formulations. The paradigm remaiﬁed the same; the formulations
, were developed on two-thirds of the sample and a cross-validation was
attemptedbpn‘the other third. The difference was that the tool in this case
wés multiple regression analysis instead of discriminant analysis.

Thié procedure took two roughly equivalent forms, representing explora-
tion in the face-of uncertainty concerning their relative value. The first
method involved replacing the specific treatment variables with a dummy
variable for treatment group membership. The improvement criterion was
predicted seven times, eachbtime over the undivided sample using the regular
set -of prédictors plus one of the sevenvcolumns of the dummy variable, This
yielded treatment formulations associated with each of the seven treatment
groups.,

In the second variant, the/sample was‘divideq as previously into the
" seven treatment groups. The dummy variable was not used. The criterion was
predicted for eaéh group, and the raw score weights 6f the regression equa-
tioné, as In the first variant, were used to construct seven treatment
formulat;ons.

Results

The multiple reg:ession technique involving a dummy variable did not
prove praeticable; The seven raw score regression weight formulations %
developed were extremely similar; this resulted in nearly randﬁm assignment
of the patients to treatment.

However, the divided-group method produced results in the direction of

the hypothesis. When the cross validation sample had been recommended to

treatment according to divided-group recommendations (see Appendix Table 5),

.....
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133 of the recommendations coincided with the actual treatment réceived.
The regression weights comprising these fofmulations may be seen in
Appendix Table 5. The treatment variables were not used in this variation
because they were redundant, since the variation dépended on division of
the groups by treatment g}oup. An exception to this is group therapy, a
treatment which was not employed in the division. Cﬁriously, in the present
case no one from the biggest group (A) was recommended to his own group.
The mean improvement of the people recommended to their own group was
9.42, ﬁhile that of those who were not was 9.33. The F-ratio for the
diffefence of means was not significant, however.
Discussion
An overall look at the performance of classes of variables makes it
clear that background and treatment variables are more important in pre- "
dictiﬁg improvement than the mental status examination or diagnbses as
measured here. It is doubtful? however, that these latter classes.may be
completely dismissed without harming the efficacy of the prediction equa-
tions,

' or at

As was noted in earlier discussionm, Seaman's "external demands,'
least items which refer to extra-hospital behavior and events seem to be
very important., It might almost seem the hospital does not affect the
patient one way or the other as much as the individual himself and any
people close to him. X

The multiple gorrelations obtained in.this investigation have room for
improvement, certainly, but they are respec;able’considering the size and
diversity of a sample which includes the full range of diagnoses from addicts

and organically impaired people to the usual functional diagnoses. -Never—

theless, it is possible the criterion could have benefited from anéther,




equally regsonable.choice of components or weightings. ¥For example, the
post-hospital occUpatiénal status of the pétient was determined solely
from whét the patient said his plans were at discharge. Similarly, some
of the variables might have served the-criﬁerion better with slight or

" subtle shifts in the expléited implicit dimensions.

One set of interactions could have been expected tb perform better.

The failure of the treatment~diagnosis interactions to have much effect in
predicting improvement would seem to be indicative of a poor or vague inter-
relationéhip just where a strong and clear one is needed. The blame could
as well be laid the infancy of psychiatric therapeutics as the shortcomings
- of the diagnoses. 1In this study some attention has béenvgiven to the
phenomenon of psychiatric diagnoses, not so much to challenge ﬁhem as to
explore their meaning in relation to therapy and treatment allocation and
theirApotentialﬁgs pure predictive information. 4

This,exploration led to one particular series of regression analyses
worthy of mention. The observétion was made that the criterion had a higher
multiple correlation with essentially the same body of predictors in certain
instapces. Specifically, the baseline of .367 was exceeded by a surprising
margin (;anging up to .54) in each of the treatment groups when they were
individually examined. In fact when the treatment variables were removed
from the equation for the collective sample so that the body of predictors
was identical, the R dropped to just Below .32,

At first thesg findings suggested the‘treatment variables{ as the basi;
for the division into groups, were acting as moderator variables (Saunders,
1956). This seemed especially evident when it was determined that the
variables were less predictive when‘they were in zero-order or joint inter-

action form than when they were acting indirectly, as the basis for the




60

divisions.

However, the sample sizes of the groupings were naturally much smaller
than that of the undivided sample. An slternative possibility to the
moderator situafion is that the increases in R éimply reflected differences
in the two analyses in subject;to-variable_ratio. This hypq;hesis seemed
more likely when it was noticed the correlations were faifiy directly
related to sample size even among the treatment groups themselves.

The results of the second variant of the multiple regression technique
were eﬁcduraging,ras they mildly supported the hypothesis despite the
obstacles already mentioned. A_group mean multiple correlation of .42 for
prediction of impiovement was obtained (the range Qas .39 to .51). Though
fev in number, those persons who "received" the recommended treatment,

Pased on & set of predictors ranging from the strictl& demographié to mental
status at admission, cohventibnal diagnosis and combinations of these classes;
did improve moré‘thah those patients who received another treatment.

Specific areas which are n;w receiving attention, with the object of
lesseninglfheir weight as obstacles to a more clearly-focussed prediction
system, are the mental status observatioms, thé recording of treatments and
the ;ritgrion of improvement. A trial period of six months has been
authorized for a new treatment recording form which will include very
" detailed treatment information (specific drug, dosage, frequency) for the
patient on a sampiefday basis (i.e. approximately every 10 days of his stay).
Personal interviews with released patienfs are planned to clafify the con—:

ception of improvement.
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Table 1

Original Pool of Potential Profile Variables

70

Standard
Name Range Means Deviation "In Final Selection?
1. Sex 1 - Male 1.54 .50 Yes
, 2 -~ Female
2 Year of Birth (last 2 digits) 31.48 17.52 Yes
3 Marital Status 1 -~ Single 2.20 .89 Yes
2 - Formerly Married
3 ~ Married
4 Place of Birth 1 -~ Canada 1.12 .33 Yes
2 - U.S- ,U-Ko y
- Australia,
New Zealand
3 - Other
5 Religious Sects " 0 - Established .32 47 No
Protestant,
Catholic,Jewish
1 - Other
6 Established 0 -~ Protestant .27 .45 Yes
Religions 1 - Catholic
7 Occupationaiglevel 1 - Unskilled 2.35 .95 Yes
o 2 -~ Semiskilled
3 - Clerical, Sales
Skilled
4 - Professional,
Managerial
8 Employment Status 0 - Unsettled, .77 .97 Yes
at Admission Unemployed
- Retired '
1 - Regular Part-
Time,Seasonal d
2 - Full-Time,
Military
9 Educational Level - None - 2.96 1.01 Yes
» — Grades 1-4
Grades 5-8

- Grades 9-11

~ Grades 12-13,

" Vocational

Some University

- University Degree -

MW N O
f

o n
{

)




10 Involuntary Admission 1 - Informal, 1.50 .50 Yes
Alcoholic '
2 - Order in Council
Criminal,
Court Order

11 Source of Admission 1 - Private -1.25 .43 Yes
Physician
2 - Penal, Hospital,
Other Institution

- None .33 .88 Yes
Psychiatrist
- Cliniec, Other

Haand+nl
li\JDLJJ- - A

12 Previous Care

NSO
!

~ Under 1 week 4. 35 - 1.67 Yes
- 1-2 weeks

~ 3-4 vweeks

5 weeks-4 months

- 5 months-1 year

- over 1 year

13 Duratién of the
- Precipitating
Episode

SN
!

o
1

14 Precipitating Physical: Illness, 2.04 .58 Yes v
Factor T Pregnancy '
2 - Individual: ' o
Sexual,Marital, '
- Relative's Death
3 - Social: School,
Job, Unemployment,

Alcohol
15. Living Arradéémeht 1 - Separate or with 1.69 1.22 Yes
at Admission Spouse, Young
Children

2 - With siblings,
adult children,

" other relatives

- With Parents

- Group Living Home

or foster home

Penal or hospital

N i Y #w
1

16 Epilepsy - Not present 1.02 14 Yes

- Present
17 Social Class ' (see Table 1 in test) 7.66 - 2.36 Yes

18 Mental Status: 1 - Normal,appropriate 1.89 .32 Yes
Affect 2 - Flattered,anxious, '
inappropriate,
euphoric,depressed




Mental Status:

A

Normal

72

9 1 1.57 .50 Yes
Stream of Thought 2 -~ Slowed, speeded,
disconnected,
bizarre,clouded
sensorium
0 Mental Status: 1 - Normal 1.49 .50 Yes
Thought Content 2 - Delusional,
. hallucinated,
obsessed,phobic
1 Mental Status: 1 - Normal 1.54 .50 Yes
Motor Activity 2 Overactive,slow,
bizarre,inadequate
2 Mental Status: 1 - Normal 1.77 <42 Yes
Behavior 2 -~ Compulsive, anti-
social,aggressive
'3 Mental Status: 1 - Normal 1.10 .30 Yes
Orientation 2 - Disoriented ’
4 Mental Status: 1 - Intact 1.14 .35 Yes
Memory 2 - Impaired
'5 Brain Damage ' .082 .27 Yes ‘
26 Involutional Psychosis ' .033 .18 Yes . :
. — (For each patient, :
27 Affective Reaction ' .073 .26 Yes
= 1 -~ his initial _
28 Chronic Undifferentiated diagnosis .032 .18 Yes
‘ Schizophrenia
0 -~ all other _
‘29 Acute Schizophreaila diagnoses) .054 .23 Yes
30 Paranoid Schizophremia .099 .30 ' Yes
31 Other Schizophrenias v , .022 .15 Yes
‘32 Depressive Neuroses 245 - 43  Yes
33 Other Neuroses : .079 .27 No
34 Personality Disorder: ’ A ~.062 $24 . Yo
Trait Disturbance
35 Personality Disorder: ' 035 .18 Yes
Pattern Disorder ' :
36 -Personality Disorder: .038 .19 Yes

Sociopath




37 Addiction
38 Personality Disorder:
Transient Situational

Reaction

39 Other Diagnoses

.011

061

.076

.10

.24

Ce27

73

. Yes

Yes‘

Yes




Table 2

Profiles of Successful Groups

Standard Coefficient
Variable Means? - Deviation® . of Function

* Sex 1.435 .496 _ 7.997
/ 1.385 488 8.192
' 1.648 479 - 8.212
1.436 .497 - 7.934

1.446 .498 8.257

1.714 454 ’ 8.638

1.665 473 8.644

Year of Birth 30.730 15.559 : .162
28.587 18.055 _ .159

28.652 16.585 .160

32.946 11.144 ) 172

34.109 15.103 .163

28.479 18.561 ~ .163

34.013 20.494 - .179

Marital Status 2.198 .889 6.169
> 2,175 .871 ) 6.282

2,488 .756 6.260

2.062 . 954 6.280

1.990 - .890 6.026

2.420 .818 . 6.131

2,329 .872 6.275

Place of Birth 1.113 .317 9.629
1.111 .315 9,590

1.092 : «290 - 9.096

1.095 .293 9.598

1.145 .353 . 9.846

1.193 - . 397 .~ 10.071

l.146 .353 - 9.671

" Established Religion .303 460 1.536
«294 .456 ' 1.346

.232 .423 - 1.393

.362 .482 1.794

.223 417 o 1.093

235 .426 1.457

212 .409 1.204

Occupational Level 2,306 . 944 1.106
o 2.310 .965 . 1.127

2.556 ‘ .989 " 1,100

2,239 - 975 1.077
: 2.332 .898 .888
’ 2.471 .872 .939
o 2.446 .973 1.082

FFor the groups in vertical order: A,C,D,E,F,K and X
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Employment Status

.Educational Level

Involuntary Admission

Source of Admission

Previous Care

Duration of Episode

Precipitating Factor

.896
+643
1.000
.840
.907
<924
.807

2.871
2.921
3.084
2.905
3.109
3.101
2.968

1.533
1.619
1.272

- 1.707

1.570
1.294

1.478

1.243
1.337
1.132
1.243
1.404
1.185
1.225

.294

. 349
.340
374
.301
277
«320

4.317
3.984
4,512
3.959
3.824

4,479
4.399

©2.103

2.155

- 2.016

2.012
2.052
1.983
1.987

.988
.923
.998
.985
.985
1.001
.972

.499
487
446
456
496
<458
.500

.430
474
.339
.430
492
.390
<418

.838
.895
.896
.955
.843
.843
.822

1.744
1.872
1.529
1.653
1.992
1.506
1.497

1.744
1.872
1.529
1.653
1.992
1.506
1.497

.543
.688
.522
564
«528
«537
.622

1.714
1.510
1.707
1.688
1.710
1.679
1.598

2.029
2.134
2,129
2.094
2.184
2.157
2.043

7.186
7.083
6.642
7.222
7.365
6.332

7.099

8.130
8.534
7.835
7.933
8.994
8.229
8.233

e 318
-.262
e 189

-.231

_0306
e 356

2.389
2.284
2.480
2.245
2.263
2.459
2.456

8.865
9.047
8.700
8.618
8.603
8.692

8.689
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Living Arrangemenf

Epilepsy

Affect

Stream of Thought

’Thought Content

Motor Activity

1.695
1.778
1.348
1.893
1.938
1.370
1.538

1.008

~1.063

1.004
1.004
1.005
1.008
1.032

7.484
7.540
8.196
7.383
7.772
8.042
7.861

1.856

1.802
1.956
1.967
1.679
2.000
1.927

1.473
1.552

1.524

1.848
1.295

1.782 -

1.604

1.481
1.512
1.276

1.881

1,155

©1.580

1. 475

1.424
1.516
1.520
1.786
1.238
1.840
1.623

1.274

1.362
.866
1.329
1.387
.822
1.9040

.087
.244
.063
.064

072

.092
.175

2.346
2.414
2.399
2.540
2.220

©2.334

2.307

.351
400
.206
<179
468
.000
.260

.500
.498
.500
. 360
<457

415

.490

.500
.501
<448
.325
.363
496
.500

.495
.501
.501
411
427
.483

.498.

2.541
2.625
2.501
2.640
2.616

2,473

2.545

58.390
60.741
58.530
59.035
57.881
59.134
60.070

.488
.503
538
.493
.591
.552
«534

17.216
16.695
17.746
17.324
15.926
17.464

17.308

-.873
-.716
~-.542
~-.521
-.622
-.490
~-.761

7.260
7.126
6.615
7.910
6.429
7.704
7.258

.637
.908
912
1.427
.368
2.040

1.373
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Behavior

Orientation

Memory

Brain Damage

Involutional Psychosis

Affective Reactioh

1.753
1.683
1.804
1.922
1.554
1.924
1.772

1.089
1.210
1.040
1.206
1.047
1,076
1.073

1.121
1.282
1.036
1.193
1.078
1.076
1.149

.092
. 302
.032
.025
.098
.000
.038

.014
.016
.060

.016 .

.010
.118
.076

074
.056
.056
.062
.021
.160
.085

Chronic Undifferentiated.035

Schizophrenia

.036
.020
.045
.000
.034
.022

.431
466
.398
<269
498
<266
420

.285
.408
.196

406

.211
.266
.260

. 326

451
.187
. 396
<268
«266
.356

.289
460
.176
.156
«299
.000
191

<117
<125
.238
<128
.102
«324
.265

.261
.230
+230
.241
.143
.368
.280

.184
.186
.140
.208
.000

.181

147
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- Acute Schizophrenia

Paranoid Schizophrenia

Other Schizophrenias

Depressive Neurosis

Personality Disorder,
Pattern Disturbance

Personality Disorder,
. Sociopathy

Personality Disorder,
Transient Situational

.047
.052
. 004
.206
.005
.034
.066

.095
.067
.016
.321
.005
.050
.092

.020
.024
.004
.054
.005
.000
.022

.152
111
.584
.070
.197
471

2373

.078
.048
.052
.008

0124'
.000 -

.051

.038
.028
.012
.004
<114
.008
.006

.081
.032
.040
.012
.207
.000
.051

213 5.031
.222 5.796
.063 5.531
.405 8.960
.072 4.761
.181 5.971
.249 6.719
.293 4.706
.251 5.236
.126 5.251
468 8,284
.072 4.589
.220 5.639
. 289 6.132
.140 5,858
.153 6.802
.063 6. 302
.225 8.445
.072 5.914
.000 6.005
147 1 7.309
.359 9.900
.315 10. 309
494 13.005
.256 10.793
.399 10.577
.501 13.044
484 12.350
.269 10.224
.213 10.265
.222 11.035
.091 10.328
.331 11.327
.000 10.855
.220 11.231
.192 18.946
.165 ©19.197
.109 19.726
.064 19.532
.319 20.937
.092 20.599
.079 19.749
.273 15.112
.176 14.919
.196 15.566
111 15.058
.406 17.551
.000 © 15.480
.220. 15.907
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Addiction

Other Diagnoses

.015
.036
.004
.000
.010
.008
.016

<063
.083

036

«119
.088
.084
.051

.123
.186
.063
.000
.102
.092
.125

.243
.277
.187
«325
+284
.279
.220

17.639
20.239
17.881
17.970
17.393
19.250
19.386

7.255
8.101
8.343
9.021
8.001
9.343
8.459
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