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Preface 

The present monograph reports a part of a more comprehensive 
project concerned with the ability structure of bra.in injured patients. 
The study was carried out at the Institute of Occupational Health 
(Head: Professor Leo Noro) and financed by grants Nos. M-3595 and 
MH-6054 awarded by the National Institutes of Health, Public Health 
Service, U.S.A. This monograph amounts to a final report on the work 
done under grant No. M-3595. The next volume will deal separately 
with the problem of localization of brain injuries and the interrelation 
between location of injury and performance. 

It goes without saying vhat no kind of comprehensive, fundamental 
researdh is possible without an adequate ,institution, equipment and 
tra-ined research staff. The present writer is particularly glad to 
acknowledge the generoru5 and favourable aittitude assumed by �he 
Institute of Occupational Health even toward the investigation of 
suc:h problems involved -in the project - which is still to be continued 
- as cannot be immediately assessed from the standpoint of their
practical utility.

During the early planning phase the present writer had an op
portunity to discuss t'he problems of ,tfhe s�udy with Professor Niilo 
Maki. The exchange of opinions on t'he starting points and objects of 
the diagnostics of brain ,injuries proved extremely useful from the 
point of view of the present investiga�ion. I am also gratef.ul to him for 
the critical remarks he advanced concerning the methodology of 
testing. 

At the Institute of Occupational Health many of my colleagues have 
given me valuable help in the course of the study. The numerous 
discussions during the planning stage of the study with Dr. Jyrki Juur
maa, Dr. Toivo Pihkanen and Mr. Aarne Sipponen on the theoretical 
problems involved were highly valuable. The practical execut:ion of 
the study would· have been far more difficult without the alert as
sistance given to me by •Several of my colleagues. In this context I wish 
to make particular mention of Mrs. Rauni Myllyniemi, who carried 
out a major part of the testing dur:ing the first phase of the study, and 
Mrs. Seija Kivisto and Mrs. Kaarina Airikkala, who participated in a 
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great many ways in the testings and t:be treatment of the results during 
the second phase of the investigation. Mr. Kyostii Suonio gave a 
valuable contribution to the remolding of the material into a shape 
which faciliated its stati,stical treatment. 

The choice of the neurological variables for the criterion analysis 
was performed by Dr. Toivo Pihkanen. His contribution to the study 
has been invaluable, not least because-it was thanks to his active interest 
that the investigation of t1he series of patients could be carried out in 
a flexible and rime-saving way. Another neurologist who participated 
in the necessary re-rating was Dr. Pekka T,ienar-i; the discussions witih 
him also gave me useful impulses. 

Dr. Touko Markkanen has assi.stied t:he pr:esent wt1ioer ,in many ways 
in the statistical analyses of the research results. Particularly his ow.n 
active search for new methods and their further elaboration has 
turned to the benefit of the present project too. The contr,ibution of 
the Electronics Department of the Finnish Cable Company in the 
statistical treatment, and its flexibility in the introduction of new 
programmes, in particular, should also be aknowledged in this context. 

Coopera,tiion with the Rehabil,itation Gent-er of the Brain Injured in 
Sui>oia wa,s a-lso va'luable for �he stu<ly. My ,thanks are due tJO Mr. Matti 
Ristiluoma, and Miss Ella Andersen, ,in pariticu1ar, for the assistance 
they adva,nced for tl-ie execuvion of the study. 

The text of this monographs was translated and checked by Mr. 
Jaakko Railo and Mrs. Seija �iv-isto. It is my very agreeable duty to 
aknowledge the flexibility they also showed toward the changes and 
corrections which I had to introduce into my manuscript in the course 
of the study. 

The manuscript was read by Pmfessor Tapio Nummenmaa and Pro
fessor R. Oliavi Vi,itamak.i. 

I wish to express my sincerest thanks to all those who have aided 
me in the execution of -the project and in t1he preparation of this mo
nograph for publication. 

Last but not least I wish to express my very best thanks to my wife, 
who has supported me in a great many different ways during the differ
ent phases of this study. 



A. The Problems

1. Intr o du c t i o n

The present monograph consist of three parts, the first of which is 
a description of the problems, the second an account of the empirical 
investigation, and the third a discussion of the results. The first part 
describes the practical and theoretical background of the study present 
an outline of the problems, and gives a review of previous studies. The 
empirical study consists of two parts, the latter of which may partly 
be regarded as a cross-valiidation study of t!he former, eve,n though it 
also is intended to supplement the first part. In the empirical part an 
account is given of the data and of the treatment of the results. The 
results are discussed in brief. The discussion concentrates on three main 
themes. The first relates to the analysis the clinical (medical) criterion 
and to the possibil-ities of developing the criter,ion; the second is 
concerned with single tests as indicators of brain injury and the 
comparison of the results of the present study with those previously 
obtained; finally, the conclusions to be drawn on the basis of the 
results of the factor-analytical study are discussed. 

F11om the standpoitllt of test psychology, the problems of brain injury 
research are character.ized by practical needs. The basic aim has most 
frequently been to develop a diia:gnostlic method capable for di.f
ferentation between patients with different symptoms. The attempts 
have mainly been directed toward forming a test battery which would 
discriminate between organics and mental defectives, on one hand, 
and also between organics and psychiatric cases, on the other. In plan
ning rhe therapy and preparing a rehabilitation program, for example, 
.it may be essential whether some behavioral disturbance of the pll!cient 
should be considered functional or organic. On the other hand, dif
ferentaition between psychonemotics and organics may also be neces
sary •in practice. The a-ims have mainly been pursued in two ways, the 
first of which could be generally character.ized as detector (or indicator) 
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approach, and the second as »profile of patternanalytic approach». 
(Probably the best .known representative of the first group are single 
tests as Bender, Benton, Graham and Kendall, Kahn, Kohs, and 
perhaps Porteus; of the other group, test series or methods of Babcock, 
Hunt, and wechsler. Besides we may mention the TAT, Rorschah, and 
also other projective techniques, which in a way form a group of their 
own among these methods.) Psychometrically, from the standpoint of 
factoranalytic structure, there is no essentfal difference between these 
two approaches or the methods they make use of. Most of the tests 
used in the area are performance tests, whether they are used as single 
· d' L • r 1 . T . •  h d•rr m Kators or as suutests rn li. ili.ClOf lt:Sl Pci.tlt:ty • .u1 prac.:nc.:e r e 1rrerence
between them would seem to be the fact that several single tests of
that kind are relative free from the effects of intelligence or they can
be developed into such. Within the latter approach, instead, attempts
are directed speoifically toward the measurement of particular sub
dimensions of intelligence and the drawing of conclusions on the basis
of differences between these suhtraits or dimensions. The concepts
»hold» and »don't hold» are central in the terminology of this ap
proach. (The test »holds» if it seems to be unaffected by brain injury.)
As to pract,ical diagnostic work, fr can be asserted that at best these
types complement but do not exclude each other. Perhaps it must also
be stated that on t'he basis of many results these single indicators can
by no means be considered so free from t'he effects of intelligence as
they have been assumed to be. On the other hand, tests measuring
intelligence may also prove sensitive to factors other than intelligence,
which is apt to increase their unreJ.iability and inappropriateness for
their original purpose. For these particular reasons information about
the structure (i.e. structural validity) of the test batteries may be
regarded as the most essential (Cronbach and Meehl, 195 5 ). This holds
tme, above all, to the extent we wish to examine the validity problem
of this area as a theoretical problem.

Structural analysis of -interindhnidual differences is also important 
with regard to the validity of practical diagnostic work. It may reveal 
to us some structural inconsistencies which otherwise are diff.icult to 
discover and which may give t1ise to confusing discrepanc-ies in our 
results. As an example -illustrating the problem we may present the 
Memory-for-Desing (MFD) Test developed by Graham and Kendall 
( 1946), a typical single fodicator tesit. It is generalty assumed ,that a 
poor result on this test is due to poor memory. Think, now, that we 
str-ive :toward developing this method in practice. Assuming, for 
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instance, that by making the test more difficult we are making the 
performance on •it even more dependent on memory. Conscgvondy 
if we make the test more difficult, we expect that the brain-injured, 
who generally perform inferiorly on this test, give an even more 
inferior performance compared with a control group. However, this 
may .not happen; the result may point to an opposite direction (in terms 
of standardized values, of course.) - As a basis of this expectancy we 
may here refer to some preliminary experiments with this test made 
at the Institute of Occupational Health. In a correlative analysis we 
observed first that correlation between visual tests and MFD-test were 
on an average sliightly (but not significantly) higher in the brain-injury 
group than in the control group. The results of a factor analysis 
revealed, however, a more distinct difference between the groups in 
that the variance of the MFD-test was apparently more closely related 
to visual factor in the brain-injury group than in the control group. 
An attempt was therefore made to diminate the possible effect of 
visual factor by matching the two groups in terms of that factor with 
the result that the difference ,in mean performance between the brain
in jury and control groups became immaterial. - The most appropriate 
interpretation of ,the result seems par,adoXiical: the greater oontdburion 
of ,spatial ability to the variance of MFD-test ,in the brain-injury group 
would seem to result from the fact that the test actually is, on an 
,average, somewhat more a test of memory for a brain injured subject 
(Because the ability to recall visual images is declined on the average.), 
while to the members of the control group the visual component of the 
test is so simple that ,in the process of memorizing there hardly exist 
any differences as regards perceiving or transposing gestalts. 

In practical diagnostic work this paradoxical situation may manifest 
itself in the fact that the test generally discr,iminates between brain
.injury and control groups. It does so partly because some brain-injured 
patients perform inferiorly on it due to their poor visual ability, and 
some because of their poor memory. In other words, because the test 
in question is one on which satisfactory performance is dependent on at 
least two factors, statistical differences between deviant and control 
groups can occur more easily. But undoubtedly the discrepancies among 
the results of diffe-renit �nvestigaitors is partly due to the same reason. 
Now, of course, it may be pointed out that with regard to practical 
diagnostic work it would not matter very much whether the unsuc
cessful performance of the brain-injury group is due to one or two or 
any factors, if only ohe stat>istical difference between the means of the 
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groups would repeatedly occur from one study to another. This may be 
true, say, �n that simple case we had to test a patient of whom we 
knew b e f o r e to what diagnostic category he belongs. But if we are 
asked to determine to what diagnostic category the patient most prob
ably belongs which ·is, as a matter of facts, the more common problem 
we arc faced with, we plainly ought to knuw what we are measuring. 
In my opinion, a long practical (clinical) experience may prevent us 
from making wrong decisions due to causes of this kind, but it seems 
to me, further, that in this area psychometric investigation can compen
sate practical experience to a considerable extent. 

Fimlty conclusions as to test structure, like me k!ind mentioned above, 
are naturally even more fatal when conclusions are to be drawn on the 
basis of simultaneous comparison of several test results. Particularly 
this kind of comparison has from the very beginning been central in 
the problem area of the test-psychological brain-injury research. The 
use of the concepts of »hold» and »don't hold» !is naturally based partly 
on the assumption that we know the meaning of the concepts, that 
we know what holds and what does not hold. Considerfog how much 
these concepts have already been used and how many different indices 
can be calculated -in their connection, it is surprising to observe, how 
little attention has been pa,id to the information we have on the 
structure (in terms of ,individual differences) of the comparable subdi
mensios of these subtests. With a few exeptions (of these, Cohen, 1952 
must be mentioned) this essential matter has largely been ov,erlooked. 
To illustrate the matter with an example, we could mink, of some 
index based on a comparison between a memory-reproduction test and, 
say, a test of v,isual ability. Then our differennial diagnostics are in a 
way based on the fact that either there exists a difference between these 
contributing factors or there does not. As far as any differences are 
discovered between contributing factors of this kind within one indi
vidual under normal conditions, they are assumed to result from the 
different degrees to which these factors manifest themselves in this 
person. From this point of view I would consider most essential to 
obta,in information about the underlying factors upon which perform
ance on these subtests depends. Someone may again point out how 
some subtest pattern analyses of this kind can be justified as diagnostic 
methods and be vaUd in spite of the fact that we hardly know 
anything about the underlying factors the tests are based on. The 
accuracy of the method, however, is alw�ys only probable; Thus if we 
do not know about various sources of error or factors which may 
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contribute to the differences or similarities present - in this case, for 
instance, sex could be one - we cannot get a very valid result in the 
individual case. - Sex differences particularly may emerge dominantly 
on some spatial tests of that kind. (For example, because women's 
performances are slightly, though significantly, poorer than those of 
men, their scatter on spatial-ability tests may prove smaller because 
some other factor whose contribution to the test variance iis consid
erable has much more significant effect.) Then, on the other hand, the 
individual degree of difficulty of the test may also lead to faulty con
dusions - particularly because we know nothing about the premorbid 
or pretraumatic level. - According to may personal opinion, the 
profile method or patternanalytic method or whatever it may be called, 
may prove to be one of the most profitable tool in the future. Its 
advantage lies, above all, in the fact that an individual's performance 
is compared with his own performance; it is as if he were his own 
control. For that reason I consider of great importance such funda
mental work which, on one hand, enables us to discover various factors 
possibly leading to differences of test structure with different groups 
of -individuals; and, on the otiher hand, to carry out variiations and 
modifications of tests so that still greater parts of variances of tests 
in different groups may be explained by referring to the same factors 
in those groups. If there ,is reason to assume that performance on a 
certain tests depends on different factors in different dinical groups, 
it is questionable whether this kind of comparison, or any kind of 
profile method where those tests are contributing factors, is val,id from 
a scientific standpoint. As a matter of fact, the problem in question 
therefore is the same central one, modm operandi, to which already 
Goldstein in this time paid much attention from a general point of 
view. 

In the field of factor-analytic research, especially as far as the study 
of vocational fitness was concerned, the emphasis previously placed 
on the significance of the factorial purity, or unidimensionality has 
been sharply criticized among others by Super, who has endeavored 
to demonstrate that the validities obtained with unidimensional tests 
are lower than those arrived at by employing multiidimensional tests 
(Super, 1960). Therefore, there is reason to emphasize in this con
nection that the foregoing requirement that the variances of the tests 
within different groups should be accountable through reference to 
identical factors is not the same as the requirement of unidimension
ality. What is desired is that the factorial structure of the tests, even 
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where more than two dimensions are involved, should be appro
ximately similar in different groups. In point of fact, wJthout such 
stmctural analysis it is impossible for us to know whether the subtests 
which may now differ from one other to some extent ought to differ 
even more (compared with other subtest-differences appearing in our 
profiles); and, on the other hand, whether the tests which do not differ 
from one another in our profiles now, behave in this way simply 
because they are measures of same factors and not, as we assume, of 
different factors. Further, it is quite obvious that this kind of knowledge 
of the structure tends to increase the probability of hits in ind,ividual 
d1nica!l caises. This kind of a.nal,ysis of factorial structures forms, 
within the field of dinical psychometrics, part of the laying of foun
dations that is only at its initial stage at present. The purpose of the 
present study is to contribute toward the exploration of one of the 
central problems in that field, i.e., the extent to which factor-analytical 
tests obtain loadings on identical factors in different groups, namely in 
brain in jury and control groups. A more detailed account of the set of 
problems at hand is given in the following section. 

2. T ·h e P r o  b 1 e m s  o f  t h e  St u d y.

As stated in the introduction, the problems of the srudy may be 
divided into two groups: 

- Problems related to the ,identity of the factorial stmcture of the
test battery;

- Problems related to the medical criterion of brain injury.

The basic assumpt,ion ,is t'ha,t .the variance of the tests is not de
pendent on the identical factors in different groups. And, on the other 
hand, it is assumed here that the traits characterizing brain injury, 
such as severity, duration, etc., can be considered separately and in
dependently from one another. Consequently, the study is correlative 
in nature, a study in which certain test variables are compared with an 
outside criterion, brain injury. Nevertheless, main attention will not be 
focused on the validity problems (the ability of the tests to predict the 
criterion), but, instead, on the inter-individual differences occuring 
wit'hin the groups in regard to both criterion and test behavior. 
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The main group of problems is formed by the questions concerning 
the identity of the factors. The problem may be formulated as follows: 
To what extent can the interindividual differences within the brain 
injury group, on one hand, and within the control group, on the other, 
be accounted for in terms of identical factors? Or, in other words, to 
what extent do the brain injured perform the tasks of the test situation 
by means of the same factors as the individuals in the control group? 
This set of problems also ·involves the question of the number of factors 
in these groups, i.e., the degree of differentiation, and, on the other 
hand, the question of the extent to which the factors themselves are 
identifiable. 

To investigate these problems, use is made of a test battery consisting 
of so-called factor tests, whose factorial structure in normal groups is 
known and whose reliability has also proved sufficient. The study is 
chiefly concerned wiith the following dimensions: verbal compre
hension, verbal fluency, numerical ability or mathematical reasoning, 
visual ability, aimi-ng psychomotor speed, and perceptual speed. The 
battery ,includes, in addition, a number of special tests mainly related 
to perceptual speed (maze, color .naming), as well as other single tests 
which in previous studies have proved to be indicators of brain injury 
(MFD and SAET). 

J.nvestigatiion of this set of prob1ems pre.supposes that detaiiJed
attention be also accorded to the realiability and relevance of the 
criterion dimension on the basis of the neurological measurements 
available. Here, instead of an effort being made to take into account 
all the circumstances possibly bearing on the clinical condition, the 
study is restricted to a single dimension in respect to which interindi
vidual differences within the brain injury group are assumed to occur. 
This dimension is the degree of severity of brain injury, and it will, in 
a sense, represent brain-injurdness in the present study. Accordingly, 
it is assumed that all the other factors are distributed randomly among 
the subjects - an assumption to be checked in later studies. (Vol. II.) 

The study is of an orientating nature; Attempt will be made to apply 
different methods of analysis to the criterfon dimension and to the test 
dimensions. Severity was chosen as the first criterion dimension of 
brain i.njury because of its general significance, and also because the 
available neurological variables were generally dichotomous, indicating 
merely the presence of the symptom. It was assumed that a sufficiently 
reliable and relevant dimension could be formed out of these subvari
ables simply by adding the raw scores together. Among possible trafrs 
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charac,terizing brain injury there are scarcely any other - with the 
exception of duration and, perhaps, the age at onset of ,injury - which 
can be quantified as simply as severity. It goes wiohout saying that the 
assumption of accumulation, on one hand, and the assumption of the 
random distribution of the other factors related to this abnormal con
dition, on t'he other hand, simplify the situaoion. 

But, according to the opinion of the present writer, to be able for 
example to describe the poss,ible qualitative differences between dif
ferent brain injury groups we are in need of a relevant reference system 
on which our descriptiion can be based. What we need first, then, is to 
map out a restricted number of reference rods, dimensions (neurologi
cal, socio-medical or whatsoever), which can be accounted for in order 
to explain the existing variance within the experimental and control 
groups. It should be taken into account, however, that despite the fact 
that we start w!ith the development of a severity dimension (for the 
reasons mentioned above) under the assumption of a ra.ndom distr,ibu
t:ion of other possibly relevant dimensions, we are, as a matter of facts 
foll aware of the complexity of the problem. The reasons for, that this 
part of our study will be published separately, are technical. Analysis 
of other dimensions of brain injury has been continued by trials of 
developing a location and duration dimension. The results obtained 
are, however, being published ,in the second volume of this report 
(see Airikkala, 1964). 

3. P r e  v i o us Stu d i e s Re 1 a t e d t o t h e Pro b l e m  s.

An increasing amount of research concerning braiin injuries has been 
done in recent years not only because of the theoretically interesting 
nature of the topic but also because of an ,increasing practical need for 
adequate methods of •investigation. Besides the two world wars, 
traffic accidents in particular, and also the more recent methods of 
psychiatric treatment, brain surgery, and so on, have contributed to the 
interest felt toward this f.ield. On the other hand, the heterogeneity of 
these extensive sectors has resulted, as it was already mentioned, ,in a 
considerable lack of uniformity in tihe field. Pract.ical needs have also 
tended to determine the theoretical starting points and objects. For 
example, the psychological study of the brain injured is largely colored 
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by the fact that after the first World War, investigators suddenly had 
to examine daily a large number of persons with focal injuries. It i,s 
possible that the greater probability of patients with focal injuries to 
survive has considerably influenced the theory formation of the area. 
It must be noted, -in any case, that the literature within the field :is so ex
tensive nhat any survey easily becomes •superficial. Being aware of this. 
the wrfrer intends to limit the following observations to a relatively nar
row sector, and deal only with three aspects. On one hand, an attempt 
will be made to consider the problems pertaining to the psychological 
study of t'he brain injured as a general criterion problem, and, on the 
other hand, attention will be called to studies where methods similar to 
those used here as single indicators of brain injury have been employed; 
moreover, a brief sketch will be presented to describe some (recent) 
factor- and pattern- analyt-ical studies and comparative analyses of the 
ability structure of the brain injured and its changes. 

a. Criterion of Brain Injury.

An increasing amount of attention is being paid to various classifi
cations characterizing braiin injury. No very extensive systematic ana
lysis of different traits has been carr.ied out yet, even though many 
investigators, e.g. Reitan, Morrow and Mar.k (Reitan, 1962; Morrow 
and Mark, 1955), have given consideration to many factors which 
should be taken ,into account in forming these criterion dimensions 
and in outli-ning grounds for selection procedures (extent, location, 
level (cortJical vs. subcor.oical), dominant vs. nondomi:nant hemisphere, 
etc. Moreover, type of condition - injury vs. disease, durat-ion, 
etiopathogenesis, etc.) The dif£iculty of mastering and controlling 
such a number of simultaneously operative factors has induced many 
investigators to prefer experimental design in which homogenity 
of experimental group forms iain essentioal oharacteJ.1istic. In ,this design 
two principles are important. First, that regarding the critical character
istic a distinct (maximal) difference should exist between experimental 
and control groups, and second, that differences within the groups as 
regards the other traits possibly connected whfoh the deviancy (trauma 
or lesion) are minimal. Appl-ication of this type of design has lead 
ii1nvesvigat1ors to prefer lesions and surgical:Jy operated cases which 
permit a reladvely exact determination of - at least - the material 
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severity of the deviancy. Thus, such an »experimental» injury as 
lobotomy has also been subject to a great deal of interest. A good 
example of these investigations is provided by Halstead's exceedingly 
well defined and clear-cut study (Halstead, 1947). Wolff, for example, 
recommends (according to Reitan, 1962) the following kinds of crite
ria: (a) accurate appraisal of the anatomic defect, (b) knowledge that 
other sites in the brain are not missing or, ,if they are, appraisal of t'hem 
that matches ·in accuracy that of the initial lesion, (c) knowledge of 
possible vascular and related disorders that might be confounding with 
respect to interpretation of the effect,s of the initial lesion, (d) know
ledge of mass remowed, within the limits of accuracy of acceptable 
avainable techniques, (e) the hemisphere not involved must be free not 
only of structural damage but also of dysfunction, including seizure 
disorder, (f) one function cannot be singled out for study unless the 
investigator has knowledge of the intactness of all other functions (such 
as ,sensory and motor funcdons, speech and language, adequacy of 
interpersonal relations, etc.) which may be related to the function in 
question, (g) the measurements and findings must be assessed with 
relation to each subject's background so as to assess the unique per•son
ality configuration that forms their context, and (h) knowledge must 
be available of the individual patient's environment following brain 
damage, including the full range and requirements of the adjustmental 
demands placed upon the patient. 

In describing these criteria suggested by Wolff, Reitan points out 
that in practice it -is extremely di.ffic-ult to meet them all simultaneous
ly, although this need by no means signify that we should give up 
investiigatiion. »Scientific knowledge accrues through a ser,ies of ap
proximations, and the balancing and corrective influences that operate 
in the scientific community.» Reitan further points out that no one has 
folly succeeded in applying Wolff's criteria, although Chapman and 
Wolff (Chapman & Wolff, 1959) have endeavored to do so. He fur
ther points out that such a set of independent variables may be difficult 
to identify validly. On the other hand, Jn practice the number of ambi
guous and diffuse cases is undoubtedly greatest within the group of 
patients which the psychologist is, for example, expected to differentiate 
into organics and nonorganics. At least at Finnish clinics this is often 
the m8!in need. Therefore it would be desireable that information on 
the validity of tests in distinguishing or indicating some possibly ge
neral characteristic, i.e. subdimension of brain injury would be avail
able. Here an opposiite experimental design may prove profitable. The 
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diffuse group is taken as such, and attempts are made to construct on the 
basi•s of var-iance within the devi,ant group unambigous dimensions of 
injury one at a time. As stated already, is fr necessary -tO assume then 
that the other contributing factors are distr-ibuted at random; but, on 
the other hand, by comparing the dimensions obtained in this way with 
one another and with certain outside criteria it gradually becomes pos
sible to gain knowledge about their content and relevance (validity). 
An excellent starting point for such an approach is furnished by the 
analytical technique applied by Rao - the so-called discriminance 
analysis (Rao, 1952). 

These two approaches do not appear to be mutually exclusive. What 
kind of advantage may then be expected from the use of ,the latter? The 
advantage probably lies in the opportunity of rendering the dimensions 
unambiguous and reliable, upon which they can be compared with one 
another in a relatively constant, unchanged form. This is important pvi
mai::ily because it may be possible that the relevant dimensions under
lying or characterizing brain damage do not all correlate linearly in the 
same way in different groups representing damage of different types, 
different durations, and different degrees of severity; as Reitan (op.cit.), 
for example, points out, depending on the psychologica:l constellation, 
the effect of an organic lesion may be different in different cases, even 
when the degree of severity -is the same. Consequently, these two techni
ques to obtain criteria for validation of psychological tests, for example 
at best complement each other. 

It would be ideal, of course, if the groups under investigation could 
always be ge.neraLly described in terms of a restricted number of actu
aHy re.levant dimensions, which could be used as a reference axis 
regarding the e�isting interindividual differences within the deviant 
group. By the a1id of Rao's method, the dimensions can, according to 
the present writers' opinion, be described ,in detail i·n terms of the relative 
weights of the component variables (anamnestic and neurological 
items) included in the ser,ies (for particulars, see the discriminance a
nalysis performed in connection wiitlh the empirical study, p. 37). 

Because no very systematic analysis of the various factors character
izing brai,n damage has been carried out for tihe time being, there is little 
guidance as to the kinds of neurological components that could be 
included in such a criterion dimension. There undoubtedly occurs a 
great deal of heterogeneity in practice too; ,it may be difficult to attain 
agreement on the basic var.iables that should be employed. It is true 
that some neurological methods have been paid more attention than 

2 
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onhers because of their greater objectiv:ity, but the results of EEG stu
dies, for example, have by no means been entirely free from contra
dictions. 

b. Psychological Tests as Indicators of Brain Injmy.

After much diversity in the beginning, certain types of tests are now 
dearly becoming dominant and favored in this field. The preferred 
types of tests may be div,ided roughly into four groups - eye-hand
coordination tests, various memory tests, perceptual tests, and concep
tual tests. A wholly separate group i,s formed by various tests variables 
which have not originally been developed for the purpose, but have 
been discovered, through some inoidental observation, to possess some 
degree of validity in regard to brain injuries, and have thereafter been 
employed as such. A typical example of the foregoing variables is pro
vided by the one based on an observation by Shapiro in 1951, a variiable 
consisting of the rotations observed on Koh's Cube Test or on other 
similar tests (Shapiro, 1951, 1952, 1953). Typical examples of the 
four principal test categories, respectively, are Bender's Visual Motor 
Gestalt Test (BGT), Graham and Kendall's Memory-for-Desings Test 
(MFD), the Spiral Aftereffect Test (SAET), and, perhaps, Kahn's 
Symbol Arrangement Test (SAT). 

There exists relat,ively great amount of literature on all the tests 
mentioned. The reader may be referred to Corman and Blumberg's 
smdy (1963), for example, where results obtained with the MFD, 
SAET, TMT, and BGT, among others, are reported. The results yielded 
by many of these tests are partly contradictory. Information about the 
criteria is given .in very few studies. In most cases, a neurologist's or 
psychiatrist's subjecti,ve assessment or diagnostic classification into 
organics and nonorganics has served as a criterion. Quite a typical 
cour,se of events i,s that a �est fi,s pubJ:1shed after the obta:inment of posi
tive, possibly chance, results upon which other investiigators attempt to 
apply the test some time later, with negative results only too often. 
Garr.et, Price and De.abler (1957) may be mentioned as an example. 
They obtained positive results with the SAET (and with the MFD test 
as well). Some time later, Gilberstadt, Schein and Rosen (1958) 
reached negative conclusions, and they regard the diagnosr,ic usefolness 
of the test as very limited. Page already came to a similar conclusion 
(Page et al., 1957) i.n 1957. ln connra.st, a posi-tiveopLnion of the SEAT 
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Js presented i.n the foregoing ar�ide of Korman & Blumberg (1963), 
although the authors state that the best test among those discussed is 
the MFD. As t·o the usefulness of the Bender Gestalt Test, Goldberg 
(1959) regards it as rather doubtful. Griffith and Taylor (1960, 1961), 
who experimented wiiith this test farer, stated that t1he rotaiclons have 
been »shown to depend at },east partly upon stimulus pmpenires». Hurt
hermore, Hannah (1958), has demonstrated the dependence of the 
errors upon the position of the stimulus. Mehlman and Vatovec (1956) 
advanced the view that the validity of the BGT in the differential 
diagnosis of organic cases is relatively poor. - In contrast, Aaronson 
(1958), for example, has demonstrated that the SAET results are de
pendent on intelligence; but he states, on the other hand, that this test 
is perhaps most sensitive to temporal-lobe left-hemi-sphere involvement. 
Aaronson was also the first to call attention to a distinction which may 
appear partic-ularly with the brain- injured; the phenomenal perception 
of the aftereffect of movement as such may be missing (absent) in some 
cases, whereas others may only be unable to give an expression for (re
port) their impression. Goldberg and Smith (1958) have found the 
spiral score to correlate w1th age to the extent of -.39, and they warn in
vestigators against an 1indiscriminate use of the test. A number of modifi
cations of these tests hav,e been published, and their scoring systems 
developed ,in various ways. Armstrong (1952), for example, has elabo
rated Graham and Kendall's MFD test (also the present writer has 
,somewhat modified ,the ot:ligii.nal MFD ,test for his purposes; for details•, 
see the empirical part of the study). As far as elaborations of the SAET 
are concerned, Scott, Bragg and Smarr (1963) and Sindberg (1961) 
should be mentioned first. Hannah (1958) and Mehlman and Vatovec, 
,in turn have published studies with a somewhat modified forms of 
Bender Gestalt test. A test developed by Yacorzynski (1950) may be 
mentioned as an example of concept-formation tests; the idea under
lying this var-rant is fairly ;applicable, and ,the rest ha,s yielded positive 
results also afterwards (see Altrocchi and Rosenberg, 1958). Further 
cross-validation studies are necessary, however, to confirm the results 
of these studies. 

Further, the Symbol Gestalt test published by Stein (1961) and later 
investigated by Parsons, Maslow and Steward (1963) is worth 
mentioning here. These investigators found the test appl,icable, 
although the proportion of false positives was high as 31 % . They 
suggested therefore that ,the test be standardized anew. 

Among the tests not belonging to the groups mentioned above, 
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reference ,should be made to the Trail Making Test, with which Reitan, 
among others, has obta;i1ned poSii,tive validity results. Furthermore, a 
Tactual Form-Perception (stereognosis) test (see Benton and Schultz, 
1949) and the Five-Task-test, FTT (see Buhler and Mandeville, 1956) 
have been used as means of differentiation. The MMG (metamegetho
graph) test, an interesting modification of the SAET developed by Scott, 
Bragg and Smarr, should also be mentioned. In this test, an attempt 
has been made to eliminate the influence of the patient's verbal level 
(1963). Cross-validation studies with negative results have, however, 
been reported (Sloan and Bensberg, 1951). 

Consequently, the field .is characterized by a considerable diver,sity of 
methods and inconsistency of results. The greatest deficiency is the 
absence of criterion data in reporting the results. Too often no infor
matrion js given about the actual cr-iterion of brai,n injury. Further, it 
should be menvi,oned that evien though some single indioator tests are 
based upon a theory of some kind most of the results obtained depend 
on comparatively inoidental observations; effors to make similar ob
servations with other group have often ended negat,ively. 

c. Pattern-or Profile-Analytical Methods.

A constantly expanding sector of -its own field of braiin :in jury research 
is formed by profile- and pattern--analyt,ical methods. A multitude of 
techniques have already been develop. It appears that the objectives 
and starting points of different investigators may differ greatly from 
one another. In his survey, Jastak (1949) divides the -investigators into 
two groups in terms of their points of deparature. In one group, the 
starting point is the assumption that mental disorders are refl.ected 
indirectly in the differrences between subtraits of the ability structure. 
The assumption underlying the wor.k of the other group is implicitly 
more narrow, in the sense that intraindividual differences in the test 
results as such are assumed to be symptomatic »without the medium of 
intellect». However, the difference between the two approaches is not, 
perhaps, so great as Jastak is inclined to think. Jastak, who counts 
himself among the supporters of the latter approach, prefers :it since it 
»assumes less and explains more». The first part of his assertion is
undoubtedly correct but in regard to the latter part, it may be pointed
out that the approach may lead to excessively general and, conse-
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quently, irrelevant »explanations». In my opinion, however, the differ
ence between the two approaches ·is merely apparent, from a theoretical 
point of view, so it does not me11it a more detai,led discussion in this 
connection. As I see it, all the investigators have basically had a com
mon starting point; they strive toward a more valid, extensive mode of 
descriptiion based ,upon unambiguous subtotalities whose reliability as 
interindividually drffferentiating dimensions can be establ,ished. Only 
by means of systematic validity investigation is it possible to find out 
sat,isfactorily to what extent an approach involves consciously or un
consc,iously introduced assumptions that are not tenable. 

In my view, the pattern-analytic approach provides a very useful 
methodological starting point for systematizing psychological diagno
svics which can bring it on a more objective and reliable basis. I would 
even be inclined to maintain that at this stage a direct, systematic 
mapping-out of characterological dimensions is possible only by apply
ing some method that relates in one way or another to the measurement 
of intrai-ndividual variance (i.e., a pa-ttser.n-analytic method). If certain 
i,ntraindividua,l di.ffere.nces on performence level between subdimen
sions which can be reliably measured interindividually are chosen as 
the objects of measurement, we can arrive at sufficiently general traits 
that not only possess descriptive value (clinically) but also inter-indivi
dual relevance which renders possible their quantitative analysis. - The 
method seems to have been welcomed with enthusiasm and put to quite 
an extensive use by clinical psychologJsts. This may chiefly be due to the 
fact that it provides, or at least appears to provide, a more precise basis 
than a mere »holistic» impression for diagnosis, without implying the 
application of narrowly psychometric principles. However, Jastak 
emphasizes - quite correctly - the significance of working out theo
retsical questions in regard to the development of multidimensional 
diagnostic methods of this kind. If such questions are not solved 
adequately, there is a possibility that the contradictory nature of the 
empitical results and a negative attoitude toward the hypotheses under
lying them graduaUy leads w a diffuse rejection of the entire method in 
a way which -is psychologically analogous to the diffuse manner in 
which the method now seems to be accepted despite the recurrent nega
tive results it yields. 

Actually Wells (1927) was the first who applied this method in 
practice, followed among others, by Babcock (1930). Perhaps the best 
known pattern-analytic methods developed so far are the following: the 
Mental Deterioration Index (MDI), sometimes referred to as the 
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Deterioration Quotient, which is based on Wechsler & Bellevue's test. 
From this index there has been developed the so-called Senescent 
Decline Formula or SDF (Caple, 1948), which is also based on the 
same test. The index derived from the Babcock-Levy test is called the 
Efficiency Index (EI). A further example is provided by the Hewson 
Ratios. Many of these indices are based ,upon the differences between 
two or more subtests, typically on the difference between a verbal and 
performance test scores like those of the Wechsler-Bellevue scale; there 
are also techniques in which the highest and the mean performances are 
compared with each other, and so forth. 

Further, a number of studies with the purpose of .improving these 
techniques may be referred to at this point; an example iis provided by 
Birren's (195 2) investigation. Especially detailed is Cronbach's analysis 
(1950, see Jastak, op.cir., 1953). DuMas (1952) and Allen (1948) 
should be mentioned in this connection; Allen has elaborated Wech
sler's method, though his resuks are not particu1arly convincing. Also 
Haggard (1958) deserves mention at this point because of his specific 
effor.ts to develop the mathematical basis of this type of approach. 

The results yielded by this method have not, however, been as posi� 
tive as many investigators favoring this approach have perhaps hoped. 
For example, it is noteworthy that Botwinick and Birren (1951) could 
find scarcely any correlations between the different indices, or the cor
relations present were low. They state, in fact, that much attention 
should be paid to the reliability of the subtests concerned and perhaps 
also to the excessive difficulty of the tests. On the other hand, the use
fulness of thi,s kind of approach on low levels of .intelligence has been 
criticized by Peixotto (1950), among others; Juckem and Wold 
. (1948), have reached a similar conclusion as to intellectually superior 
indiv,iduals, and they regard the Hunt-Minnesota Test as comparatively 
useless with persons of high intelleo�ual level (intellectually gifted per
sons). Magaret and Wright (1943), among others, have come to quite 
negatiive conclusions concerning the feasibil,ity of pattern-analytic meth
ods of .this k.ind :in general. Furtihermore, Wheeler and W.ilkins ( 1951) 
state that indices of the kind under consideration very often diagnose 
many normal persons as braiin injured. On t'he other hand, Hunt ( 1949) 
has discove1.1ed that these indices vary in quite a considerable degree as a 
function of age. And, further, Gibby (1949) was able to demonstrate 
that with many individuals scatter patterns between the first and second 
form of the Wechsler test differ greatly from one other. Quite negative 
conclusions have also been reached by Corsini and Fasset (1952), who 
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have expressed a desire that the se11ious clinical use of Wechsler's Men
tal Deterioration Index should be discontinued. Their attitude toward 
the method itself is positive, however, and they state that there may 
exist other, more useful indices, the Verbal-Performance Ratio (WPR), 
for example. 

All in all, one cannot help getting the impression that in developing 
indices of deterioration and impairment use has been made of fortunate 
incidents; the methods have been developed in the direction of better 
discr.imination between the brain injured and non-brain-injured in the 
particular sample under consideration. As a consequency, the investi
gators have only too often arrived at results which cross-validation stu
dy has not been able to confirm. This kind of procedure may well 
c-ontribute toward a gradual• weakening of favorab1e opinions on the 
usefulness of the method. A negaoive result of an entirely conclusive 
kind, however, is the one reported by Cohen (1952). On the basis of a 
factor analysis he made he was able to demonstrate that the subtests of 
the Wechsler or  WAIS can be explained in terms of different factors 
in different clinical groups in other words, persons belonging to dif
ferent clinical groups solve these IQ subtasks by the »aid» of somewhat 
different abilities. - Finally, an article of Gerstein (1949) should be 
mentioned in this connection; he considers, among other things, the 
possibility that Vocabulary, which is generally regarded as a »hold» 
variable, ,is only seemi•ngly stable - but .it is possible that the manner 
of definition itself has changed, although such changes cannot be regis
tered very accurately. In coming across results like these we need not 
think, however, that diagnostic methods of the .kind now under consi
deration should be given up. On the contrary, we must consider the 
possibil,ities offered by this kind of analysis for developing these various 
subtests so as to make them better measures of the same factors in d,if
ferent clinical groups, and thus have them fulfill their purpose in that 
complex series. One of the advantages of psychological tests is their 
sensit,ivity, which may make them downright irreplaceable in some 
situations as suffiioiently early indicators of certain alterations in the 
brain. The certain lack of reliability acompanying this sensitivity can, 
as I see it, be compensated at least in part by striving toward more com
plex methods of this kind in which the component factors, however, 
are suff.iciently unambiguous and reliable. In this way we may arrive at 
methods which are »complex enough to be adequate and simple enough 
to be manageable» (to cite Gronbach, 1950). We shall return to a 
brief considerati'On of these problems in the Di,scuss.ion sea-ion of this 
monograph. 



B. Empirical Study

For practical reasons, the empirical study was divided into two pans, 
to be referred to as Part I and Part II :in clJ.e following. Part II was carri
ed out after Part I, and partly,its purpose :is to be a certain kind of cross
validation soudy for checking some of the results obtained in Parr I. At 
the same time, however, it is meant as a for,rher elaboration of .the ideas 
underlying Part I; for example, some additional test variables were 
included for checking certain hypotheses. He-nee, the results are finally 
considered as an intergral whole in the Discussion chapter. As to the 
methods and subjects, for example, no difference of principle exists 
between the two parts; on the other hand, there are some practical dif
ferences. For example, the results of Part II were treated exdusi-vely by 
employing an electronic computer, a fact which contributed in some 
degree to the choice of the variables. However, this factor has not had 
any ,essential influence on the design of the experiment. Moreover, on 
the basis of the results of Part I, the scoring systems of some tests were 
akered, and some new tests (or tests formerly administered only to part 
of the subjects) were ,added to the test battery. In this sense Part II 
serves in a way to supplement certain ideas put forward in Part I. The 
specific problems dealt with in Part II have partly been modified from 
the problems presented in the foregoing on the basis of the results 
arJ:lived at in Part I.

1. M e t h o d s

a. Tests and Variables.

Psychological Tests. 

This -is a tests-psychological study which can be characterized from 
a methodological point of view primarily as a correlative and factor
analytical study. C11iterion variables are analyzed by the discriminance
analyoical method ,in ·order to obtain a severity scale of brain injury. 
Further, a compar,ison of the mean performances of two groups of brain 
injured -subjects and a control group are made to test the significance 
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of the differences observed in the test results. In the following, a brief 
account is given of the tests used. 

In the selection of tests, attention was paid to their hypothetical 
factor strucoure, on one hand, and to their capacity to discr.iminate be
tween the brain-injured and the controls, on the other. 

I. Complet-ion of Squares. On the left side of test sheet there is one
white figure upon a black background and on the right four smaller
figures. The S is required to reason which one of the four figures must
be combined with the larger figure on the left to make the latter a
complete square. 40 items. T,ime limit, 5 min. Variable: number of
correct items.

2. Pieces. On the test paper there are drawn figures of differing
shapes, each of which originally consists of two different kinds of
»pieces». From a total of five »pieces» available for choice, the S has
to indicate the two of which the figure is composed. Time limit, 6
min. 25 items. Variable: total number of pieces chosen correctly.

3. Word Group. On the paper there are 48 rows, each consisting of a
group of five words. The S is requested to indicate i.n each row the
word which does not belong to the same group as the four other
words. The grouping has to be done on the basis of the meaning of
the words. Time limit, 8 min. 48 items. Variable: number of correct
items.

4. Synonyms. The subject has to select from among five words the
one with the same meaning as the given stimulus word. Time limit,
5 min. 5 0 fr,ems. Variable: number of correct Items.

5. Opposites. The subject has to select from five words the one which
is just the opposite of the given stimulus word. Time limit, 5 min.
50 items. Variable: number of correct items.

6. Arithmetic Problems. The test consists of alternate rows of addition
and subtrac-tion problems with 10 items in each row. The figures to
be added contain two or three digits, and those to be subtracted, two
dJgits. T:ime 1,imit, 5 min. 100 items. Var.iab1e: number of correct items.

7. Completion of Ar,ithmetic Problems. The items are simple problems
involving addition, subtraction, multiplication, or division. In each
problem, one or more digits have been omitted. On the basis of the
other digits involved, the S has to fill in the empty spaces correctly.
Time limit, 6 min. Variable: number of digits filled ,in correctly.
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�- Information. A test of general knowledge and orientatiion, presented 
in multiple-choice form, with three alternativ,es in each item. 60 items. 
No time limit. Variable: number of correct answers. 

9. Memory-for-Design Test. This is a modification of the Graham
Kendall Memory-for-Desings Test. (Graham & Kendall, 1946.) The
modification is based on a pilot study in which it was found that some
of the brain-injured Ss tested made a number of errors of a peculiar
type. They might have recalled the figure otherwise correctly but one
part of it (or sometimes the whole figure) contrariwise, reverse in
respect to the original. Therefore, some of the figures in the original
test were replaced in order to obtain sufficient var.iance in this m�it.
It was hypothesized that if a figure seems to look more »concrete» in
a reversed form, the brain-injured Ss should reverse it more often than
the control Ss. The exposme time of each test figure was 5 seconds.
15 items. Variables: Number of reversals (two points for a whole
£igure, one point for a detail), and number of errors (including extra
deta1ls not appearing i:n the st,imulus, a,nd forgooten detait:s. In Part
II a different scoring system was adopted. A division of the or.iginal
items or test figures into specific parts served as the basis for scoring.
Reversals, errors, and omissions were ,scored per each part, not per
whole test figure, so the number of »it,ems» actually rose to 32.
Variables: number of reversals, number of errors, and number of
omissions.

10. Silhouette. The task of the Sis to draw below the horizontal line
a figure that is symmetric with the given silhouette contour line. No
time limit. Va11iable: number of reversals (i.e., one point for each
tiurning point of the contour line at which the S draws a line paralled
with rather than opposi-te to, the direction of the line in the model
pattiern).

11. Symmetric Drawing. Analogous to the above test, but vertical.
The model pattern r,esembles the half of an oak leaf. No time limit.
Var,iable: number of reversals (counted like in Silhouette).

12. Mazes 1 and 2. Two paper-and-pencil labyrinths. The most notable
difference between the versions is in their degree of difficulty. Maze 1
is comparatively simple, while Maze 2 is more complicated. Variables:
Performance time in 10 seconds.

13. Color Naming (Stroops Test). The test consists of three parts.
1. The S is required to read above as quickly as possible 12 rows with
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7 names of colors on each, all typed on a white cardboard background. 
2. The S is asked to call off as quickly as possible the names of the
colored dots painted in rows on a white background; the main colors,
besides black and brown, have been made use of. 3. The S is asked to
name as fast as possible the colms ,in which rhe same color names as
in Part I have been printed - not to read the names themselves. The
task is found difficult sinc,e Ss are indined to read the text instead of
naming the colors of text. Variables: 1. Time taken to read black text;
2. Performance time ,in naming the color of dots; 3. Blue-green
confusion in color naming; 4. Time taken to read colored text; 5.
Number of errors -in reading colored text; 6. Difference between the
time ,taken to read colored text and the time taken to read black text.

14. Spiral Aftereffect Test. The apparatus was essentially similar to
tha.t described by Price and Deabler (Price & Deabler, 1955). The
disc was driven by a noiseless DC motor at the speed of 90 r.p.m. The
test situation and the instructions used were similar to those described
by Price and Deabler. The spiral was first driven to ,the r·ight for 30
seconds after which the S had to report his percepoion. The same was
repeated to the left. The aftereffect perception of the S was scored as
follows: The S was requested to indicate the moment at which the
perception of th·e aftereffect stopped ( or the movement came to a
standstill). If the aftereffect lasted less than four seconds, a score of
0 was given; 1 point was scored for 5-9 seconds, and 2 point-s for 10
seconds or longer. In the second part (In Part II) of the study, t'he
duration of the stimulus was 20 seconds and 0 was scored for 0-4
seconds, 1 points for 5-10 seconds, and 2 points for 11 seconds or
more.

15. Dot Aiming. The S has to put dots in the squares of a checked
paper, placing one dot in each square. The S proceeds row by row, from
left to 11ight as fast as possible. Time limit, 50 seconds (in the second
part, 30 seconds). Variable: total number of dots placed.

16. Triangles. In the test paper there are printed small triangles,
connected with a line. The S has to proceed quickly along the line in
the specified direction and place a dot ,in each triangle. Time limit, 50
seconds (,in the seconds part, 60 seconds). Variable: Total number of
triangles marked (dotted).

17. Finger Tapping. The apparatus employed is a cylinder, 25 mm. in
diameter and 100 mm. in height. On the top there is a button which,
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the S, while holding the cylinder in his hand, has to press with his 
thwnb at the highest possible rate. Tapping speed ,is recorded for 10 
seconds, twrce for the right and twice for the left hand. Var,iable: total 
nwnber of tapping. 

18. Hand Tapping. The same apparatus is used as in the finger-tapping
test. The S holds the cylinder on the table, and the tapping is performed
twice with the left and twice the r,ight palm of the hand, each time for
10 seconds. Variable: total number of tappings.

In the course of the study, the test battery was augmented with 
tests measuring verbal and numerical memory. Because these tests were 
administered only to part of the subjects, the results will be published 
later. Likewise, an apparatus for measuring the perception of phe
nomenal color afr;er:images has been devised. A color projector for 
produoing monochromanic co1'or has been constructed. k was asswned 
that in the perception of the color after,image, wich is at least partly 
a central process, there would be differences between brain .. injured and 
control subjects. The results of this experiment have been published 
elsewhere. 

As the reader may have noticed the battery is composed of com
monly used tests. Further, almost every hypothetical factor is repre
sented by two parallel tests and the tests of unknown factor-structure 
are 1Usually composed of (at least) -two parts. We have, therefore, 
considered permissible to be content with the correlations between 
those parallel variables as approximations of reliabiliities of the tests. 
The mean correlation of the (parallel) ability tests J,s about 0,63 in 
the control group and about 0,60 and 0,70 in the first and second 
brain injury groups respectively. No considerable differences seem to 
exist either between the respect,iv,e c'orrelations in different groups. 
Among the correlations there is only one unsatisfactori-ly low (between 
variables pertaining to bilateral asymmetry of hands), but in general 
the reliabilities of the tests can be estimated to be satisfactorily high. 

Neumlogical Findings and Observations. 

From the rout1ne case records kept at hospital on each of the patients 
studi·ed, there were chosen twenty traits based on amnestic data or 
neurological findings asswned to be relevant from the standpoint of 
the dergree of ser,iousness of brain injury. (The selection was made in 
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cooperation with the neurologi-st of the Hesperia Hospital, Dr. P.ih
kanen). The following traits were regarded as essential: 

Anamnest.ic Data 

1. Sensory disturbances
2. Perceptual disturbances
3. Mood changes
4. Loss of consciousness
S. Aphasic distlllrbances
6. Pareses (paralyses)
7. Balance disturbances
8. Vegetative disturbances
9. Primary unconsciousness

Neurological Findings 

10. Mood changes
11. Aphasic disturbances
12. Percept-ual disturbances
13. Haptic disturbances
14. Pareses (paralyses)
15. Coordination disturbances
16. Reflex disturbances
1 7. Vegetative disturbances
18. EEG

19. X-ray examination of
cramum

20. PEG

The anamnestic data has been obtained, according to the hospital 
system, partly from patients, partly from relatives, and partly from 
earlier case histories. There also occurs some variance ;in this respect 
between hospitals. lt may be assumed, however, that this lack of 
systematization in method and the resulting error are distributed at 
random among the variables. The scoring of the traits were done on 
a two-point scale ( 1 or 0) depending on whether the symptom was 
present or not. 

b) Proceditres

Administration

All the tests were given individually. As special attention was to
paid to the achievement of positive motivation, testing was proceeded 
by an interv,iew, :upon which attention was given to the problems of 
the patient, and the value of testing emphasized as an aid in solving 
these problems. It took about three hours to carry out the test-ing and 
interv:iewing. With some patients, the test performance was used as a 
basis for vocational guidance. With others, again, the test result was 
a contributing factor ,in assessing capacity for work (pension). These 
differences possibly affecting motiv-ation may also be asimmed to be 
distributed evenly between the brain-anjury and control groups. 
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Statistical Treatment of Data. 

In the following a brief description is given of the procedures, 
statistical computations and analyses adopted in the course of tihe 
study. As mentioned already, the first and second parts of the study 
differ somewhat in respect to the statistical and other computational 
procedures. It therefore seems appropriate to give an account of 
each separate step of the study. The results of the computational 
procedures are given in the same order in the fallowing chapter. 

Part I. 

1. Criterion of Brain injury.

- Discriminance analysis - applied here for the purpose of ob
taining realiable unidimensional criterion (a sevetity scale) of brain
injury - calls for a basic selection of groups to be differentiated
from each other. Therefore the neurologist participating in the study
subjectively estimated .rhe degree of severity of the brain injury of
each subject on the basis of the traits listed above.

The ratings were made when 100 patients had been tested (see, 
»subjects», p. 35). Th'i,s sample c-onststied of both brain injured and
non brain ,injured subjects in randomly distributed proportions. For
each patient, information on the presence or absence of a symptom
in each trait was available. In carrying out the estimation, the neuro
logist was aware of neither the test results nor the diagnosis of the
patient. The rating was done on a four-point scale ranging from 0
to 3, according to the estimated degree of seviousness of the injury.

- On the basis of the resulting classification, a discriminance analy
sis was made to discover the extent to which the twenty trai,ts pre
sented are capable of distinguishing the extreme groups from each
other. Groups 0 and 2+3 (N=32+35) were included in the
anal,ys1s (for ,the di,stribu1t1i,ng of ratiing see p. 3 7). The a;naly,si,s wa,s
made by the method developed by Rao (op.cir., p. 246-250). On
the basis of the analysis a discriminant loading (coeff.ioient) was
computed for each subtrait. This indicates the relative share a trait
has in distinguishing the groups (here differing as to t:he degree of
seriiousness of i,njury) from one another.

- To test the reliability of the rating au other neurologist later
rerated of the sever.ity of the possible brain-injury of each patient in
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the same sample of 100 subjects. The re-estimation was made on the 
basis of the same information (see above) and -in the same manner as 
the original rat•ing. This time, however, the neurologist was first 
presented two extreme cases (one with severe injury, the other with 
1
none) in order to make the situation more relevant to him. The 
second neurolog:ist had had earlier contacts with only few of the 
cases. 
- On the basis of the discriminant coefficients obtained a severity
index was computed for each subject participating in the study
through multiplying by the respective loading each of his subscores
on the twenty anamnestic and clinical findings. (As only two al
ternatives could be used (symptom present - symptom not present),
the individual index was obtained simply by adding together the
values of the respective loadings.)

2. Validity Correlation between Criterion and Test Variables.

Following the formation of the criterion dimension, a prel,iminary 
correlation analysis (N=lOO) was made to examine the validity of 
some of the test vadables. This analysis was mainly concerned with 
the test var-iables that were assumed to be indicators of brain injury. 
The correlations contribute towards compler,ing the picture of the 
rel-evance of the criterion used, and on the other hand, conclusions 
concer.ning the diagnostic efficiency of the indicator,s may be drawn 
from them. 

For the computation of the intercorrelations, the raw scores on the 
t,ests and the criterion were transformed into normalized standard 
scores. The correlations are Brav.ais-Pea11son »product-moment» cor
relations calculated. 

r= 

according to the formula 
.2 

1:x . 1:y xy. N
------------

· i I' c�rx2 - (.2 x)2). (.2y2 - (.2 y)2

)
N N 

A mufoiple correlation (R) of all the test va11iables hypothesized 
to be sensitive to brain injury was computed by Murray's graphical 
estimation method (Murray, 1956). 

The results of an oriemative factor analysis based on the corre
lations mentioned were published elsewhere (Weckroth, 1961). 
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3. Comparison of the Mean Performance of the Brain
injury and Control Group. 

- From a to,tal of 260 -subjects tested (see »subjects» p. 35), and
,experimental and a control group were formed on the basis of the
discriminant loadings mentioned above (see a:l:So, Results, p. 37).
The inadequacy of the clinical records, a-nd the attempt to match the
groups in terms of -such factors as age, sex, educational and occu
pational status, etc. .narrowed the number of subjects ,in the groups
down to 70+ 70. The distribution of the severity indexes obtained
was also somewhat skewed so tha,t the majori-ty of subjects had a mild
injury or none at all.
- The means of the test results were computed from the primary
scores without any ,tranoforma:tion. The Stfl!nistical significance of the
means wa•s evaluated by Students Miest (McNamara, 1950). In reacti-on
rime, error, difference, and reversal variables a higher score implies
inferior performance, and on ability tests superior performance.

4. Comparison of the Ability Structures of the Brain Injury
and Control Groups. 

The following procedure was applied iin order to compare the 
factor structures of the two groups: 
- The intercorrelations of the test variables were computed sepa
rately for each group (N=70, in both groups). Pravais-Pearson's
product-moment coefficients were calculated using normalized stan
dard values. The difference variables (Nos. 12, 17 and 18) were
formed on the basis of the same values.
- The centroid matr,ix of the factor analysis was computed by
Thurstone's centroid method (Thurstone, 1953). The h ,i g h e  s t
c o r r e 1 a t i o n of each variable w a s u s e d a s ,a n e s t i m a ,t e
o f i t s c o  m m  u n a l i t y. In determining the number of factors,
the size of both the residuals and the factor loadings was taken into
account. Nevertheless, as the number of factors is of essential conse
quency .in the comparison of the factor structures of the groups, it was
considered inappropriate w rely upon the relatively subjective criteria
mentioned above. In determini,ng .the ,number of the factors, rrhe cosine
rotation method (extended cosine solution) developed hy Markkanen
(Markkanen, 1960) was applied.
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To rotate the centroid factors obtained, two different procedures 
were used, a) the extent cosine solution method, a,nd b) the varimax 
method (see Harman, 1960). The former was employed for the 
determination of the number of factors, i.e., the degree of different
ation of the factor structure of the group, on one hand, and for pur
poses of transformation a,nalys,is, on •the other. W-ith oblique ooluciorn;, 
however, the interpretation of the rotated factors may sometimes 
p11esent difficulties. This is why an orthogonal rotation by means of 
the varimax method was also performed. 
- To compare the factor structures of the two groups, a transform
ation analysis was carr,ied out in accordance with the method de
veloped by Ahmavaara (see, Ahmavaara, 1957, and Ahmavaara and
Markkanen, 1958). Through this procedure, the similarities and/ or
differences between the abili.ty structures of the groups are described
by expressing the factors structure of the brain injured in terms of the
rotated factor matrix of the control group. In the comparison, atten
tion ,is called on one hand to the number of factors or the degree of
differentation of the ability structure and, on the other hand, to the
extent to which the variance of the test variables can be explained Jn
terms of identical factors in both groups.
- Only the most essential variables were subjected to analysis. Some
var.iables were excluded from the series owing to the fact that they
were, test-technically, more or less dependent on each other (e.g., some
vat.iiables of the Colar Naming test). On the other hand, some tests and
vat.iiables, such as Blue-green Confusi,on and the Spiral Afcereffcet Test,
were excluded because their communalities with other tests appeared
to be very low, at least in the control group, due to the minimal
v.arii,ance; but al,so because the main object,ive was a compaDison of the
component factors of Jntelligence.

Part II. 

5. Continuation of the Analysis of the Factor Structures of the
Brain Injury and Control Group. 

Lo the cosine solution method the decision as to !)he sufficient num
ber of factors to explain the factor spare depends partly on the ortho
gonality vs. obliqueness of the axes. Therefore in the continuatfon 
special attentfon was paid to this issue. On the basis of principal axis 

3 



34 

matrix computed for (with) seven factors a number of matrices were 
computed varying the number of £actors (between 5 and 6), the deter
minant of the cosinus matrix (selecting the two most orthogonal solu
tions), and the level of communality required for a test to be selected 
to a factor test (accepting 0,40 and 0,50 respecti,vely). By this var,iat-ions 
attention is presumably paiid both to the reliability and common vari
ance of the test variables and to the degree of differentatJon of the 
factor structures in question. It was hoped that continuation of the 
analysis would give further information about the hypothetical factors 
which could account for the differences found in the first part of the 
study between the factor structures of the groups. 

6. A Discriminance Analysis of Anamnestic and Neurological
Findings with a Group of Severely Injured. 

- A cross-validation study of the discriminance analysis performed
during the first part was made on the basis of same measurements and
subtraits. Also the ratings were made by the same neurologist. The
traiits were re-analyzed because •in the original study the PEG, for
example, was not made to all subjects (depending on its extreme
characteristics as a clinical iinstrument). The patients not subjected to
this test in the original study because of clinical contrafodications were
recorded as PEG-negat-ive.
- It was also reasonable to hypothesize that -in a group of braiin
injured the results of the analysis could differ from the original results,
which were obtained with a group consisting both of brain injured and
of other clinical cases with no apparent signs of brain-injury.
- A group of 62 patiens (see »Subjects», p. 36), wi,th systematically
collected clinical record (concerning the twenty traits) were selected for
the second analysis. The group may be assumed - a priovi, - to consist
of more severely injured subjects because PEG in particular is a
selective factor in this respect.

7. Factor Analysis of a Group of Severely Injured

For the sake of comparison the means and standard deviations were 
computed for the test variables. The selection of the test variables to be 
included �n the second stage was done on the basis of the results 
obt,ained 1,n the first part of the study. 
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This t•ime the correlations were computed by using the raw scores as 
such. (All computational procedures were carried out on electronic 
computers.) Consequently some signs of the correlation and factor 
loadings are apparently inconsistent with the respective figures of the 
first part (where e.g. small number of errors or reversals were g,iven 
positive score.) 

The factor anlysis was performed by the principal axes method. 
Rotations wer,e made by varimax method. For the sake of comparison 
selection were tried with both five and six factors. On the bas,is of the 
results, however, a trial with four factors seemed also necessary. Thi,s 
rotation was made graphically. 

2. S u b j e c t s.

A total of 300 individuals were tested in the course of the study. The 
material was gathered (in the tlime of six years, 19 59-1964) in 
collaboration with the Finnish Red Cross Hospital, The Hesperia 
Hospital, and the Medical Department of the Institute of Occupational 
Health. 

The collection of material was carried out according to following 
Jines: 
- The pat,ients were tested before the determinanion of final clinical
diagnosis.
- When over one hundred patients (of whom about 40-50 % were
suspected to have -at least mild -brain injury) -had been tested a
neurologist of the team performed the estimation of the severity of
brain ,.injury of each subject (see p. 30). At this stage about twenty
patients were disregarded because of the insufficiency of either neuro
logical or psychological record. In general patients, who were not able
to perform a major part of the tests, were disregarded.
- The experiment group and the control group were formed when
260 paoients had been tested. To the brain ,injury group were included
the 70 subjects having the highest indiv;idual scores on the severity
index (computed on the basis of discriminarion analysis, see p. 37).
From the rest of the subjects an equal number of subjetcs were selected
to the control group. It was ,intended to form the control group as equal
as possible with the brain injury group with regard to such variables
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as age, occupational status, duration of -illness and sex. Of these traits 
age was the most prominent because in the rest of the sample the mean 
age was significantly lower than ,in the brain injury group. Twelve 
female patients were included in the brain •injury group and fourteen 
-in the control group (because of the relatively small number of female
subjects they were not treated separately in statistical calculations).

With regard to the etiopathogenesis the groups consisted of follow
ing subgroups: 

Traumatic ..................... . 
Vascular . . . . . . . . . . . . . . . . . . . . . . . . 
Epileptic ....................... . 
Toxicological ................... . 
Neurotic ....................... . 
Orthopedic deviancy . . . . . . . . . . . . . . 
TBC ......................... . 
Arteriosclerotic 
Lue tic ......................... . 
Schizophrenic . . . . . . . . . . . . . ...... . 
Multiple ....................... . 

Brain 

29 
20 
8 

5 

3 

5 

Frequency 
Control 

16 
2 
1 
8 

10 
3 
7 

2 

5 
16 

When in addition 40 brnin injured subjects were tested on additfonal 
sample was formed of the subjects belonging to the highest severity 
category. Sixtytwo subj,ects were included :i:n this sample (of these one 
third were included in the former brain injury group.) 

3. Re su 1 t s.

The results of the empirical •study are ,set forth in the same chrono
logical order as -the successive steps of the study were descr.ibed in the 
foregoing chapter, »Statistiical T.tiea:tment of Data» (pp. 30-35). In 
prinoiple, the empirical study consists of seven sequences, of which the 
first four from the first part, and the last three the second part of the 
study. 
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PART I 

1. Criterion of Brain Injttry. A Discriminance Analysis of Anamnestic
and Nettrological Findings. 

The frequency distributions of the rating of severity made separately 
and independently by the two neurologists are presented below: 

Severity 

0 no bra:in in jury 
1 mild .in jury 
2 medium degree of injury 
3 severe injury 

Total number of cases 

Frequency 
Neurologist 

A B 

32 

33 

22 

13 

100 

37 

31 

23 

9 

The second rater seems to have been somewhat »less severe» in his 
ratings, but no significant differences can be found between the mean 
rati-ngs. The correlation between the ratings was + 0.946, which 
indicates almost perfect agreement between the raters. (This result was 
preliminarily publ,ished elsewhere, see Weckroth and Pihkanein, 1963.) 
This agreement indicates ait least .that the choice of ·the subtraits may be 
considered adequate. 

The results of the discriminance analysis are presented in Table I. 

T a b l e  I 

Discriminance Loadings of Anamnestic and Clinical Findings 

Anamnestic Data 

motor disturbances (pareses, 
paralyses) 0.2297 

vegetative disturbances 
loss of consciousness 
primary unconsciousness 
aphasic disturbances 
sensory disturbances 
balance disturbances 
mood changes 
perceptual disturbances 

0.2186 
0.1724 
0.1127 

-0.0044
-0.0865
-0.1341
-0.1400
-0.1468

Clinical Findings 

pneumoencephalography 0.8511 
coordination disturbances (incl. 

fine motor dysfunction) 0.4847 
vegetative disturbances 0.4562 
reflex disturbances 0.4303 
perceptual disturbances 0.3841 
electroencephalography 0.3584 
pareses (paralyses) 0.1713 
aphasic disturbances 0.1504 
haptic disturbances 0.1072 
X-ray examination 0.0876 
mood changes 0.0398 
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The neurological f,indings proved to have more discriminatory signi
ficance in general than the anamnestic data, among which there were 
even negaioive k>adings. Thi<Si is obviously due to the fact itlhat the control 
group is largely composed of psychiatric patients, among whom percep
t-ual disturbances, mood changes, and balance disturbances may be 
quite frequent. Of the tra,its involved ,in the sever,ity scale constructed, 
the following are of the greatest significance: PEG, disturbances of 
coordination, reflex disturbances, vegetative and perceptual disturb
ances, and EEG. In addi·tfon, paretic signs and symptoms, attacks of 
unconsciousness, and neurologically established aphasic disturbances 
are of mnsequency. On the basis of the relative magnitude of the 
loadings it is possible to form a picture of how the severity scale to be 
employed as the criterion ,in the following is const1tuted. (A more 
deta,i,led report of the discr-iminance analysis and psychiatric rating of 
the severity of brain injury is presented and discussed in a separate 
paper, Weckroth et al., 1962.) 

It goes without saying that the difference between the index means 
of different groups formed on the basis of the discriminant loadings are 
highly signif.icant (P=0.001 between extreme groups). 

2. Validity Correlations between Criterion and Test Variables.

As ment-ioned before following the formation of the criterion dimen
sion an orientative study was made to examine the val,idity of some 
tests -included in the battery under the assumption that they are »:indi
cators» of brain injury. 

The intercorrelations and validity correlations of the test variables 
are shown Jn Table II. 

As shown in the table, all the vaJ.idity correlations are positive and, 
w1th the excep�ion of one, significant at the five per cent level. Atten
tion may be called to the unexpectedly high vaJ.id.ity of the simple reac
tion time of reading colored text (=naming the color of print), and to 
the low validity of the SAET. 

The ,intercorrelations are, perhaps, somewhat higher than expected. 
On the other hand, some of the var-iables assumed to measure the same 
underlying factor correlate in a rather modest degree with each other 
(see £.ex.reversal variables). Aga,in, it is noteworthy that the reversals 
of the Symmettiic Drawing and Si-lhouette tests correlate quite sat,i,s
factorily with the SAET. 
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T a b l e  II 

lntercorrelations and Validities of »Indicators» of Brain-Injttry 
N=lOO 

1 2 3 4 5 6 7 8 9 
1. Colored text, time 1 
2. Memory for Design,

errors 2 27 
3. Memory for Design,

reversals 3 33 47 
4. Blue-green confusion 4 33 27 22 
5. Symmetric Drawing,

reversals 5 22 19 46 29 
6. Silhouette, reversals 6 35 22 34 23 55 
7. Color Dots, errors 7 46 26 14 38 14 07 
8. Colored Text, errors 8 41 21 15 32 36 21 56 
9. Spiral After Effect 9 17 25 15 04 41 35 21 17 

Criterion 10 42 37 37 28 27 27 23 23 19 

The multiple correlation of all the test variables with the criterion 
attains the value of R=+ 0.740. It ca.n be concluded that the test 
variables together have some (status) validity to differentiate more 
severe brain injured from less severely injured. 

3. Comparison of the Mean Performance of Brain lnjttry
and Control Grottp. 

The means and standard deviations of the test results, as well as the 
differences between the means, are presented i,n Table III. 

The f,igures reveal that experimental and control groups were not 
equated perfectly on age; however, the difference between the means 
of the groups is not significant. Furthermore, the brain injttry grottp 
is inferior to the control group in all the traits withottt exception. Even 
though the differences are not significant in respect to all the traits, 
the tendency is general. The differences between the groups are highly 
significant with regard to the following test variables: Colored text, 
readi,ng time; Difference in time between reading black and colored 
texts; Word Groups; Dot Aiming; Triangles; »Pieces»; Colar dots, 
reading time; Opposites Memory-for-Designs, reversals; and Silhouette, 
reversals. On the orher hand, the smallest differences between the 
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Ta b l e  III 

Mean Performance of Brain Injured and Controls 
Significance of Differences between Means 

Group 

1. Age
2. Color text, reading time,

black text
3. Color dots, time
4. Colored text time
5. Diff; black text-colored

text
6. Completion of Squares
7. Word Groups
8. Arithmetic Problems
9. Dot Aiming

10. Information
11. Maze 1
12. Maze 2
13. Triangles
14. Finger Tapping
15. Hand Tapping
16. Pieces
17. Synonyms
18. Opposites
19. Completion of Arithmetic

Problems
20. Symmetric Drawing,

reversals
21. Silhouette, reversals
22. Memory-for-Design,

reversals

Brain injured Control 
D"ff N = 70 N = 70 1 er- c 

Mean SD Mean SD ence

41.96 13.35 39.10 10.68 2.860 1.3774 

p 

77.46 73.03 58.16 24.85 19.30 2.0788 5.0 
13.13 12.68 8.645 3.604 4.484 2.8246 1.0 
21.80 14.91 14.79 6.336 7.010 3.5956 0.1 

13.34 9.391 8.988 15.49 4.355 3.4165 0.1 
19.06 6.583 21.36 7.656 2.300 1.8932 -
23.43 11.54 30.00 10.91 6.570 3.4372 0.1 
30.79 11.67 35.05 13.55 4.260 1.9789 5.0 
50.13 16.85 59.89 15.22 9.760 3.5702 0.1 
44.93 9.843 46.72 8.979 1.790 1.1161 -
93.47 66.30 68.00 50.54 25.47 2.5381 2.0 
245.6 194.3 189.5 149.7 56.10 1.8998 -
71.74 21.85 88.36 25.38 16.62 4.1229 0.1 
77.80 14.50 83.87 17.76 6.070 2.2000 5.0 
108.0 19.21 110.6 23.24 2.600 .71630 -
15.00 10.55 21.91 12.43 6.910 3.5198 0.1 
18.11 11.25 20.32 9.815 2.210 1.2298 -
21.46 11.53 26.47 9.445 5.010 2.7925 1.0 

10.76 7.949 13.19 9.574 2.430 1.6225 

3.414 4.711 2.343 12.88 1.071 1.4284 
6.586 5.652 4.057 5.235 2.529 2.7281 1.0 

64.05 3.073 42.38 3.090 21.67 3.1087 0.2 

groups were obtained ,in regard to the following variables: Informati<m; 
Completion of Squares; Maze 2; Completion of Arithmetic Problems; 
and Symmetric DrawJ,ng reversals. 

It is noteworthy that it is .not necessarily the more difficult one of 
a pa•ir of parallel tests that differenti•ates better between the groups 
(eg., Completion of Arithmetic Problems, Synonyms, Maze 2). This 
peculiar trend is presented and discussed in a separate paper (Pihkanen 
& Weckroth, 1962). 

For the majority of the test var.i,ables, the standard deviatoions are 
approxjmately equal. In the case of three of the color-naming variables, 
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however, the variance ratio is significant, and the same is true of rever
sals in the Symmetric Drawing. No general tendency in respect to 
the variances is discernible. 

4. Comparison of the Ability Structure of Brain
Injury and Control Group. 

The correlation matr:ices of the two groups are presented in Tables 
IV and V. 

The centroid matrix of the control group .is shown in Table 1 
(Appendix 1) and that of the brain injury group in Table 2 (Appendix 
2). The centroid matrices are presented in their final, reduced form. 
In both groups, seven centroid factors were or,iginally extracted in 
spite of the fact that in the brain injury group the loadings of the last 
two factors were generally low. The multiple correlations of the test 
vectors, on the basis of which the reduction of the number of factors 
took place, are listed below: 

T a b  1 e 

Multiple Correlations between the Test Vectors 

Test variable 1 

Multiple R 
(7 factors) 
(6 factors) 

Test variable 
Multiple R 
(7 factors) 
(6 factors) 
(5 factors) 

17 

73 

49 

18 

68 

68 

46 

Control Group 

8 20 10 16 

65 58 72 80 

60 55 52 51 

Brain Injury Group 

9 8 20 15 

65 74 82 81 

60 56 81 78 

55 55 66 

6 12 

83 94 

68 

12 3 

85 88 

80 

54 

As stated above, the multiple correlation of a vector shows its corre
lation with all the other vectors. In determinig the number of factors 

1 See Table IV. 



1. Completion of Squares
2. Word Groups
3. Synonyms
4. Opposites
5. Arithmetic Problems
6. Completion of Arithmetic Problems
7. Pieces
8. Information
9. Maze 1

10. Maze 2
ll. Color Text, time
12. Diff .; black text- colored text
13. Dot Aiming
14. Triangles
15. Finger Tapping
16. Hand Tapping
17. Finger Tapping, diff . right-left
18. Hand Tapping, diff . right-left
19. Symmetric Drawing, reversals
20. Silhouette, reversals
21. Memory for Design, reversals
22. Age

Table IV 

Correlation Matrix 
Control Group (N=70) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
1 
2 43 
3 56 67 
4 54 67 67 
5 33 59 60 69 
6 42 56 54 67 70 
7 50 44 44 54 47 56 
8 45 58 55 52 38 34 22 
9 54 38 40 34 29 32 35 22 

10 45 24 19 15 19 25 22 23 63 
11 32 45 40 44 59 33 27 32 32 26 
12 32 32 31 26 33 29 33 19 24 27 33 
13 33 18 32 23 37 12 12 04 25 28 49 35 
14 30 13 20 03 10 02 19 03 29 41 30 35 57 
15 20 09 18 09 19 07 15 00 32 34 49 31 51 50 
16 22 14 23 16 23 03 10 03 24 25 52 2.S 51 50 70 
17 09-04-18 01-17-17-05 02 12-17-21-21-17-14-32-10
18 -06-19-15 -23 -25 -12 -06-04 01-06-26 -06-06-02 -02 -23 25
19 35 22 29 35 21 19 38 18 30 27 19 02 24 00 02 08-18-14 
20 33 15 35 39 13 29 31 08 25 12-04 2405-05-03 08-13-10 58 
21 47 48 56 49 56 40 37 36 40 34 32 28 41 18 20 14-17-17 48 29 
22 24 04 03 10-05 01 13-31 24 24 20 09 33 10 25 22-16-23 10 23 13 

Decimal points omitted 

;p.. 
l" 



1. Completion of Squares
2. Word Groups
3. Synonyms
4. Opposites
5. Arithmetic Problems
6. Completion of Arithmetic Problems
7. Pieces
8. Information
9. Maze 1

10. Maze 2
11. Color Text, time
12. Diff .; black text-colored text
13. Dot Aiming
14. Triangles
15. Finger Tapping
16. Hand Tapping
17. Finger Tapping, diff . right .left
18. Hand Tapping, diff . right-left
19. Symmetric Drawing, reversals
20. Silhouette, reversals
21. Memory for Design, reversals
22. Age

Table V 

Correlation Matrix 
Brain Injury Group (N=70) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
1 
2 45 
3 37 65 
4 37 77 74 
5 55 60 55 51 
6 40 58 55 55 63 
7 41 51 57 51 51 55 
8 28 63 46 58 41 30 41 
9 27 20 18 21 35 23 29 10 

10 40 18 16 18 33 27 31 05 43 
11 39 70 52 50 62 42 31 43 27 17 
12 31 33 42 39 47 41 25 18 19 18 33 
13 39 60 44 53 63 56 42 44 53 37 54 42 
14 23 47 32 28 47 37 17 37 31 31 45 47 71 
15 16 31 29 49 22 28 29 30 16 12 28 19 42 33 
16 23 42 35 41 34 31 35 33 28 19 50 20 47 49 72 
17 07 13 06-01 15 05 08 33 12-06 19 12 09 23-17 06 
18 -14-08-09-10 12-04 05-00-04-16-02 01-04-02-04-19 36
19 39 42 06 26 27 26 29 27 23 30 32 08 36 17 16 18 05-19 
20 42 28 20 28 27 35 21-05 15 32 14 32 24 06 02-02 00-10 42 
21 40 48 44 40 47 40 41 28 47 47 35 18 50 34 42 36-02-11 41 24 
22 25 27 26 22 19 46 24 00 27 24 34 39 38 32 14 19-05-29 37 36 18 

Decimal points omitted � 
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on the basis of the multiple correlations, attention should be paid not 
only to the relative ,size of the multiple correlatio,n of the test vectors 
representing each factor, but also to the effect that the exclusion of a 
certain particular vector has on the muloiple correlations of the others. 
As shown by the f.igures above, in the control group the dropping of 
the vector representing the sevenrh factor (test variable .no. 12) has 
a reducing effect on the multiple correlations of the other vectors. The 
remaining six factors can be regarded as relativ-ely independent of 
each other. In the brain injury gmup, on the other hand, the multiple 
correlations are relaoively high even after the exclusion of one factor, 
indica.ti.ng that the factors are 'liineady dependent on each other. There
fore, it also seemed appropriate to drop the test vector with the highest 
mukiple correlation at this stage (variable no. 20). 

The rotated factor matrices of the control group are shown in 
Tables VI and VII. Table VI indicates the results obtained with the 
»extended cosine solution», and Table VII the results of the varimax
rotation. The corresponding matrices of the brain ,injury group are
shown in Tables VIII and IX. For the sake of comparison, the same
rotations were also carried out in the control group wfrh five factors
(Tables 3 and 4, Appendix 2).

The interpretation of the results of the factor analysis may be sum
marized as follows: 

Control Group. 

The interpretation of the factors obtained by the orthogonal 
(var-imax) rotaoion (Table VII) is comparatively unambiguous. 

Factor I is obviously a factor of general intelligence, in which all 
the tests of verbal, spatial, and numerical abrnty have relatively high 
loadings. Factor II may be :interpreted as a general psychomotor speed 
factor. Both the a,iming tests and the tapping-speed tests are presented 
in it Factor III primarily saitura,tes the reversal variables, and Factor 
IV the variables measuring the bilateral asymmetry of the hands. Factor 
V may be termed a visual factor. Factor VI is presented almost exclu
sively .in the Information test, and it might be characterized as a general 
amount-of-knowledge factor; the negative loading of age in this factor 
seems natural. 

The imerpretation hased on the orthogonal solution can also be 
appl,ied with slight modifications to the results of the cosine rotation. 
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Control Group 

Tab le VI 

Rotated Matrix 
Extended Cosine Solution 

Tab le VII 

Rotated Matrix 
Varimax Solution 

I II III IV V VI 

1 33 18 25 45 19 21 

2 -08 45 -15 13 01 49 
3 -11 57 24-06 19 25 
4 19 24 16-12 24 67 
5 -11 30-08-18 28 63 
6 00 00 00 00 00 83 

7 16-10 15 16 09 64 
8 00 79 00 00 00 00 
9 40 00 13 64 18 19 

10 00 00 00 78 00 00 
11 -04 15-26 07 56 38 
12 -18 09 -06 16 23 23 

13 01 15 05 14 68 -07 
14 -09 06-13 36 44 -09 
15 -07 -13 -09 17 70 08 
16 00 00 00 00 83 00 
1 7 62 00 00 00 00 00 

18 38 01 05 01 03-17 

19 02 17 82 08 04 -23 

20 00 00 74 00 00 00 
21 -09 42 30 20 10 05 

22 01-56 05 44 08 23 

1. Completion of
Squares

2. Word Groups
3. Synonyms
4. Opposites
5. Arithmetic Problems
6. Completion of Arith-

metic Problems
7. Pieces
8. Information
9. Maze 1

10. Maze 2
11. Color Text, time
12. Diff.; black text-

colored text
13. Dot Aiming
14. Triangles
15. Finger Tapping
16. Hand Tapping
17. Finger Tapping,diff.

right-left
18. Hand Tapping, cliff.

right-left
19. Symmetric Drawing,

reversals
20. Silhouette, reversals
21. Memory for Design,

reversals
22. Age

Decimal points omitted 

I II III IV V VI 

1 45 22 33 20 49 06 

2 73 07 04-15 21 27 
3 66 18 29-11 17 36 
4 85 08 29 02 -01 04 
5 79 22 10 -22 -08 11 
6 79 -05 10 -08 14 -07 

7 60 05 19 09 29-12 
8 47 02 08 02 15 58 
9 32 26 26 22 56 -07 

10 11 28 16-10 67 -04 
11 49 58 01 -22 -02 -03 
12 29 34-02 -14 28 07 

13 03 58 22 -30 31 06 
14 -01 61 -08 -05 39 07 
15 06 76 -04 -08 18 -13 
16 09 81 06 -06 01 -07 
17 -02 -19 -03 53 -07 01 

18 -18 -06-11 46 10 12 

19 17 01 82-13 08-04 

20 21-05 63-03 14-08 
21 44 18 42 -19 24 19 

22 00 19 21-21 20-55 

Nei,rher the verbal nor the spaitiiail or numerical abilities form any 
so th at iin the latter case the share of the verbal ability appear s consider
ably greater. 

Brain Injur y Group. 

Nei,rher the verbal nor the ,spa,oia or numerical abihnies form any 
separ ate factor s in the group of brain injured. Here, too, Factor I m us t  
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Brain Injury Group 

Tabl e VI I I Tabl e IX 

Rotated Matrix Rotated Matrix 
Extended Cosine Solution Varimax Solution 

I II III IV V 
1 -35 35 41-41 30 

2 -26 00 83 -14 35 
3 -11 -13 3 7 17 48 
4 -10 -19 47 33 41 
5 08 ,9 44-24 39 
6 -16 12 26-04 54 

7 -18 21 39 -01 18 
8 00 00 82 00 00 
9 00 67 00 00 00 

10 -22 70 02 -19 -01 
11 -22 10 59 -18 40 
12 00 00 00 00 69 

13 04 50 26 13 29 
14 07 36 17 12 34 
15 00 00 00 81 00 
16 -24 13 25 46 05 
17 21 08 43-39 10 

18 64 00 00 00 00 

19 -50 38 52 -44 05 

20 -31 16 07 -36 49 
21 -09 60 28 13-13 

22 -47 08 -01 -20 61 

1. Completion of
Squares

2. Word Groups
3. Synonyms
4. Opposites
5. Arithmetic Problems
6. Completion of Arith-

metic Problems
7. Pieces
8. Information
9. Maze 1

10. Maze 2
11. Color Text, time
12. Diff .; black text-

colored text
13. Dot Aiming
14. Triangles
15. Finger Tapping
16. Hand Tapping
17. Finger Tapping, cliff . 

right-left 
18. Hand Tapping, cliff . 

right-left 
19. Symmetric Drawing,

reversals
20. Silhouette, reversals
21. Memory for Design,

reversals
22. Age 

Decimal points and positive signs 

I II III IV V 
1 38 48 00 06 32 

2 81 25 20 14 17 
3 70 04 19-03 34 
4 82 05 22 -11 25 
5 49 37 7.1 39 35 
6 48 25 18 01 48 

7 57 34 06-06 19 
8 70 13 23 25-17 
9 00 52 35 05 16 

10 00 63 15-07 21 
11 51 20 37 23 23 
12 21 04 26 13 58 

13 33 43 59 17 30 
14 14 22 70 27 27 
15 38 01 58 -35 -02 
16 38 13 70 -19 -01 
17 12 05 02 55-02 

18 -04 -18 -04 52 -05 

19 27 58 -02 -07 10 

20 15 34 -18 -08 52 
21 36 57 29·-10 01 

22 09 26 13-20 58 

omitted. 

be ,interpreted ( acc ordi,ng ,to the results of the orthogon al rotati on ) as 
a factor of general intelligenc e. Factor II c ombines two factors which 
were sep arate in the c ontrol group (namely reversal factor and visual 
factor). Both tihe reversal variables and the visual abi.liity testis ha,ve 
loadi,ngs in this factor. Factor III can be c haracterized as a gen eral 
psyc homotor sp e ed factor. Factor IV can be term ed a factor of bilateral 
asym metry . Factor V may p erhaps be described tentatively as a flexi-
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hi,lity factor, for the tests requiring prompt and flexible adaptation, 
or the transposition of activity or a gestalt, have loadings in k -
Attention may be called to the fact that in the brain injury group, there 
are quite considerable differences between the orthogonal solution and 
the cosine solution. Especially with respect to the latter, a certaiin kind 
of structural �nconsistency may be established. Even the intercorrelating 
tests of the same factor area may be represented in the same factor by 
rather different loadings (e.g. verbal tests 2 and 3, reversal variables 19 
and 20, speed tests 15 and 16) and, on the other hand, tests normally 
loaded on different factors may be represented on one and the same 
factor (e.g. variables 9, 10, 13, and 21). In addi.tion, special anention 
must be paid to the fact that aiming and tappi-ng speed variables 
appear on different factors. 

A rough and superficial comparison of five-factor matriices of brain 
injury and control groups (see Tables VIII and IX, and Tables 3 and 
4, Appendix 2) reveals that Varimax solution gives more consistent 
results than Cosine solution. In the brain injury group the picture 
formed of the abil,ity structure J,s seemingly dependent on the rotation 
method used. On the basis of this it is not, however, alloved to draw 
any conclusions as to the usefulness of the cosine solution. Attention 
must be paid to the fact that -i,n the control group the resuks are not so 
dependent on the rotation method. - Of the five factors of brain 
injury group only three can be adequately identified (factors I, III, 
and IV, Table IX; and factors I, II, and IV, Table 3, Appendix 2) 
,if we ,ignore the minor differences appearing in the quantiitative 
relations between the respective loadings. The second factor of brain 
injury group seems to break down into two of each other relatively 
indepe.ndent factors of which the one may be termed a visual faotor, 
the other to reversal factor (III and IV, Table 3, Appendix 2) whereas 
r-he fi.f.th factor seems to be a characte.nistic for the brain ,injury group 
only. This last factor appears quite distinctly also in the cosine matrix 
(factor V, Table VIII) allthough loaded in addition by some ability 
variables. As established before some illogical consistencies appear 
when ,the cosine method is used. The comparison of the five-factor 
matrices reveals, however, a rather interestiing factotial differe.ntiation 
which seems mean�ngful. The general psychomotor speed factor which 
is represented both in verbomotor (variables 11 a,nd 12) and in a,iming 
and tapping speed tests appears in the control group in all the analyses 
(independently of the number of extracted factors or the rotation 
method) splits in the brain injury group ,in an unusual way. Variables 
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13 and 14 are clearly connected with the visual factor, variable 11 with 
the reasoning factor while the simple psychomotor speed variables 
form a factor of their own. 1 Later on (page 61) we shall rerum 
to this theoretically interesting form of factot:fal differentiatlion. 
However, it must be remembered that this comparison was based on 
the assumpt:iion of an equal number of factors in the groups. As known 
for the present the problems of the number of factors and their qualJ
tative identity are methodologically entangled with each other, so far 
as we do not have any exact cr,iterion as to the determi.nanion of the 
number of factors. AJ.so the method appJ.ied in this study (developed 
by Ahmavaara and Markkanen) to the determination of number and 
identity of factors must be considened as preliminary outline of 
problems. 

On the basis of the abov,e ment-ioned results it might have been 
expected ,that general psychomotor speed factor at least would not have 
been among the vectors on the basis of which the common factor space 
of the groups may be descr,ibed (see the table, p. 62). Quiue apparently 
the multiple correlatJions do not bring any informatJion as too the 
structural quality of the factors common to both groups. It is also 
possible that the unusual differentiation of simple speed factor 
»caused» by brain injury is reflected in this result which is probably
due to the fact that by this method an attempt is made to describe the
factor space by reference to vectors as independent of one another as
possible. It is, however, ,impossible to explain the position of the v,isual
factor on the basis of this assumption. As ascertained before, there were
rather remarkable diffet'ences in the structure of this very factor upon
comparison between ,the brain injury and control groups. This matter
can not, however, be dealt with here i'n more detaiil.

Number of factors. In transformation analysis the number of factors 
in the ability structures of the groups are also compared with one 
another by means of multiple correlations. In a sense, the muJ.tiple 
correlations then indicate the number of mutually independent factors 
that are common to the two groups or, in other words, can be :identified 
with one another. The number of factors in the more differentiated 
group is used as the starting point. In the table below, the multiple 
correlations between the vecwrs for the control group have been 
presented in the factor •space of the brnin ,injury group (cf., Table IV). 

1 In this respect, however, the picture given by the varimax solution is more 
identical with chat of the control group. 
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T a b l e

Test Vectors 

17 8 20 10 16 6 
Multiple Rs 973 961 985 952 974 942 
(6 factors) 
(5 factors) 877 916 637 804 810 
(4 factors) 439 634 596 580 

Thus the highest multiple correlation 1n the first row is that of 
vector 20 representing the »reversal factor», and upon dropping this 
factor the highest mult:iple correlaoion (on the second row) is that of 
vector 8 representi:ng the »information factor». The factors remaining 
after the exclusion of these two ar,e, judging by the multiple corre
lations, relat:ively independent of one another. According to the ;inter
pretatoion presented in :the foregoing, the factors common to both 
groups are I, Bilateral Asymmetry, II Visual Ability (Factor IV in 
Table VI), III, General Speed Factor (Factor V in Table VI), and IV, 
General Intelligence (Factors I, II, IV, and V, respectively in Table 
VIII). 

The result as to the number of factors is primarily (but not wholly) 
consistent with the interpretation presented in the foregoing on the 

· basis of the orthogonal rotati.ons. Is ,should be stated that i,n the brain
-injury group, by far the grearest part of the variance of the Information
test can be accounted for in terms of general ,intelligence and, in parti
cular, verbal ability; in ,the control group, on the other hand, the
variance of the general amount of knowl,edge is relatively independent
of these factors. This result ,is of considerable consequence :i,n regard to
the construction of deterioration 1indexes. As found in comparing the
mean performances, the Information t•est was one of the few exceptions
in which the difference between the means of the groups was not signi
ficant - a result which is on the whole in agreement with the results
of the studies of deteriioration of performance. In contrast, the greater
part of the variance of the reversal variables in ,the brain injury group
seems to be explicable in terms of the spattial factor. It is difficult to
discover, however, to what extent the significant difference :is due to
this fact. 1 

1 A detailed analysis of the figural reversals, the reversion traits, and their 
interrelations is being published separately. 

4 
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Abnormal Transformation of Var-iables. The transformation matrix 
computed for the examinatfon of the abnormal transtormation in the 
variables is presented in Table 5 (Appendix 3). According to the sum 
of the squares of tihe differences, the largest amount of abnormal trans
formation occurs in test variables 5, 12, 15, 18, (and in variable 22, 
age). 

Abnormal Transformation of Factors. Table 6 (Appendix 4) shows 
the amount of abnormal trainsformation ,in the factors of the brain 
injury group in terms of the space of the control group. (The sums of 
squares at the bottom indicate the ,amount of abnormal trainsformation 
in different factors and those on the right i'n different variables.) 

Of .the variables on which there appears abnormal transformation, 
perhaps most interest is aroused by variable 12, which was established 
before to measure the flexibihty dimension i,n the brain injury group. 
It seems natiural that abnormal transformation is observed on it, i.e., it 
is logical to assume that a variiable which turns out to be a factor test 
only in the other group, differs with respect .to its factorial quaLity in 
these groups. On the other hand, it is very difficult to find consistency 
among the other variables. Taking into account that the choice of test 
vectors may be susceptible to chance, we may, perhaps, attempt w 
generaliize thks result to some degree if we restrict ourselves to deal only 
with test variables. The fact common to tihese variables is that the 
parallel tests hypothevically representing the same factor area appear 
as factor tests in the analysis of the control group but not in that of the 
brai'n injury group (except numerical tests). The variables 12, 15, and 
18 appear as factor tests in the analysis of the brain Jnjury group. From 
this point of view, the result may perhaps therefore be regarded as 
fairly consistent with the informaoion reflected by the rotation results 
and multiple correlations presented eadier. It must be stated, however, 
that the result gives very little additional �nformacion as to the for
mation of further hypotheses concerning <the »mechanisms» which i,n 
connection with brain ,injury could cause changes similar to those 
established. The same concerns the abnormal transform-a.oion of factors 
(Table 6, Appendix 4). It appears that the common var-iance of the 
variable composition used here is from necessity smaller in the number 
of facwrs 1n the brain injury group than in the control group, pardy 
because of the.fr lower degree of differentiation. It is no wonder then, 
that there seems to appear quite a general symptom of »abnormal 
transformation» whe-n the structure of the braiin injury group is descri
bed in terms of the structure of the control group. 
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PART II 

5. Continuation of Analysis of Factor Structures of Brain-Injury
and Control Group. 

The results of the number of trials with various sol'l1tions are pres
ented in TaMes 9-20 (Appendices 7-18). 

Wirth respect to the structural characteristics of the two groups, the 
observed traits and trends may be summarized as follows: 

W-hen five factors are extracted and rotated, the i:nterpretation of the
factors in the control group is clear and unambiguous: The first is a 
general reasoning factior haViing highest loadings on variables 2, 4, 5, 
6, and 7. Test of verbal, numerical, and visual ability are included. The 
second factor is quite obv.iously a factor of verbal ability (both compre
hension and fluency); the highest 1oad1ngs are on variables 2, 3, 4, and 
8. The fol1owing factor ds one of vi-sual (or spatial) ability with
Loadings on all ,t>he visual •restJS, 1, 7, 9, and 10. It tis notewomhy tha.t
» bilateral asymmetry» is also represented ,in this connect,ion. The next
one is a psycho-motor-speed factor which has its highest positive
loadings on variables 11, 13, 14, 15, 16, and negative loadings on the
bilateral-asymmetry va1.1iables, 17, and 18. It may be noted that also
simple readi:ng speed is represenred in this factor. The fifth factor is a
reversal factor pertaining to the ability to transpose visual gestalts.

All the factor,s mentioned are easily identifiable in the matrices 
consisting of six factors when the value of 0.40 is required as the com
munaJi.ty minimum. The matrices consist of the five factors mentioned 
and a factor of bilateral asymmetry. Still higher demands on com
munal-ity values seems tG split the factor structure of the control group 
so tha,t only verbal, motor, and reversal factors are clearly identified 
whereas the visual (or spatial) factor seems to split i:n to two parts, the 
other component being easily characterized as a speed- of- perception 
factor. The consistency of the reversal and verbo-motor-speed factors 
is remarkable also because it is just in these factors that the most 
prominent differences exist between the groups with regard to the 
results of the analyses in general. In the following table, the most 
typical factor patt•ern of the brain-injury and control groups l!S sum
marized. (k is the five-factor case. The loadings hav,e been taken from 
one of the respective matrices of the groups, Appendices 7-18.) 
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T a b l e  X 

Loadings picked from the most characteristic rotated matrix 
(cosine method, Appendices 7-18) when five (5) factors 

are extracted from both groups 

Control Group Brain-Injury Group 

I II III IV V I II III IV V 

1. 51 51 43 
2. 44 47 88 
3. 50 83 
4. 52 84 
5. 69 43 66 
6. 85 58 39 
7. 56 67 24 
3. 80 76 
9. 78 63 

10. 73 68 
11. 70 54 34 
12. 34 49 
13. 69 49 
14. 41 84 
15. 69 82 
16. 79' 67 
17. -53 61 -52 -50 
18. -44 48 -43 -47 
19. 82 55 
20. 75 

I I 

26 46 
21. 42 58 
22. -41 69 

Decimal points and positive signs omitted 

In general ,it can be mentioned that the fac,tor pattern of the brain
in jury group is not so articulated as that of the control group. Quite 
often the tests have loadings on several factors simultaneously. Thi-s 
may -imply that some other method could be more suitable than the 
cos,ine solution for this type of structural analysis of a brain-injury 
group. The apparent diffusiv,eness of the str:uctural pattern may, on che 
other hand, be due also to the spesific charac-�eristics of the tests and 
not only to the possible cha'nges ea.used by brain-injury. 

Characteristic of the fiv,e-factor situation is the first factor, a factor 
of general inteUigence or reasoning (see, for example, Table 12, Ap
pendix 10). It ,is noteworthy that the eleventh variable has a loading 
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on this factor. As pointed out earlier, this vari,able was consistently 
connected with tihe verbo-motor-speed variables in the analyses of the 
control group. The second one i,s obviously a visual fact-or. Typical, of 
the structural pattern of ,the brain-injury group, the reversal var.iables 
(or, ,in any case, some of them) are likely to have a high common 
var,iance with tests of visual ability. This observation is in agreement 
w�ch the earlier finding according to which the degree of differentiation 
is smaller in the br:ai:n injury group than in the control group. From 
this point of view, the two following factors appear problematic. As 
was pointed out eadier ,in the control group, in all the analyses, the 
speed vaniables (reading, tapping, and aiming ,speed) were consistently 
represented ·in the one and the same factor. Now, it seems that in the 
brain injury group the aiming and tapping variables always form two 
discinctly different motor-speed factors. This peoulfarity is repeatedly 
found ,in all the analyses (i.e. i,n all cosine rota�ions). ln connection 
with these »a:iming»- and »tapping»-speed factors, ,there furt:her appear 
two extraordinary characteristics which may deserve menvion here. 
First, the bilateral-asymmetry var:iables ar.e represemed in both factors 
but with opposite signs, and second, the twelfth variiable which is the 
difference between the speed of reading black text and the speed of 
naming the color of the prim. Thi,s latter variable .is qu�te »indifferent» 
in the analyses of the control group. The fifth factor resembles the 
»flex>ibility» factor which was extracted in the original analysis (see
Table IX), with the 12 th and the 22 nd variables usually having their
highest loadings on this factor.

The results obtained with trials with six factors do not give much 
addicional ,information about the specific character,isc,ics of the factor 
pattern of brain ,injured subjects. There exists a trend toward clearer 
differentiation between verbal a.nd other •abili-ty (inte!Egence) tests to 
form two factors, one being then a general reasoning factor, the other 
a factor of verbal comprehe.nsion. Remarkable is also the trend towards 
a more promin�ntly dissimilar differentiatiion of the visual eye-hand 
coordination, aiming and simple motor speed area. In the control group 
three factors are repeatedly found independently of the variatiions of 
the determinant or communality requirements, namely: a bnd of an 
eyehand coordination or a maze-factor, a motor (and verbomotor) 
speed factor, and a reversal factor. Instead, in the brain injury group 
there seems to exist a trend connected with the variation of commu
nality level, the area mentioned above splits into three factors, namely, 
»aiming», »tapping speed» and a kind of visual factor (including maze
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and reversal variables). At the same time the reading-speed variable is 
consistiently -associated (in the brain injury group) with such primarily 
verbal comprehension tests as the Word Groups and Information. The 
results seem, however, to be too fortuitous to give rise to far-reachiifig 
conclusions. 

6. Discriminance Analysis of Anamnestic and Neurological Findings
with a Group of Severely Injured. 

The results of the cross-validation study of the discriminance analysis 
are presented in the following table (Table XI): 

T a b l e  X I  

Discriminance Loadings of Anamnestic and Clinical Findings 

Anamnestic Data 

motor disturbances (pareses, 
paralyses) -0.1009

vegetative disturbances 
loss of consciousness 
primary unconsciousness 
aphasic disturbances 
sensory disturbances 
balance disturbances 
mood changes 
perceptual disturbances 

0.1312
0.0089
0.0850
0.3461

-0.1085
0.1876
0.0740
0.1939

Clinical Findings 

pneumoencephalography 0.7010 
coordination disturbances (incl. 

fine motor dysfunction) 0.1668 
vegetative disturbances -0.2548
reflex disturbances 0.1084
perceptual disturbances 0.0924
electroencephalography 0.2076
pareres (paralyses) 0.2689
aphasic disturbances -0.1145
haptic disturbances 0.0632
X-ray examination 0.0122
mood changes 0.1356

If the loadings obtaiined are compared with the respective figures in 
'Vahle T, quite remarkable differences attract attention. The positive 
loatlings are generally much lower than in the original analysis. There 
also occur differences regarding the relative share of various subtraits 
as discriminator. 

It is quite obvious that the relatively small number of cases included 
in the groups plays a certai,n role with regard to the differences between 
the figures in Tables I and XI. Most significant in this connection is, 
however, the fact that the group tested is much mol.'e homogeneous in 
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respect to the cr.irerical dimension, ii.e. severity of brain.ainjury. The 
groups compared ,i,n the original analysis consisted of »almost pure» 
control cases and severely injured, whereas the cross-validation group 
involves only cases with medium or severe injury. It can be ant•icipated 
that, ait least some of the variables with relevance as »discriminators» 
of brain.ainjury lose their value within a group of brain .. injured persons 
because the selection decreases their variance within the group. It is no 
wonder, .then, that some of the anamnestic variables seem to acquire 
relevance as to the differentiatiion between the more and less severely 
injured withi,n a group of brain-injured persons. - However, when a 
correlation was computed between the two kinds of ,indices in a group 
of rnndomly selected subjects (including both »experimental» and 
control subjects, N= 70) it attained a value of r= + 0.54. When 
the decrease o.f variance caused by the selection ·is taken into account, 
the obtained values can be considered satisfacmry. 

7. Factor Analysis of the Ability Stmctttre of the Grottp
of Severely Injttred. 

The means and standard deviations of the variables ,included in the 
factor a,nalysis is pr,esented ,i-n Table XII. For the sake of comparison, 
the respective mean values of the brain-..injury and control groups in 
the first part of the study are presented where applicable. As evident, 
the series comprices different v:ar,iables, and some of the variables have 
undergone mod.if..icat.ion as to the method of scoring. 

It can be observed that i,n respect to all the abiHty tests proper, the 
mean score of the third group ,is the lowest (with .the exception of the 
Word Groups test where both brain-injury groups have the same mean 
result). The third group apparently consists of the most severely injured 
subjects. The same order is to be observed also with regard to the 
reversal and aimi,ng variiables, whereas in the speed of performance in 
the Maze and Golor Naming tests ,the third group scores better than the 
original brain-injury group. W·i·�h respect to age, the third group is the 
oldest, but the differences are not significant. 

The correlatiion matrix of the 33 variables is presented in Table XIII. 
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Table XII 

Means and Standard Deviations of Severely Injured 

1. Word Groups
2. Information
3. Synonyms
4. Opposites
5. Completion of Arithmetic Problems
6. Arithmetic Problems
7. Pieces
8. Completion of Squares
9. Finger Tapping, right hand

10. » » , left hand 
11. Hand Tapping, right
12. » » , left 
13. Silhouette, Reversals
14. Symmetric Drawing, Reversals
15. SAET, right
16. SAET, left
17. SAET, Symptom
18. MFD, omissions
19. MFD, errors
20. Maze 1
21. Dot Aiming
22. Triangles
23. Color Text, reading time
24. Color Dots
25. Colored Text, reading time
26. Colored Text, errors
27. Blue-green Confusions
28. Color Dots, other errors
29. Colored Text, other errors
30. MFD, reversals
31. Age
32. Duration of injury
33. Severity of injury

Mean S D 
N=62 

23.44 13.34 
39.61 17.62 
14.76 11.84 
20.53 13.09 
9.258 8.924 
28.48 15.53 
14.65 12.55 
16.79 8.941 
28.74 18.78 
25.82 18.69 
36.89 26.34 
33.16 25.45 
6.677 7.794 
4.581 6.817 
11.00 8.933 
11.50 9.564 
.5161 1.127 
3.597 3.541 
2.984 2.466 
87.73 104.3 
46.53 24.08 
68.15 37.56 
66.06 56.75 
105.1 68.41 
202.6 163.7 
.2742 1.439 
.2742 1.133 
1.484 3.788 
4.532 7.050 
414.2 234.8 
42.37 12.32 
4.274 1.918 

-1094. 512.2

Brain Control 
N=70 N=70 

23.43 30.00 
44.93 46.72 
18.11 20.32 
21.46 26.47 
10.76 13.19 
30.79 35.05 
15.00 21.91 
19.06 21.36 

6.586 4.057 
3.414 2.343 

93.47 68.00 
50.13 59.89 
71.74 88.36 
77.46 58.16 

41.96 39.10 
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Correlation Matrix 

N= 62 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
1 
2 58 
3 61 61 
4 69 58 77 
5 65 34 58 68 
6 73 52 59 67 75 
7 61 49 62 73 77 64 
8 78 66 5 5 62 59 69 59 
9 39 31 27 37 36 44 23 44 

10 37 27 28 32 32 34 22 39 83 
11 43 31 28 37 32 41 20 42 90 77 
12 41 23 31 32 30 31 24 38 77 90 83 
13 �2-23-16-32-22-19-27-37-17-27-13�4 
14 -47 -42-30-50-40-46-47 -51-39-31 -34-30 59 
15 -14-14 00-01-08-17-06-09 04 08 06 16 18-02 
16 -11-19-05 -01-04 -15 00 -10 15 18 16 28 04-07 81 
17 -03-18 03-03 07 04 12-13 13 05 04-11-02 08-47-38 
18 -44-37 -33 -56-36-43 -45 -38 -46-35 -40-27 35 53 25 12 -03 
19 -25-30-22-31-34-32-35-14-23-06-21 02 05 30 05-05-18 32 
20 -46-41-31-38-31-41-33-48-21-16-21-15 27 36 48 49-12 37 15 
21 54 33 39 46 45 52 39 44 33 32 46 42 -09-29 16 18 -25 -21-17 -21 
22 56 43 40 43 33 44 35 50 37 34 45 41 -06-30 15 13 -31-24-12 -29 87 
23 -45 -45 -28 -34 -27 -40-26-46-24 -18 -27 -17 33 45 32 38 -09 42 09 74 -15 -21 
24 -59-44-37-44-35-49-38-55-33-25-30-21 31 41 17 09 01 44 27 59-33-39 66 
25 -52-46-33-37-33-40-37-50-21-18-19-15 51 60 12 09 03 33 20 43-14-21 73 70 
26 -30-42-20-29-17-25-23-34-11-08-13-10 33 32 54 59-03 40-03 73 00-07 73 40 36 
27 -03-01 22 07 01-01 04-10 07 21 10 21 17 15-01-02 18-06 18 05 10 02 19 39 41 10 
28 -28-22-18-16-19-28-15-30-15-10-15-11 01 09 33 45 04 33-08 48-07-20 44 48 20 65 17 
29 -40-35-20-32-30-36-34-33-26-24-26-25 38 51 35 31 08 47 12 59-08-16 55 40 42 69 28 57 
30 -56-61-41-58-47-50-47-57-41-37-39-27 38 51 15 09 05 50 47 42-37-37 40 54 48 36 19 29 45 
31 -30 07 04 04-23-13-07-15-18-22-18-22 09 12-13-24 02 02 18-06-28-26 02 19 17-24 02-01 06 19 
32 07 04 09 15 06 03 02 10 01 10-09-01-12-10 24 13-12-03 06 15 10 13-01-02 01 10 08 14 14 00-06 
33 30 26 22 18 09 09 09 36 18 13 26 19-15-22 21 13-25-13-16-13 25 31-18-12-19-10 06-09-08-26-28-06 

Decimal points and positive signs omitted. 

C)l 
-..J 
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Some of the clusters and uncommon trends invite comment on the 
obtained correlations despite the fact that in the following an a,nalysis 
is made in order to give a more systematic description of the intierrela
tiions of the variables. 

The duster of the first eight variables at the top of the matrix 
indicates that the group must be qu1te heterogeneous with respect to 
intellectiual performance capacity. The intercorrelations between dif
ferent ability subtraits are higher than expect:ed. The second remark
able feature is that the Word Groups test and the Completion of 
Squares test systematically have high correlat:ions with all the other 
var,iables of Aiming, Tapping icests, etc., with some exceptions (the 
very specif.ic variabl,es of the SAET, Blue-green confusion, etc.). The 
inteUigence tests proper correlate, in general, qui.te highly with other 
performance tests. The third .noteworthy fact is that quite many of the 
test variables assumed or observ,ed to be »indicators» of brain-1njury 
- as, for instance, reversal variables, color .naming, and aiming varii
ables as well as mmor-speed variab'les - actually correlate very highly
with intelligenoe tests (with the exception of the SAET var-iables).
The correlations are almost as high as the int-ercorrelations of ability
tests among themselves.
- There seems to exiist quite an interesting relationships betwee,n the
indicators which can be (deplor-ably?) wholly explained by referr,ing
to the,ir common variiance with intelligence.

The results of the facror analysis is presented ·in Table 21 (Centroid 
Matr.ix, Appendix 19), aind •in Tables XIV and XV (Rota:red Maitrices 
with five and six faotors, respecr;ively). 

The impvessi-on ,is, again, somewhat confused. Quite many of the 
variables are simultaneously represented on two factms, and on some 
of the factors tests appear ,in very unusual combinations. Very »clear» 
example of this type of »diffusion» is the first factor in the five factor 
case. On the basis of the loadi;ngs of variabJ.es Nos 20, 23, 24, 26 
(sic), 28, and 29, the factor could be termed a »speed of perception»
factor but the loadings of variabl,es 1 S, and 16 are surprisingly 
high to say nothing of ,the possiblre role thi:s factor plays on information 
test (!). The second factor is apparently a factor of general intelli..
gence. The relative high loadi.ngs of some of the tests - assumed to 
be indicators of bra,in injury - on ,rh,j.s fact-or could be anticipated on 
the bas-is of the intiercorrelations (Table XIII). Most of t'he tests in 
question correlate higher with t-he tests of intelligence than with each 
other. Whatever the structure, degvee of differentiation, etc., one factor 
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T a b l e  XI V 

Rotated Matrix 

V arimax soltttion 

1. Word Groups
2. Information
3. Synonyms
4. Opposites
5. Completion of Arithmetic

Problems
6. Ani-thmetic Problems
7. Pieces
8. Com p1etion of Squares
9. Finger T,apping, right hand

10. » » left hand 
11. Hand Tapping, right
12. » » left 
13. Silhouette, reversals
14. Symmetric Drawings, reversals
15. SAET, right
16. SAET, left
17. SAET, Symptom
18. MFD, omissions
19. MFD, errors
20. Maze 1
21. Dot Aiming
22. Tr,iangles
23. Color Text, reading time
24. Color Dots, reading time
25. Col-ored Text, reading time
26. Colored Text, errors
27 Blue-green Confusions
28. Color Dots, other errors
29. Colored Text, other errors
30. MFD, reversals
31. Age
32. Duration of Injury
33. Severity of Injury

I II III IV V 
-20 -71 -25 -22 -25

-56 -48 -09 -30 15 

-16 -76 -12 -14 -06

-14 -82 -17 -12 14 

-05 -80 -17 01 12 

-23 -76 -21 -07 13 

-08 -81 -04 -08 17 

-30 -61 -23 -30 27 

-06 -24 -88 00 13 

-03 -18 -90 -05 07 

-10 -21 -88 -13 06 

-04 -15 -89 -22 01 

11 19 15 -05 -57 

10 40 24 10 -59 

64 10 -08 -56 01 

73 07 -21 -42 12 

-09 -08 -09 65 -08 

28 41 31 -08 -30 

-12 42 05 -12 -27 

71 28 09 -01 -26 

-03 -49 -29 -59 -10

-15 -40 -29 -68 -05

62 20 11 05 -49 

38 34 13 19 -54 

25 28 05 11 -74 

100 32 08 11 -27 

05 -14 -20 10 -55 

68 05 08 09 -10 

57 15 18 -01 -45 

24 50 23 12 -42 

-20 09 21 18 -19 

17 -11 02 -15 01 

-04 -12 -15 -38 14 

Decimal points and positive signs omitted. 
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1. Word Groups
2. Information
3. Synonyms
4. Opposites

T a b l e  XV 
Rotated Matrix 

V arimax solution 

I II III 

-72 23 -23 
-49 27 -13 
-77 00 -14 
-82 20 -18 

5. Completion of Arithmetic

IV V VI 
22 -22 23 
36 -36 -45 
06 -15 -20 
04 -12 -16 

Problems -80 11 -16 06 03 14 
6. Arithmetic Problems -7 6 13 -20 24 ---07 13 
7. Pieces -81 20 -05 01 -07 -07 
8. Completion of Squares -61 30 -23 23 -31 00 
9. Finger Tapping, right hand -24 14 -87 06 01 12 

10. » » 1-eft hand -18 10 -90 -01 -04 -01 
11. Hand Tapping, right -21 07 -87 10 -13 14 
12. » » left -15 05 -89 -03 -21 -02 
13. Silhouette, reversals 18 --61 16 ---02 -05 12 
14. Symmetric Drawings,

reversals 39 --63 23 00 10 04 
15. SAET, r•ight 10 -01 ---08 -72 -49 05 
16. SAET, left 08 08 -20 -78 -33 16 
17. SAET, Symptom ---06 -10 ---08 20 64 09 
18. MFD, omissions 41 -35 31 -23 ---06 08 
19. MFD, errors 41 -23 03 06 -15 -24 
20. Maze 1 30 -29 09 -70 05 03 
21. Dot Aiming -50 -14 -26 06 -56 32 
22. Triangles -41 ---08 -27 16 -67 27 
23. Color Text, reading time 20 -53 11 -58 10 03 
24. Color Dots, reading time 35 -52 10 -40 21 -27 
25. Colored Text, reading time 28 -74 03 -21 12 -12 
26. Colored Text, errors 34 -43 12 -81 22 54 
27. Blue-green Confusions -14 -50 -24 -09 09 -26 
28. Color Dots, other errors 06 -12 07 -69 16 ---01 
29. Colored Text, other errors 16 -50 18 -51 05 08 
30. MFD, reversals 50 -43 22 -21 12 -08 

31. Age 08 -11 17 10 14 -44 
32. Duration of injury -11 03 01 -23 -13 ---08 
33. Severity of injury -13 15 -15 -01 -38 04 

Decimal points and positive signs omitted. 
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•i,s repeatedly found in the a.nalyses of brain injury group and this is
»-tapping speed». As pointed out eadier the group of bra.i,n injured
subjects seems -to be more differentiiated in the psychomotor area tha,n
are clinical control subjects! 1 

- The gestalt of the foUow,i.ng factor
appears somewhat unusual too. It is noteworthy that a domi!Ilant part
of the var.iance of the severity index can be explained with reference
to this factor. (The very low communal-ity of this variable must,
however, be ta:ken i.nto account.) Of the -three tests being represented
in this factor two ·are typical aiming -tests, variables 21 a,nd 22, and
the third i,s SAET. The iint1erconelarions of the critical variables do not
offer any reasonable basis for interpretation neither. The combination
of variables i1n this factor seems highly accidental also because the
SAET does not correlate significantly neither with sever.ity :index not
with aiming tests. (The test has, instead, conelations wi,t-h Maze-test
and with some of the Color Naming variables wich are, however,
immaterial from the poim of view of the present argument.) The last
factor is also problematic. It has loadings on Reversal variables and
Color Naming variables, which are, however, quite clearly represented
also ,in the first factor. The composition resembles to a certain degree
the factor termed Hexibil,ity factor -i,n the first part of the study. Because
of -the puzzling character of his last factor we may delay a bi-t on this
topic, which is on the other hand quite signiFica.nt from the poi,nt of
view of the problems of the study.

We may go back to the corre'laition 1tabl,e ('f.a.bl,e XIII) on page 57 
and list some of the trends and clusters observed -in the order to help 
the int:erpr,et,ation of the problematic factor-structure of the group. 

Firstly it is noteworthy that visual tests corr-elate rather highly wilf.1h 
reversal variables and also with the reading speed variables of the Color 
Naming test. The correlations of the Compledon of Squares test is in 
average somewhat higher indicating, probably, that the accuracy com
ponent is the more prominent one. Of the reversal variables the 
Silhouette seems to be most independent on visual ability and also on 
other subtra.its of inteUigence. 

Secondly, i1t is interesting to note that -the reversal variables correla.te 
» best» with reading speed variables. It must be remembered that the

1 This result may primarily have value concerning differential diagnosis of 
clinical groups, because, as we know the tapping and aiming tests are »normal
ly» represented on different factors. (Mean age of the group may, however, be 
a factor of significance in this respect.) 
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Symmetric Drawing and Silhouette are done without any time limit! 
The correlations may therefore be due to the common variance of the 
variables with intelligence tests in general. Interesting is that of the 
reading speed vadables it is just the last one ( time in readi,ng colored 
text) which correlates most highly with the reversals. 

Thirdly, the Colar Naming test appear symptomatic also in its 
connections with SAET, which correlates - besides the correlations 
with Maze test - significantly only with some of the Cot.or Naming 
variables. Quite i!nteresting is t'hat of the r-eading speed variables the 
first (black text) has some correlation with SAET v-ariables wherie-as the 
two variables measured in more difficult situat-ions have not. Instead 
the errors in reading color,ed text has peculiarly rather high correlation 
with the reaction time vari-ables of SAET. The error vari,able (26) 
correlates on the other hand, highest (besides the intercorrela,r.ions with 
other variables of the same test) with MaEe test, the correlation being 
so high as 0.73. 

Fourthly, worth of mentioni,ng is the fact that the reading and tap
ping speed variables correlate quite modesty with each other and also 
thait the aimi,ng variables do not correlate with the spe-ed variables 
eitiher. 

Now �t appears tha.t the complex and unusual variable combination 
of the last two factors (Table XIV) could be explained partly by 
reference to the bra.in injury itself and partly by referring to the pos
sible indirect influence it has on the performance of the injured in 
different situations. As it can be observed the fourth factor which 
combines SAET variables and Aiming variables (which do have only 
very low correlations with each other) has also a loading on the severity 
index variable. Apparently ,the variable combination is a con.sequence 
of the fact that both SAET and Aiming tests (Dot Aiming and Trian
gles) have a common varia.nce with .the seveDity index. On the other 
ha.nd, •Lt seems to be possible that the variance of injury increases the 
possible role played by such general factors - besides intelligence -
as general acc.uracy, attention, motivaition, error tolerance, flexibility
rigidity, etc. Woithin some variable compositions those factors can 
naturally coincide. This type of »abnormal» transformation could 
explain such unusual variable combionations aind factor-struc-rures as 
observed in the present -analysis and in the original analysis of brain 
injured (the flexibility-factor, Tables VIII and IX). This time, however, 
the use of .the term »ability» is perhaps less warr-anited. The factor 
configuration may be assumed to be ,a result of the influence of (brain) 
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i.njury on  test behavior; a k,ind of general syndrome of brain injury. In
the six-factor-solution the second factor may apparently be identified
with this factor. Both have the highest loadings (,again with the ex
ceptiain of SAET var-iablies) ,in variables which were on ithe basis of
earl:ier findings assumed to be sensit,ive to bra�n pathology.

Regarding the validity of the above ,arg.umentarion it shculd be 
observed that, from a formal point of view, an excessive number of 
factors were extrac-ted in the a,nalys,is. The resuks obtained may thus 
be regarded as a fortuitous outcome of this circumstance, rather than 
as an outcome of the effects of the injury upon behavior. I.t is see.n, for 
example, that •the communality of variable 26 already exceeds unity 
afoer the extraction of :two factors. (Another noteworthy point is that 
the loading of the same variabl•e on ,the first factor ,is already 1.00.) 
Consequently, if the formal criteria for the ,termination of factoring had 
been adher-ed to strictly, only two factors, at most, should have bee.n 
extracted. Nevertheless, since there weve grounds for assum,ing mat the 
phenomenon was associated with ,t'he commundity estima,tion method 
(use was made of the highest correlations) it was considered permissible 
to depart from the rigid formal criteria. Reconsideration of t'he matter 
led, however, to the decision to carry out a further rotation with four 
factors. This number of factors also meets rather strict cliiterion r,equi
rements. (The communality of variable 26 ,is essentially the same 
irr-espec,tive of whether two or four factors are included.) The result of 
the rotation is presented in the following table. 

This four factor matrix •is very clear-cut compared wi,th ma,ny of the 
previously obtained matrices. The first factor is apparently a general 
intelligence factor, the second factor, again is, a simple psychomotor 
speed factor. The third faotor is a test-factor accounted for by tihe 
inclusion of parallel test vari,ables ,in •the analysis. These form a factor 
on their own primarily on the basis of their 1ntercorrelations wi,th each 
other, raither than on the basis of their common vaci,ance with other 
vari,ables (which is quitie small .in this case). It is remarkable that the 
peculiar type of group factor which was previously assumed to be a 
resuk of the �nfl.uence of the brain injury itself, a kind of general 
syndrome of brain .injury (factor V, Table VII, and factor II, Table 
XV) al'.so appears .in ithe four factor matr-ix. The result ,seems to ,i,mply,
however, that the tests assumed to be sensitive to bra,in �njury are by
no means superior to the other groups of tests (general reasoning,
motor speed) included in the battery. In agreement with this as
sumption the loadings of the severity index are, relatively, of the same
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T a b l e  XVI 

1. Word Groups
2. Information
3. Synonyms
4. Opposites
5. Completion of Arithmetic Problems
6. Arithmer,ic Problems
7. P,ieoes
8. Completi-on of Squares
9. Finger Tapping, right hand

10. » » left hand 
11. Hand Tapping, right
12. » » left 
13. Silhouette, r•eversals
14. Symmetric Drawings, reversals
15. SAET, r-ight
16. SAET, left
17. SAET, Symptom
18. MFD, omissions
19. MFD, errors
20. Ma:ce 1
21. Dot Aiming
22. Tria,ogles
23. Color Text, reading tiime
24. Color Dots, r,eadi,og time
25. Col,ored Text, reading tiime
26. » » errors 
27. Blue-green Confusions
28. Color Dots, other errors
29. Colored Text, other errors
30. MFD, reversals
31. Age
32. Duration of injury
33. Severity of injury

I II III IV 

80 24 00 -15 

65 14 -24 -26 

77 10 -05 16 

85 15 -03 03 

78 15 -01 11 
79 20 -11 00 

81 03 00 03 

73 26 -02 -24 

25 89 -03 00 

20 89 05 02 

26 90 04 -02 
22 89 14 01 

-26 -16 04 45 

-49 -18 14 54 
-07 05 83 01 

-10 18 86 01 

-08 07 -45 26 

-46 -31 22 20 

-38 -02 -05 05 

-44 -13 54 37 

61 29 32 04 

56 30 29 -08 

-38 -16 41 57 

-51 -17 13 54 

-44 -07 04 67 

-56 -15 71 50 

03 19 -07 57 

-21 -14 47 31 

-33 -23 39 51 

-61 -24 05 33 
-10 -20 -29 12 

12 -04 22 02 

24 17 20 -21 

Decimal points and positive signs omitted. 
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order of magnitude on all the .11elevant factors. But the matr.ix is agai.n 
an example of the fact t'hat the reduction of the number of factors, so 
commonly met with ,in connec�ion with groups of the brain injured, 
does not in every case necessarily imply a lesser differentiation of the 
factor pattern. 

5 



C. Discussion

In reportin� the results certain aspects were already presented and 
some hypotheses put forward concerni-ng the -interpretation of the 
resuks or the partial problems met with in the course of the study. 
Hence, ,in this Discussi-on chapter the wriiter does not primarily i:mend 
to reconsider the separa-te results in detai.l; instead, the discussion will 
be deliberately confined to an analysis of the significance of certa,in 
principal results. (The reader Js also referred to the Summary ll!nd 
Conclusions chapter, where each of the sections of this study will be 
separately summarized.) The present discussion is concentrated on t1hree 
themes. The first one relates to the resultis of the cdterion analysis and 
the possibilities o.f developing it; the second one is concerned with 
single tests as ,indicamrs of brain injury, and the agreement of the 
results of this study with those previously obtained; and, f,inally, the 
conclusions ,to be drawn on the basis of the results of the factor
analytical s-tudy performed are subjected to discussion. The results of a 
discriminance analysis undoubtedly depend - just as the results g.iven 
by factor-ial ainalysi:s, for example - upon the samples and ,the compo
si,t!ion of the set of vari,ables employed. The results may also be expected 
to be different dependi,ng on how the variances of the variables sub
jected to analysis are related to one another and upon the rdaitionships 
between the groups mat are ,to be distinguished from each other. The 
last-mentioned relationships cover both the average distances between 
the group means and the diHer-ences between the groups with regard 
to the ,imercorr:elations of the variables. Can anything general then be 
said as tu the feasibi-lity of this method? 

fr should be emphasized that the present study is orientative particu
larly as far as the criterion analysis is concer.ned. It contains deficiencies 
and sources of error, which of course 11educe the rel-i:abi,lity of the 
conclusions. Although the results reported here seem to suggest that 
the method is capable of further development, it should obviously be 
home ,in mind that -some of the factors possibly affecting the results 
have remained outside the investi.gator's control. The non-sysrematic 
data collection is to be pointed out as one of the factors which may 
reduce the reliabi-liity of the results. It goes without saying that, from the 
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standpoint of the reliability of the method it would have been highly 
impor.mnt to ensure <that the reliability of each of ,the sub-variables 
would have been at least appro:ximateLy the same. There �s little doubt 
that j,n this regard the difference ·is largest between ,the recorded anam
nestic data and the clinic-al findings. The difference in discriminative 
power between the two variable groups probably reflects this state of 
affairs; this is liikely to be the case w1th the first analysis, in particular. 
It is only natural that the results of active measurement or examination 
are recorded more rieliably tha.n what ,the patiients report, mostly 
depending on •thei,r memory, about their observations and feeli-ngs. 
Furthermore, in this study the anamnestic i.nterv,i,ews with the patients 
were ,in several cases deplorably unsystematic, so that a great deal was 
left to depend on the patients spontaneity. (When the method is dabo
rated for.ther, an equal amount of att.ention should be paad ,to the dif
fering requirements of the •intraindividual and metric �nter,individual 
validity and reliability of clinical individual diagnostics.) On ,t,he other 
hand, there was a certa•in amount of non-systematicity also as far as 
the dinica·l examionations are concerned; this was due to the cliinical 
harmfulness of the PEG test included in the series. It was assumed 
that the patients not subjected ,to this test because of clinical contra
i,ndications would have b�en proved to be negative cases. Even if this 
assumption we1.1e correot, efforts must of course be made to elaborate the 
method •in such a way that it can be applied systematically without the 
danger of dinical compl,ications. It is i,ndeed possible that some minor 
changes, which might ha,ve been recorded as PEG-positive, would also 
have occured ,among the patients who were not tested. The impact of 
the di:rect PEG stress upon the psychological test results was a further 
variable outside the control of ithe invesoigators; ,such 0:n iimpact io, 
however, likely to appear when the neurological and psychological 
exam·1nations are close to each other •in time. The existence of this pos
sible source of error must be home in mind, even though it is perhaps 
not likely to affect the results essentially. Among the sources of error 
that may influence our statistical •inferences, attention should be called 
to the distributions of .the neurological sub-vaviables and the small size 
of the samples. In po•int ,of fact, the procedure applied here was un
orthodox, ,in that the correlations on which the discl.'iminance analysis 
was based were computed for variables divided only into two classes. 
This may reduce ,the reliability of the correlations and increase random 
var.iation, just as the smaU.ness of the samples does. 

Corniidering how many possible sources of error there ex,ist, the re-
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sults appear statisfactory a,nd seem to justify the expectat,ion that the 
method i•s capable of forther elaboration. In a later random sample the 
cornelation between the two scales amounted to + 0.67. Thi,s ap
pafle.ntly indicates that ,t!he rel:iabil,ity of the method can be increased 
sufficiently high for practical purposes. It Js possible, howev,er, that the 
technique will prove ,to crude as far as the discrimination of other 
dimensions of i,njury are concerned. - As regards the relevance of the 
method, on the other ha:nd, -it may be advisab1e at this stage to refrai,n 
from advancing any f.ar reaching c:onclus�ons. It may be suffic,ient here 
-co refer to a previous paper (Weckroth and Pihkanen, 1962) where this 
topic was discussed. The topic will be further discussed :i,n the second 
volume of tfos report. It is possible that the method will only prove 
appropfliate •in cases where the dimension may be considered to consist 
of a flesultant effect of a number of different factors in an accumulative 
way, as it were, and this is obviously the case wi-th the sevedty of brain 
lfiJUry. 

Recently many i.nvestigators have strongly emphasized that brain 
,injury is by .no means a unitary trait ,in respect to which individuals 
could sharply be diHerent,iated into brain�i.njured and non-braiin
injured. Besides the j,ndividuals own casuistic eti.opathogenetic picture, 
.the brain-pathological c.ondi,t,ion can be described by means of several 
general dimensions, as dizease-,injury, general etiopathogenetic quality, 
chronic acute, type of locaioion, seveflity of wauma, etc. (cf., for example, 
Morrow and Mark, 1955). For 1>he present, i,t has .not been possible in 
any way to demonstrate clearly how these dimensions are related to one 
another. It -is possible that some of these dimensions are simply linearly 
dependent on one another -or that they are partly dependent on one 
another. In addition, -it •is possible that the correlations vary between 
different dimensions (e.g. between severity and duration, Location and 
duration, etc.) -or that some relations are complex and some are simple 
(e.g. the location of some injury - say - »vascular case» may be 
altered w,i,th ,increasing duration). Without a more pr,ecise explanat,ion 
of the stmcture and intercorrela,tiinns of such dimensions as mentioned 
above, the study situation becomes irrational, because we do not know 
whether the groups we are stiudy1ng or the individuals we are com
par,ing with one another really should differ from one another. Liter
ally we cannot demonstrate in what other respect the groups differ 
from one another except ,in regard to the dependent variable, as far as 
any difference exists. The cfliteria with which several studies have had 
tu be satisfied have been i,n itself very crude. A mere subjective diag-



69 

nosis as such cannot be considered valid from a scientific point of view. 
- Thus, the situation is irrational in the sense tha.t in the scope of
psychological braiin-damage investigati-on at the moment the differ
ent,ial sensiotiviity of several psychological methods ,is in a way being
sharpened ,to increase the validity of brain-damage diagnostics - as if
the windows were already bei.ng deaned in a house the foundation of
which •is .not yet r,eady. The consequences of the situation manifest
themselves ,in two ways. Seemingly similar groups may lead to contra
dictory results, and it is not known why. We do not .know if supposedly
different or similar groups are manifestly so. Thus, a relevant de
,scription cannot be offered of the traits which we assume we are
dealing with. This further result,s in ,the fact that investigators use
similar names for different operaotional concepts or different names for
same concepts. It is clear that in this way we cannot go far, as long as
there is the least desire to develop psychological theory or manner of
description along wi,th empirical expositions.

In quite a few studies there has undoubtedly been awareness of these 
simultaneously operating factors a.nd their possible contribution to 
faulty conclusions. Thus, to elimi,nate errors of this type, for instance, 
at-tempt have been made to homogenize the groups in respect to such 
factors as type, dur,acion, degree of severity, and/ or locauion of injury. 
Now, however, it is not folly certain if we can work so simply on the 
assumption of l,i,near relations in this area. It may be, for example, that 
duration of certa1iin lenghth ,is always associat)ed with a certain degree 
of severity or that a certain location is likely to be allied with a certa,i,n 
mean degree of severity, and so on. It may prove .nearly impossible to 
obtain, for instance, a severity measurement entirely independent of the 
location of injury (cf., P,iercy a,nd Smyth, 1962). On the other hand, 
locatfon may be of essential significance as to whether a trauma should 
be considered s·evere or not. For instance, a lesion of the left cerebral 
hemisphere may be severe -if we consider verbal behavior but quite 
slight in respect to performance calling for eye-hand coordination. As 
far as differential-psychological theory formation is concerned, fr would 
be essential -to get an opportunity to analyze, for instance, the selecti<ve 
influence of focal traumas on different aspects of performa,nce. Speci
fic focal damage or lesions may, however, affect in different ways test 
performance in accordance wi.rh the relative degree of severity of 
injury. In addition, the degree of severity may be a certai,n k,ind of 
general intracranial qualiity or one concerning the whole personality, 
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even though the damage or lesion causing the severity were very 
specific and strictly definable. 

It seems to me that the best way ,to proceed while pursuing a solution 
to these complex problems would to be make a systemaoic structural 
analysis of the relevant trai-rs that describe the variable under iinves
tigat.iion or the so-called independent variable in different respects. I,n 
this, we may not be satisfied with the usual approach or, in other words, 
the manner ,in which homogeneous groups are formed on certaiin more 
or less subjective grounds and then compared with one another; instead, 
we may attempt to use as another basic starting point the variances 
with1n groups formed on the basis of diffevent critieria (in ot-her words, 
the diHerences betweien individual,s ,in a deviant group or in a control 
group). 

Not until an attempt ,is made ,to describe those differences - i,n 
short, the variance within a gmup - can we hope to obtaien i.nfor
matfon on the extent to which such commonly-spoken dimensions as, 
for example, sev·erity, location, etc., are real, and on the degree to which 
they are rdevant. By no means is it a matter of attempti:ng to make the 
greiups under investigation heterogeneous instead of homogeneous, but 
only the fact that <the variances, the interi.ndi,vidual differences, within 
the groups form the basic starting poiint of analysis. If one can find 
several measurable traits which bear a certain relation to the under
lying independent variable that is bei,ng investigated, the covar·iance 
of these traits may be regarded as fixed points ,in regard to which some 
kind of ,idea of the »structural distance» of the groups ca,n be formed. 
In this way it may, according to the present writers opinion, gradually 
grow possible to descr·ibe more accurately the investigated brain-patho
logical conditions on the basis of certain quantitativiely varying dimen
sions. 

When the braiin injury investigat1on is considered as a whole, it 
would appear to be most impor.tant to arrive at an inter.nat,ional 
agreement about nhe basic set of variables - at least a limited one -
,in terms of which the similariities and dissimilarities between different 
groups could be described. Thus a gradually ,increasing uniformity of 
the language used by different investigators might also prove possible, 
and more knowledge might be gained about the factors responsible for 
contradictory results. It might of course be diHicuk to reach agreement 
concerning the selection of variables to be used as a basic measure
ments. In point of fact, the results ,ar,e -in this connection -influenced not 
only by the composition of groups subjected to investigation, but also 
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by the choice of the sub-traits. As was pointed out above, the choice of 
the set of variables applied here may be cdtized on a great many 
grounds. In this respect the pr.esent study is an oriientative expe1:1imenit. 
J.t would appear, however, that agreement between tiifferent investiga
,tors could be reached concemi!ng •such a limited set of basic varfables a,s 
would be as nearly objectiive as possible, could be systematically applied 
a,t different institutes, could be classi�ied •in greater detail, and so on. 
Thi,s might perhaps make it also possible to arrive, in the specification 
of the crfrerion sub.traits, »at methods which are complex enough to be 
adequate and simple enough to be manageable». 

The validity correlations of the tests assumed to be »indica:tor.s» of 
brain ,i,njury show that, despite their multiple correlation of 0.74 with 
the criterion, fairly considerable overlapping between the brai,n injured 
group and the control group is found to occur i,n indiv-idual traits. 

The results lend support to those obtained by Graham 0Jnd Kendall 
(Graham and Kendall, 1946) as to the power of -the Memory-for
Design test to discriminate between the brai,n injured and ,those with 
no brain injury is concerned, even though in ,the present study a scoring 
me�hod different from the original one was used. Partly on the basis 
of Goldsrein's wellknow,n results, it was desired to construct var,iables 
that would be associated with the abstractness-concreteness dimension. 
The difficulty of the mastery of abstract images or actiivicies occur1:1ing in 
br.ain injured pat•iients -is revealed very clearly in a ,task as simple as 
when they are asked to draw a liine symmetric wrth a model line. 
Likewise, i:n the MFD test the reversal,s manifested themselves i,n the 
concretization of a recalled gestalt. On the basis of the results of the 
,transformation analysis ,it may be suspected, however, that a part of 
the signifirnm differ,ences encountered in the reversion traits stems 
from a general difficulty ,that the braiin injured persons find i,n 
mastering v-isual images. In condnuing the study, particular attention 
will be paid to the devielopment of these test var.iables. The infl.uence 
of spatial ability could possibly be diminished by administer,i,ng the 
MFD test in a multip1e choice form. The disturbances occurring i-n 
the area of simultaneous gestal.ting are also noteworthy in this context. 
It appears that the rotatiion of gestaks is not a disturbance speoifically 
related to the memory performance, but, instead, a disturbance which 
may also occur in connection with a reproduction which the subject 
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performs with ,the model pattern continually before his eyes. A mulci
phase series, where the most deme.ntary task would be simple copying, 
the next task symmetric copyiing, and so on, might be capable of 
eluc.idatiing the area, i.e., the sub-function, where the disturbance is 
act'Ually located. The plan for continuing the present project actually 
includes the elaborati,on of this kind of gestalting test. 

Niilo Maki, 1 for example, has prev.iously given attention to the 
blue-green confusion iin the bra.in injured when they are asked to name 
colors. It seems•, however, ;that what Js concerned is a compara-tiively 
specif,ic trait, suspective to injuries with a certai,n partfoular localization 
only. A revalidation study is i:n any case necessary before anything can 
be said of the discriminat,.ive power of the trait i,n quest-ion. The 
comparatively high correlation with the reading speed variable 
attracts attention. The Stroops Test was included in the battery owing 
mainly to the complicated subtask contained ,in it; on the other hand, 
it was not expected that quite simple measures of the reading speed 

. would also corr-elate as stmngly ,as they did with the criterion. A wn
crete picture of the different degrees of s.iginificance of the complexi•ty 
of the tasks in connect.ion with bra.in injuries is given by the inter
relat,.ions of the d.iscr.imi.native power of the various basic readi,ng speed 
variables of the Color Naming test (Table III). The differences be
tween the means will be commented on briefly at a later rnntext. The 
Spiral test, ,too, seems to be comparatively specific. On the other hand, 
some of the control subjects were found to display the spiral symptom 
without any other signs of brain injury. The poor result may be partly 
due to •the scoring method apphed. As appears from Table XIII, the 
SAET is •actually .independent of the other component factors of in
teH.igence. Th.is f.act would doubtless be advantageous in v•.iew of the 
useab.il.ity of the test provided it does not mean that the variables 
formed ,in this way do :not correlate wi,th any other variables either. 
It is ,indeed possible that the time variables of the SAET have no 
rele\nance in cases of brain injury, and that ,the only relevant th.i,ng is 
whether the S sees or does not see •an after�image. This problem too is 
intended to be taken u,nto account in condnuation studies. 

Some remarks may be made on the results concerning the differences 
between the means. In the case of ability tests, .i,n part-icular, the system
atically weaker results of the brain ,i,njured deserve attention. The 
result was agai.nst expectations. Seen aga.iinst this background, the very 

1 Personal communication. 
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minor difference i,n the Information rest appears to support the 
hypothesis -u,nderl ying some of the deterioratiion indexes employed, viz., 
that, notwithstand1ng the brain injury, the mastery of the acquired 
amount of knowledge »holds», wheveas the performance on verbal 
coprehension testts, for example, »does not hold». However, no dif
ferences between test variables were systematically computed. Par
ticuliar a,ttiention should perhaps still be given to the discr,imina,tiive 
power of such tests as the Aiming tests, the Maze test, a,nd the Finger 
Tapping test. The verbo-motor varia,bles were already referred to 
above. All of these tests with good discriminative power involve a 
motor (or verbo-motor) component. I.n describing the resiults of the 
factor a,nalyses it was repeatedly discovered that the bra-in •iinjury group 
wa-s, in a sense, more differenti•ated than the control group with regard 
to the simple motor area. How far these two facts are symptoms of one 
and the same basic cha,nge rema.ins •a,n open question. On the basis 
of the results of the factorial a,nalyses, however, one would be inclined 
to expect ·that the difference between the groups would have been 
marked particularly i.n the tapping variables. No alarmingly large di.f
ferences were encountered .in the variances of vabriables 14 and 15 
either. However, no more detailed analysis of the results appears 
,necessary here. The reader i,s veferred to the comments presented in 
describing the r,esults, as well ,as to the Summary and Conclusions 
chapter. 

A few years ago the present writer carried out some pilot studies 
concerning the �nHuence of physical stress on performances of mental 
a,rfrhmetic with univ,ersity students. In the test situation the subjects 
had to do problems of mental avithmetic at the same time as they had 
to carry weights totalling 20 kg in the hands, whereas the Ss Jn the 
otherwise indentical control situa11ion had to do the problems with no 
weights. (The experiment and control situations were, of course, 
randomized.) It was expected that the results in tihe nest situaition would 
prove -i:nfe11ior to those i,n the control situation. This was actually the 
case but - significant enough - with only a half of the group. J.t 
was found that the speed of the performance of the male students 
decl1ned ,somewhat, but tha,t the femal,e students did the problems 
significa.ntly faster under physical stress than without it. To account 
for the result it was hypothesized that the differences between the 
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groups were perhaps due to al-terations in motivation. Provided the 
hypothesis were correct (though it was not possible to verify), �t might 
further be assumed that the differences in original physical capacity 
would correlate differently with ionter-individual differences i.n mental 
capacity within the two groups. Now, .j,f the physical c.apacity had 
actually been meaisured, it would (a:t least ,if ,the hypothesis concern
ing motivat1on would be correct) hav,e had, in the femal-e group, a 
negative correlation and, in the male group, a positive correlation 
with mental performance! 

The present writer feels that the numerous changes and structural 
dissimilarfries to which aittention was repeatedly devoted in connection 
with the factor and transformation a,naly,ses described in the empirical 
part of this stiudy are, m11,tatis mtttandis, analogous w�th the structural 
change of a principal nature which appeared in a very overt shape in 
the prel,iminary experiment referred to. The appreciable differences 
which were encountered not only -i:n the number of factors (that is, 

i.n the degree of their differ-entia,ti,on) and in their Jnterrelationships,
but also in the factorial compositiion of the variances of the different
variables, may from this point of v•iew be interpreted as reflecting
the interact,ion between the brain injury and other concurrent, ca
pacitmy factors (such as age), on the one hand, and certain perform
ance factor (such as response set, motivation, adaptation, etc.), o,n the
other. Thus, the ,intention has not been to assert, on the basis of the
results of the factor ·analyses, that what is concerned would actually be
changes caused by the brain injury •1n the performance structure itself
- granting that some k1nd of a basic structure can be spoken of. What
is wholly obvious, on the other hand, is that in the case of individ1,als
stt//ering from the after-effects of a brain injttry at least some of the
mental abilities cannot be measttred in the same way as in the case
of intact individttals.

Now the reader may be inclined to refer to the criticisms advanced 
by Super (op.oit.) and point out that structural distortions of this kind 
may even be expected to occur when use is made of so-called pure 
factor tests, which may i,n general give a somewhat artifidal and super
ficial picture of the mental performance capaci-ty itself. Furthermore, 
the following question may be ,asked. If an instrument (such as, say, a 
pattern method) is valid, •is it necessary to know all the factors ac
counting for its validity? At this point the reader •is referred to the 
Introduction. It must be emphasized that the abili.ty structures are 
different and the changes are different in different tests and in dif-



75 

ferenit factors. No general change is di,scemi,ble. (If not tihe observa,t.ion 
that the factoriial composi-tfon of many test variables is very susceptible 
to brain injuries i-s not regarded ,as such a typical change.) It is obvious 
that if the variances of different sub-variables are accounted for by 
different factors, comparations of different groups in terms of the inter
relationships of different sub-variables, for example, is not meaningful 
from a strictly scientific point of view. On the other ha,nd, it must 
certainly be considered a,n inher,ent characteristiic of all factor rests that 
they are - if any.thing - int,ended to measure certain dimensions. 
In so far as differences may be demonstrated in these simplified a,nd 
superficial tes-ts, it is .to be assumed that the same dimensions also 
i.nHuence in different ways-the mor,e complex, multidimensional tests.
Here ,a reference may be made to Cohen's results (op.dt.), although
a.n IQ test battery is hardly more complex than the test batteries used
in the present study. We may ask whether such sources of error and
other influences could hav,e been -eliminated ,if use had been made of
so-called power t·ests? Certain research res-ults appear clearly to suggest
that speed tests aind power tests may pertain to mental performance
components tha,t a,re whdlly independent from each other (cf., e.g.,
Nummenmaa, 1960). The answer to this question must be left to
depend on the results of continuation studies. Here i•t may only be
sufficient to point out that practical considerations place certain limits
to its exploration. It is not impossible, either, that one�ided factor
tests wi.fl prove somewhat more relev,a,nt when use ,is made of dif
fer�mrial-diagnos.tic profile techniques, for ,example; but chat, -as far as
general •appraisal of an individual performance capacity is concerned,
this may ,cake place ,�n a more valid way with a power ;tests. It is possible
that the brai,n injured, who are easily irritated .in general, are very
allergic to the stress resulting from a time limit.

Finally, a short .note should be added concerning the importance 
of the results for indi'Vlidual diagnostics. As far as diagnostic acoivi•ty 
i•s at all conceived as co.ns,i:sting of the prognoses concerning certain 
component variables, it is clear that knowl,edge of ,the interrelationships 
between these component variabies ,is regarded as important. I.n so far 
as it •is possible to show that the int,errelations of the basic dimensions 
involved in certain tests ar,e different depending on whether the tests 
are administer,ed to a brain injury group or to a contml group, this 
ev-idently implies somethi-ng concerning the probability of successful 
prognoses. Clinical experi,ence may of course aid one in avoiding gross 
mistakes. From the psychometric point of view you must primarily 
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seek to develop the tests in such a way that they invariably measure 
the same dimensions irrespec-tiive of the composi•tion of the group to be 
tested. 

SUMMARY AND CONCLUSIONS. 

Thi:s research report consists of three parts, the f frst of which 
is a description of the set of problems under study, the second an 
account of the empirical investiigation, and the third a discussion of the 
results obtained. The empirical investigation consists of two parts of 
which the latter must be regarded, in part, as a kind of cross-check of 
the former, even though i,t was primarily iintended to supplement the 
first parr. As to its general approach the investigation may be charac
tieri�ed as a psychometric. 

The following pmcedures, statistical computations and analyses were 
adopted ,i.n the course of the study: 

Pa rt I 

1. Criterion of Brain Inj111y.

ln order to obtaiin a rdiablie unidimensional criterion of brain 
injury a discr-imi,nance analysis wa•s carried out. The measurement 
of c:he sever-ity of brai1n ,injury was assumed to be one of the 
poss,ihly relevant cri-terfon dimensions which may characterize the 
devi;a,ncy 1n questiion. (The study have been continued lat-er on 
i:ncluding the measurements of location and duraition among the 
cr-i•rerion dimensions.) The dii\'icriimina,nce anal.ysi,s was based on 
twe.nty anamnestic data or neurol:ogmcal findings which were chosen 
from the routi,ne case records kept at hospiita:ls according to the 
a,SSJUined relevance of the tralins as a subJmeasuvement of the 
degree of severity of bra1n injury. When one hundred paitients had 
been tested a neurologist subjectively estimated the severfry of possibly 
brain i,njury of each subject on the basis on the inJivi<lual symptoms 
on the twenty -traits. The sample consisted of both braiin i.njured and 
non brain injuved subjects. On the basis of tihe four-point scale das
sif.icatiion a discrimi.nance analysis was carried out. A severity index was 
computed for each subj,ect according w the discriminant coeffiidents 
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obta1ned. To test the reliability of the rating a,n other neurologist was 
asked to rate the same sample of one hundred subjects. On the basiis 
of the observed correlation +0.946 it was concluded that the subtraits 
had the same meaning for both neurolog-ists. 

2. Validity Correlations between Criterion and Test Variables.

Following the formation of the criterion dimension an orientative 
study was made to examine the validity of the tests included in the 
battery (of 18 tests) under the ass,umpliion that they are sensitive to 
brain pathology (Color Nami.ng, SAET, MFD, Symmetric drawing, 
SilhoueMe). All the va1idity correlatiions were positive and, with the 
excepti,on of SAET, siignifica,nt (at the 5 % level). On the basis of 
observed multiple correl,atic,n between the te.st variables and the 
cr,i.terion R = + 0. 7 40 it may be concluded that the tests have 
together a satisfactory status validity to discriminate more severe braiin 
injured from less severely i-njured. This result gives simultaneously 
some evidence concerning ,the relevance of the criterion dimensions. 

3. Comparison of the Mean Performance of Brain Injury and
Control Groups. 

The groups to be compared were formed on the basis of individual 
severity indexes. Seventy subjects were ,induded in both groups. It 
was observed that the brain injury group was inferior to the control 
group without exception -i.n all the ability and performance tesits 
included in the battery. The differences between the groups were 
hi•ghly signif,ic.ant with regard to the following tiest variiables: Color 
Naming test (Colored 1text, reading time, Difference in time reading 
bl,ack or colored texts Color dots, reading time); Verbal tests (Word 
Groups, Opposites); A,imi,ng tests (Dot Aiming, Triia:ngles), a Visual 
test »Pieces»; Memory for Desi<gn (reversals); and Silhouette, rever
sals. On the other hand, :the Information test did not differentiate 
significantly the groups from each other. It may be concluded that 
the battery may be considered as a valid instrument too discrimd.nate 
more severe i:njured from less severely injured in terms of the oper
atiional defini,tion given but as a differential diagnostic tool it hardly 
has any value. 
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4. Comparison of the Ability Structures of the Groups.

Factor analyses and a transformation analysis were carried out on the 
basis of the intercorrelations between the 21 testvariables (+age). 
J.t was observed that the ability structures of two groups differed
remarkable from each other. In general the number of factors ne
cessary for explaini,ng the variances were greater •in the control group
(six and five respectively). There were also other ,not unimportant
qualiitative differences between the factor structures of the groups,
:iindicati:ng most p1.10bably that :the bJ.1ai.n injured subj·ects are liable to
handle the tasks with the »aid» of different underlying factors than
do the subjects of the control group.

Two differem kinds of »abnormal transforma.tion» were establi:shed 
in the brain injury group in wnnection with more promi:nent tendency 
toward a formation of »general factors»: First, tests normally ap
pearing on different factors are likely to appear on one and the same 
faotor. Second, rests normally representing distinctly dif£erent areas of 
performance may together form a factor of their own probably beoause 
some v,ery specific characteristics common w the tests (e.g. a set, 
method of exposme, etc.) may come ,into operaition under the influence 
of brain injury. l,n addition -it was observ·ed that the characteristics 
of the factors pattem were more dependent of the rotation method 
used i,n the bra:in injury group than i:n the control group. 

On the basis of the results there seems to be convincing reason to 
sitress ,the importance of a clarification of :the structure of the variance 
withi,n the devia.nt gmup befoJ.1e proceec·ing to a wider use of any kind 
of pattern analytical method bas,ed on a compar,ison of different per
formance subtraits. If we can accept the operational definition given 
the results ·indicate that some of ,the performance tests may have an 
entirely different character for a brain injured subject. Without such 
a general »analysis of co-varianoe» we do not have any idea what 
»holds» and what does ».not hold» in a performance profile. Under
such circumstances relatJvely large differences may easily be, and
have been, found ,i,n comparisons of mean patterns of different groups
partly because some of the testperforma.nces do not be symptoms
of i,ndentjcal underlyi,ng abilities (dependent variables) in different
groups.
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Pa r t  II 

5. Continuation of Analysis of Factor Structures.

A number of exper,iments were made with different types of factor 
solutions to test the depe.ndency of the established factorial paittem on 
the mode of description. The structural characteristics being the main 
theme of the study special attention was paid to ,the number of factors 
and their degree of di.ff.erentiation. A number of matrices were com
puted varying the number of factors, the determinant of the cosinus 
matrix (seleoti,ng more and less orthogonal pattern), and the level of 
communal.ity required for a testvariable to be selected to a factor 
,test (= test vector). - Again it was found that the factor pattern 
of the brain injury gmup was not so clear cut as that of the control 
group. Quite ofren tests have loadings on several fac-tors simultaneously 
and tests being represented on two factors in the control group appear 
on one ,and the same factor -in the brain .iinjury group. Also one peculiar 
trend was observed. Whereas in the former, in all the analyse-s, the 
speed variables (reading, tapping, and aiming speed) consistently 
appeared on one and the same factor, .the aimi-ng and tapping variables 
always formed two disti,nctly different psycho-motor speed factors in 
the latter. The reading speed variable was likely to be associated with 
verbal comprehension tests in the brain injury gr,oup! It was established 
that with respect to this eye-hand-coordination-motor-speed area the 
brain injury group appeared to be the more differentiated one as to 
the factor structure! The prac,tical implica.llions are, of course, not less 
important. 

6. A Discriminance Analysis of Anamnestic and Neurological
Findings with a Grottp of Severely lnjmed. 

A cross-val1idation study on the discrim1na,nce analysis performed 
duri.ng the first part was made on the basis of same measurements and 
suhtra-i-ts. Also the ratings were made by the same neurologist. The 
tr,a,its were reanalyzed because in the original study the PEG, for ex
ample, was not made to all subj,ects (depending on i•ts extreme charac
te.l'istics as a clinical instrument). 

The analysis was made on 62 severely •injured subjects. Marked dif
ferences was observed between the figures of the two analyses. There 
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also appeared differences regarding the relative share of var�ous sub
traits as discriminators (discriminant lo'<ldings). A correlation between 
the two indices - in a group of 70 randomly selected subjects -
attai,ned a value of r = + 0.67, which was considered sacisfactory, 
having in mi,nd that the last group was very homogeneous as to the 
relevant character,istics. However, especially the data collecting and 
recording system can be strongly cr.itized. A thoroughly revision of the 
met<hods is needed in order to ,achieve a reliable set of subtrai,cs which 
can be systematiioally carried out with every patient. 

7. Factor Analysis of the Ability Structnre of the Group of
Severely Injurei. 

Factor analysis was carried out on the basis of intercorrelaitions of 
33 variables, ,including 30 testvariables ·and •age, durati,on of injury and 
severity�index (based on .the results of the above mentioned discrimi
nance analysis). Three different rotations weve tried (with six, f.ive, 
and four factors). The total variance within the group were sati6-
factorily expla:.i,ned - according to the authors opinion - by referri.ng 
to four factors which were: a factor of general intelligence, a simple 
psycho-motor speed facoor, then ,a ,test factor having •the highest 
l-oadi,ngs on SAET v,ariables, and a faotor tentatively inrerpret-ed as
»,a general syndrome» of braiin iinjury. This last factor is loaded on
tests assumed to be sensitive to brai,n pathology. The loadi,ngs of the
sever,ity iindex wer·e rda.cive of the same magnitude on all the relevant
factors. The correlacions between severity index and various test
variiables were, however, in general very low. Also in this matrix (as
well as in the other trial,s wi-th f.ive aind six factors) the t•apping speed
variables form a factor of their own. The aiming and verbo-motor
speed varjables were more closely connected with higher functions.
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Appendix 1 

Table I Table 2 

Centroid Matrix Centroid Matrix 
Control Group Brain-Injury Group 

I II III IV V VI h2 I II III IV V h2

1 67 21 -12 28 22 09 64 1. Completion of Squares 1 61 -24 20 05 08 48 
2 66 33 27 -11 08 -20 68 2. Word Groups 2 80 21 27 -19 09 80 
3 73 33 19 06 -13 -12 71 3. Synonyms 3 69 19 22 -17 -22 64 
4 71 44 19 -20 -04 21 82 4. Opposites 4 74 22 21 -33 -20 79 
5 69 21 34 -30 -11 03 74 5. Arithmetic Problems 5 74 10 23 24 15 69 
6 61 38 11 -32 17 05 66 6. Completion of Arithmetic 6 70 -04 15 06 -18 55 

Problems
7 58 28 -04 -09 25 14 51 7. Pieces 7 63 -09 19 -20 03 48 
8 43 41 33 22 -07 -27 59 8. Information 8 55 40 19 -25 30 65 
9 59 06-20 29 34 12 61 9. Maze 1 9 47 -20 -28 20 20 42 

10 53 -17 -30 22 29 -19 57 10. Maze 2 10 45 -43 -18 13 18 47 
11 65 -26 30 -16 -07 10 62 11. Color Text, time 11 69 25 05 07 06 55 
12 49 -14 10 04 12 -12 30 12. Diff.; black text-colored text 12 51 08 05 32 -31 47 
13 56 -43 11 18 -13 14 58 13. Dot Aiming 13 80 09 -24 20 11 76 
14 42 -47 08 30 17 -10 53 14. Triangles 14 62 27 -36 35 06 71 

15 48 -60 12 14 07 13 65 15. Finger Tapping 15 48 22 -41 -37 -17 61 
16 49 -56 19 15 -10 23 68 16. Hand Tapping 16 59 27 -46 -23 -03 69 
17 -25 29 08 23 19 29 33 17. Finger Tapping, diff. right-left 17 12 27 23 29 30 31 
18 -25 10 07 38 23 11 29 18. Hand Tapping, diff. right-left 18 -13 34 21 31 18 31 
19 46 24 -50 06 -41 16 72 19. Symmetric Drawing, reversals 19 48 -36 06 -09 23 42 
20 39 27 -42 04 -20 15 47 20. Silhouette, reversals 20 39 -42 24 15 -19 44 
21 67 19 -09 06 -17 -10 54 21. Memory for Design, reversals 21 63 -18 -16 -16 26 55 
22 26 -32 -44 -24 10 19 47 22. Age 22 47 -31 -05 17 -34 46 " 

Decimal point and positive signs omitted. 



Appendix 2 
Table 3 Table 4 00 

00 

Rotated Matrix Rotated Matrix 
Varimax Solution Extended Cosine Solution 

Control Group Control Group 

I II III IV V I II III IV V 

1 +45 +24 +31 -17 +so 1. Completion of Squares +30 +28 +34 +45 +19
2 +n +11 +07 +oo +14 2. Word Groups -14 +69 +os +11 +02
3 +73 +21 +32 -07 +06 3. Synonyms -14 +68 +34 -06 +19
4 +84 +02 +21 +09 +10 4. Opposites +10 +56 +43 -14 +2s
5 +81 +18 +06 +21 -06 5. Arithmetic Problems -19 +60 +11 -20 +29
6 +75 -07 +o4 +18 +25 6. Completion of Arithmetic -11 +39 +33 -02 +01 

Problems
7 +55 +o3 +12 +06 +41 7. Pieces +os +21 +41 +1s +10 
8 +59 +09 +17 -35 -04 8. Information .00 +79 .00 .00 .00 
9 +28 +28 +22 -13 +61 9. Maze 1 +38 +09 +21 +64 +18

10 +09 +37 +20 +04 +58 10. Maze 2 .00 .00 .00 +78 .00 
11 +49 +ss -04 +26 -02 11. Color Text, time -09 +33 -10 +06 +56
12 +31 +38 +01 +06 +21 12. Diff.; black text-colored text -21 +20 +o4 +16 +24
13 +01 +65 +21 +17 +16 13. Dot Aiming +02 +12 +02 +14 +68
14 +02 +67 -05 -05 +26 14. Triangles -08 +02 -16 +36 +44
15 +os +76 -07 +1s +16 15. Finger Tapping -08 -09 -06 +16 +10
16 +10 +n +01 +13 -01 16. Hand Tapping .00 .00 .00 .00 +83
17 -04 -26 -10 -40 +06 17. Finger Tapping, diff. right-left +62 .00 .00 .00 .00 
18 -18 -07 -12 -46 +11 18. Hand Tapping, diff. right-left +40 -07 -02 +02 +o3
19 +18 +oo +78 +18 +11 19. Symmetric Drawing, reversals +os +06 +73 +08 +o4
20 +19 -07 +59 +12 +21 20. Silhouette, reversals .00 .00 +74 .00 .00 
21 +49 +22 +45 +01 +15 21. Memory for Design, reversals -09 +44 +32 +20 +10
22 -12 +16 +12 +so +35 22. Age -02 -45 +14 +44 +08

Decimal points omitted Decimal points omitted 
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Appendix 3 
Table 5 

Trans/ ormation Matrix 

I II III IV V VI � X (Ch) � X 2 

1 +135 +143 -150 +o43 +107 +022 +300 075 
2 -148 -076 -086 +116 -025 +279 +060 127 
3 +057 -089 -062 +009 +293 -164 +o44 128 
4 +057 -058 +o91 +238 +170 -018 +480 101 

5 -010 +147 -055 -389 -255 -167 -729 269 
6 -062 -027 +132 -122 -023 +027 -075 038 
7 +o17 -058 -003 +216 -155 -142 -125 095 
8 -112 -104 -012 +142 +024 +168 +106 072 
9 +195 +o51 +238 -012 -008 -111 +353 110 

10 +023 +079 -031 +034 -072 -142 -109 034 
11 +026 +on -178 -105 -098 +259 -024 125 
12 -004 -100 -149 -355 +226 +001 -381 209 
13 -154 +126 -050 -210 -052 -063 -403 093 
14 -149 -210 +024 -296 -011 +132 -510 172 
15 +104 -080 +052 +390 +o65 -165 +366 203 
16 +033 +o17 +132 +204 -017 +074 +443 066 
17 -229 -014 -047 -156 -024 +207 -263 123 
18 +ooo -190 -166 -222 +024 -258 -812 180 
19 -085 -039 -004 +020 -193 +289 -012 130 
20 -025 -006 -126 -225 +095 -002 -289 076 
21 -004 +070 +197 +088 -158 -215 -022 123 
22 -260 -118 -139 -022 +108 +256 -175 179 

Decimal points omitted 
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Appendix 4 
Table 6 

(ACL-FB) (DLJ- 1 

Number 
of test �x Ch �x

2 

1 -01 +o9 -21 +18 +13 -03 +14 +14 10 

2 -14 -25 -93 +59 -47 +61 -58 -58 1.88
3 -06 +48 +35 +12 -06 -62 +20 +20 76 
4 +62 -34 +33 +15 +17 -02 +90 +90 65 
5 -69 +53 +21 -66 +14 -35 -82 -82 1.37
6 -17 +19 ±00 -13 -21 +o4 -28 -28 13 
7 +63 -71 +61 -22 +57 -06 +83 +83 1.65
8 +08 -27 -48 +42 -29 +38 -16 -16 70 
9 ±46 -13 +n -45 +40 -11 +94 +94 1.19

10 +23 -18 +42 -29 +41 -22 +36 +36 57 
11 -59 +16-1.04 +4o -39 +54 -92 -92 2.05
12 -12 +1.28 -52 +28 -77 -45 -1.34 -1.34 4.12
13 -47 +41 -10 -26 -10 -24 -76 -76 54 
14 -94 +73 -62 +22 -87 +09 -1.39 -1.39 2.61
15 +1.07 -81 +86 -05 +68 -17 + 1.57 + 1.57 3.04
16 +62 -59 +14 +03 +22 +34 +75 +75 91 
17 -66 +35 -89 +29 -67 +32 -1.26-1.26 2.00
18 -66 +n +36 -15 -12 -77 -62 -62 1.72
19 -17 -33 -82 +33 -35 +78 -58 -57 1.66 
20 -73 +74 -37 +12 -41 -26 -90 -90 1.46
21 +71 -55 +1.01 -67 +69 -20 +99 +99 2.80
22 -62 +31 +1.13 +69 -85 +33-1.26-1.26 3.06

�x2 +8.22 +6.44 +9.07 +2.89 +5.07 +3.30

Decimal points omitted 
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Appendix 5 
Table 7 

Principal Axis Factor Matrix Control Group 

I II III IV V VI VII 

-.688 -.056 -.236 .266 -.017 -.148 .022 
-.707 -.295 .227 .096 -.026 -.013 -.103 
-.763 -.225 .104 -.003 -.142 -.036 .122 
-.756 -.374 .088 -.090 .022 -.216 -.041 
-.733 -.195 .349 -.172 .102 .066 -.048 
-.659 -.363 .116 -.076 .368 .099 .039 
-.606 -.199 -.136 -.007 .285 -.077 .166 
-.501 -.358 .246 .298 -.322 .088 .015 
-.594 .107 -.316 .386 .102 -.028 -.209 
-.498 .278 -.298 .325 .072 .333 -.206 
-.635 .264 .320 -.111 -.044 -.050 -.203 
-.479 .170 .058 .009 .141 .076 .256 
-.518 .505 .032 -.083 -.134 -.041 .097 
-.378 .575 .033 .218 -.007 .054 .233 
-.421 .687 .110 -.023 .046 .008 .064 
-.431 .625 .137 -.096 -.111 -.274 -.005 

.198 -.194 -.027 .414 -.011 -.396 -.063 

.228 -.026 -.063 .371 .044 -.008 .274 
-.448 -.152 -.489 -.229 -.294 .068 -.005 
-.376 -.216 -.542 -.282 
-.677 -.097 -.114 -.063 
-.210 .316 -.324 -.222 

-.046 -.108 .196 
-.183 .166 -.010 

.178 -.139 -.229 

h2(5) h2(6) 

.603 .625 

.649 .649 

.664 .665 

.728 .775 

.738 .742 

.721 .731 

.507 .513 

.632 .640 

.623 .624 

.525 .636 

.590 .592 

.282 .287 

.548 .550 

.523 .526 

.663 .663 

.617 .692 

.250 .406 

.196 .196 

.601 .606 

.564 .575 

.519 .546 

.330 .349 

h2(7) 

.626 

.659 

.680 

.777 

.744 

.732 

.540 

.640 

.668 

.678 

.634 

.353 

.560 

.580 

.667 

.692 

.410 

.271 

.606 

.614 

.546 

.401 
CD 
...... 
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Appendix 6 
Table 8 

Principal Axis Factor Matrix Brain-Injury Group 

I II III IV V VI VII h2(5) b2(6) h2 (7) 
1 -.587 .275 .167 .055 .166 .029 .096 .479 .480 .489 
2 -.819 -.195 .175 .152 .049 .232 -.047 .766 .819 .822 
3 -.712 -.214 .190 .280 -.132 -.214 -.214 .684 .730 .775 
4 -.760 -.227 .072 .368 -.031 -.043 .001 .770 .772 .772 
5 -.758 -.020 .230 -.149 .041 -.168 .047 .651 .679 .681 
6 -.710 .094 .163 .097 -.182 -.146 .073 .582 .603 .608 
7 -.633 .007 .104 .202 .180 -.207 -.019 .485 .527 .528 
8 -.565 -.453 .128 .019 .237 .204 -.063 .598 .640 .644 
9 -.453 .271 -.167 -.319 .202 -.168 -.169 .449 .477 .505 

10 -.423 .456 -.123 -.123 .197 -.140 -.091 .457 .477 .485 
11 -.704 -.173 .066 -.106 -.062 .252 -.049 .545 .609 .611 
12 -.511 .064 .156 -.138 -.407 -.123 .087 .474 .489 .496 
13 -.797 .034 -.126 -.270 -.045 -.008 -.047 .727 .727 .730 
14 -.614 -.104 -.178 -.484 -.237 -.084 -.084 .710 .718 .725 
15 -.496 -.243 -.589 .162 -.015 -.113 .298 .680 .692 .781 
16 -.587 -.252 -.537 -.029 -.021 .051 .076 .698 .701 .707 
17 -.125 -.244 .322 -.418 .130 .095 .090 .371 .380 .388 
18 .111 -.287 .279 -.324 .102 -.240 .277 .288 .346 .422 
19 -.448 .331 -.002 .049 .232 .367 .145 .366 .501 .522 
20 -.361 .482 .222 .123 -.064 .053 .235 .431 .434 .490 
21 -.626 .169 -.176 .010 .290 -.120 -.040 .536 .551 .552 
22 -.438 .390 -.042 .011 -.365 .178 -.026 .478 .510 .511 
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Appendix 7 
Table 9

Rotated Matrix 
Five Factors, Cosine Solution, Communality Level=400, 

Determinant=.558 Control Group 

I II III IV V 

1 .118 .281 .513 -.034 .169 
2 .437 .468 -.030 .151 .022 

3 .289 .503 -.087 .288 .246 
4 .517 .364 -.143 .175 .256 

5 .687 .253 -.311 .430 .036 
6 .849 .000 .000 -.000 -.000 

7 .561 -.050 .235 -.043 .129 

8 -.000 .795 -.000 .000 .000 

9 .094 .085 .781 -.138 .013 

10 .000 -.000 .725 -.000 .000 

11 .341 .193 -.175 .698 -.027 

12 .342 -.037 .153 .285 -.050 

13 -.008· .073 .047 .694 .127 

14 -.032 -.022 .433 .409 -.210 
15 .155 -.166 .183 .692 -.138 

16 -.000 -.000 .000 .785 .000 
17 -.174 .161 .383 -.530 -.273 

18 -.176 .004 .425 -.436 -.293 
19 -.240 .276 -.058 .161 .821 

20 -.000 -.000 .000 -.000 .751 
21 .092 .382 -.012 .299 .418 
22 .144 -.406 .157 .248 .266 



94 

Appendix 8 
Tab 1 e 1 0 

Rotated Matrix 
Five Factors, Cosine S0/11,tion, Communality Level=.400, 

Determinant=.4 31 Brain-I njttry Group 

I II III IV V 

1 .324 .255 -.131 .017 .479 
2 .670 -.212 .152 .164 .

4
78

3 .552 -.542 .267 .253 .596 

4 .580 -.420 .065 .429 .570 

5 .515 .031 .328 -.136 .368 
6 .283 -.321 .373 .147 .653 
7 .501 .069 -.181 .198 .422 

8 .773 .000 .000 -.000 .000 

9 .000 .670 .000 -.000 .000 

·10 -.067 .624 -.193 .107 .233 
11 .418 -.141 .427 .056 .271 

12 .027 -.485 .789 -.043 .491 

13 .188 .171 .459 .135 .234 

14 .000 -.000 .843 - .000 .000 

15 .000 -.000 .000 .824 -.000 

16 .046 .081 .189 .651 -.058 

17 .434 .157 .312 -.626 -.272 

18 .321 .060 .215 -.570 -.362 

19 .152 .447 -.301 .125 .325 
20 .000 .000 .000 -.000 .657 
21 .246 .534 -.282 .296 .205 
22 -.289 -.262 .470 .2 38 .619 
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Appendix 9 
Table 1 1 

Rotated Matrix 
Six Factors, Cosine Soltttion, Commttnality Level=.400, 

Determinant=.582 Control Gronp 

I II III IV V VI 

1 .211 .198 .344 .258 .335 .315 
2 .450 .461 -.058 .193 .037 .039 
3 .280 .517 -.069 .269 -.040 .231 

4 .554 .335 -.239 .294 .124 .312 

5 .635 .307 -.207 .275 -.205 -.052 

6 .855 -.000 .000 .000 -.000 .000 

7 .618 -.100 .130 .125 .194 .214 

8 -.000 .800 -.000 .000 .000 -.000 

9 .195 -.007 .619 .174 .364 .170 

10 .000 .000 .798 .000 .000 -.000 

11 .297 .237 -.082 .591 -.168 -.100 

12 .331 -.024 .201 .258 -.050 -.072 

13 -.050 .113 .153 .601 -.153 .062 

14 -.027 -.028 .463 .452 .021 -.203 

15 .083 -.136 .281 .627 -.121 -.192 

16 .000 -.000 .000 .832 .000 .000 

17 .000 .000 -.000 .000 .637 -.000 

18 -.094 -.073 .267 -.194 .304 -.165 

19 -.300 .332 .078 -.018 -.214 .737 
20 .000 -.000 .000 -.000 -.000 .758 

21 .030 .442 .137 .117 -.227 .324 

22 .126 -.420 .144 .301 .044 .288 
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Appendix 10 
Table 1 2 

Rotated Matrix 
Six Factors, Cosine Solution, Communality Level=.400, 

Determinant=.328 Brain-Injury Group 

I II III IV V VI 

1 .424 -.048 .074 .106 -.154 .342 

2 .194 .469 -.238 .303 .072 .333 

3 .673 .097 -.314 .351 .108 -.091 

4 .591 .140 -.406 .237 .262 .131 

5 .322 .313 .298 .324 -.188 -.101 

6 .453 -.076 -.113 .476 .032 .121 

7 .726 -.000 -.000 .000 .000 .000 

8 -.000 .800 -.000 .000 .000 -.000 

9 .000 -.000 .691 .000 .000 .000 

10 .261 -.305 .452 -.029 -.006 .223 

11 -.249 .536 .011 .422 .105 .260 

12 .000 -.000 -.000 .699 -.000 .000 

13 -.188 .286 .410 .410 .193 .120 

14 -.724 .491 .486 .592 .235 .012 

15 -.000 .000 -.000 .000 .832 .000 

16 -.332 .259 .147 .131 .740 .095 

17 -.361 .765 .444 .093 -.477 -.277 

18 -.028 .501 .447 -.063 -.455 -.656 

19 .000 -.000 .000 .000 .000 .708 

20 .405 -.410 -.165 .276 -.183 .496 

21 .368 -.037 .336 -.112 .164 .151 

22 -.147 -.351 -.210 .611 .212 .600 
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Appendix 11 
Tab le 13 

Rotated Matrix 
Five Factors, Cosine Solution, Communality Level=.400, 

Determinant=.539 Control Group 

I II III IV V 

1 .100 .175 .524 .030 .156 

2 .437 .489 -.062 .154 .047 

3 .353 .
4
70 -.123 .246 .273 

4 .600 .310 -.150 .111 .261 

5 .710 .340 -.397 .398 .104 
6 .849 .000 .000 -.000 .000 
7 .570 -.123 .252 -.026 .11 3 
8 .000 .795 .000 -.000 .000 
9 -.000 .000 .790 -.000 -.000 

10 -.100 -.051 .701 .142 .012 
11 .308 .343 -.336 .728 .096 
12 .286 .023 .076 .349 .008 
13 -.026 .149 -.102 .737 .240 
14 -.183 .101 .300 .570 -.111 
15 -.000 -.000 .000 .814 .000 
16 -.055 .144 -.183 852 .139 
17 -.270 .140 .463 -.446 -.336 
18 -.291 .004 .480 -.332 -.337 
19 -.000 .000 -.000 .000 .775 
20 .222 -.282 .085 -.149 .683 
21 .196 .280 -.034 .239 .433 
22 .153 -.472 .125 .247 .289 

7 
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Appendix 12 
Table 14 

Rotated Matrix 
Five Factors, Cosine Solution, Communality Level=.400, 

Determinant=.422 Brain-Injury Group 

I II III IV V 

1 .511 .433 -.134 -.166 .056 

2 .875 .000 -.000 -.000 -.000 

3 .829 -.263 -.129 .049 .261 

4 .839 -.158 -.253 .233 .186 

5 .663 .181 .308 -.267 -.063 

6 .578 -.036 -.003 -.090 .390 

7 .670 .238 -.209 .045 -.029 

8 .757 .008 .187 .016 -.465 

9 -.038 .626 .334 -.017 -.219 

10 -.000 .676 -.000 -.000 .000 

11 .535 -.019 .340 -.036 -.017 

12 .266 -.256 .339 -.219 .485 

13 .275 .255 .487 .045 -.005 

14 -.000 .000 .843 .000 -.000 

15 .000 -.000 -.000 .824 .000 

16 .016 .053 .266 .672 -.094 

17 .298 .042 .614 -.516 -.502 

18 .155 -.086 .480 -.426 -.465 

19 .264 .550 -.183 -.008 -.011 

20 .284 .263 -.286 -.253 .459 

21 .300 .583 -.045 .209 -.180 

22 .000 .000 .000 .000 .692 
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Appendix 13 
Table 15

Rotated Matrix 
Six Factors, Cosine Soltttion, Communality Level=.400, 

Determinant=.551 Control Gro1ep 

I II III IV V VI 

1 .339 .056 .311 .266 .426 .332 
2 .466 .444 -.062 .194 .048 .041 

3 .374 .413 -.093 .275 .027 .243 
4 .681 .195 -.272 .301 .214 .329 
5 .614 .330 -.201 .273 -.220 -.055 
6 .855 -.000 .000 .000 -.000 .000 

7 .706 -.196 .107 .130 .256 .226 

8 .000 .800 -.000 -.000 .000 -.000 

9 .264 -.084 .601 .178 .414 .180 
10 -.000 .000 .798 -.000 -.000 -.000 
11 .256 .282 -.071 .589 -.197 -.106 
12 .302 .008 .209 .256 -.070 -.076 
13 -.024 .085 .147 .602 -.135 .066 
14 -.109 .063 .484 .447 -.037 -.214 

15 .004 -.050 .302 .622 -.177 -.203 

16 -.000 -.000 .000 .832 .000 .000 
17 -.000 .000 .000 .000 .637 .000 
18 -.161 .001 .285 -.198 .256 -.174 
19 .000 -.000 -.000 -.000 .000 .778 

20 .309 -.341 -.080 .019 .220 .801 

21 .162 .296 .103 .125 -.133 .342 

22 .244 -.549 .114 .308 .127 .304 

71> 
.. 
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Appendix 14

Table 16 

Rotated Matrix 
Six Factors, Cosine Solution, Communality Level=.400, 

Determinant=.325 Brain-Injury Group 

I II III IV V VI 

1 .395 .296 .013 -.187 .340 -.062 
2 .646 -.325 .271 -.030 .665 -.193 
3 .854 -.000 .000 .000 .000 -.000 

4 .750 -.162 -.063 .195 .297 -.040 

5 .650 .323 .430 -.307 .084 -.268 

6 .616 .200 .077 -.127 -.054 .208 

7 .630 .317 -.074 .011 .156 -.226 

8 .509 -.390 .448 -.005 .703 -.630 

9 -.025 .661 .322 -.016 -.037 -.219 
10 .000 .691 .000 .000 .000 -.000 

11 .362 -.296 .524 -.052 .491 -.124 

12 .393 .108 .321 -.248 -.310 .372 

13 .235 .233 .558 .033 .127 -.078 

14 -.000 .000 .847 -.000 -.000 -.000 

15 -.000 -.000 .000 .832 .000 .000 

16 -.055 -.111 .307 .684 .185 -.077 

17 .210 -.091 .715 --.530 .253 -.581 

18 .243 .161 .463 -.447 -.218 -.560 

19 -.000 .000 .000 -.000 .708 -.000 

20 .251 .261 -.221 -.268 .109 .396 

21 .221 .484 .048 .201 .229 -.251 

22 -.000 .000 .000 .000 .000 .714 
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Appendix 15 
Table 1 7 

l?.otated Matrix 
Six Factors, Cosine Soltttion, Communality Level=.500, 

Determinant=.297 Control Group 

I II III IV V VI 

1 .791 .000 .000 .000 .000 -.000 

2 .089 .427 .437 -.097 .164 .003 

3 .049 .353 .410 -.113 .258 .223 

4 .397 .510 .167 -.428 .168 .162 

5 -.409 .790 .360 -.041 .411 .117 

6 -.000 .855 .000 .000 -.000 -.000 

7 .475 .502 -.230 -.079 -.030 .026 

8 -.000 .000 .800 -.000 .000 -.000 

9 .768 -.066 -.138 .299 -.080 -.143 

10 .000 .000 -.000 .798 .000 -.000 

11 -.367 .414 .308 .073 .712 .048 

12 -.131 .358 .017 .260 .300 -.021 

13 -.251 .083 .102 .245 .687 .171 

14 -.070 -.079 .068 .512 .470 -.185 

15 -.328 .145 -.027 .430 .733 -.065 

16 .000 .000 -.000 .000 .832 -.000 

17 1.183 -.508 -.084 -.465 -.398 -.498 

18 .475 -.365 -.033 .098 -.358 -.374 

19 .000 -.000 .000 .000 .000 .778 

20 .408 .133 -.370 -.241 -.119 .629 

21 -.247 .268 .314 .200 .208 .446 

22 .236 .142 -.566 .021 .229 .204 
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Appendix 16 
Table 18 

Rotated Matrix 
Six Factors, Cosine Solution, Communality Level=.500, 

Determinant=.235 Brain-Injury Group 

I II III IV V VI 

1 .105 .181 -.125 -.345 .590 .280 
2 .160 .737 -.146 -.040 .054 .406 
3 .854 -.000 .000 -.000 -.000 .000 
4 .534 .337 -.252 .196 .004 .227 
5 .556 -.062 .436 -.429 .449 -.165 
6 .640 -.133 .139 -.184 .206 .173 

9 .481 .005 -.108 -.122 .491 -.056 

8 .000 .800 .000 .000 -.000 .000 

9 -.056 -.315 .449 -.229 .778 -.203 

10 -.062 -.294 .111 -.229 .839 .053 
11 .008 .569 .207 -.041 -.028 .315 

12 .624 -.325 .508 -.229 -.078 .090 

13 .115 .015 .526 -.067 .370 .060 

14 .000 .000 .847 -.000 -.000 -.000 

15 -.000 .000 -.000 .832 -.000 .000 

16 -.189 .214 .188 .688 -.009 .088 

17 .022 .267 .562 -.544 .059 -.351 

18 .397 -.265 .608 -.462 .049 -.752 

19 -.548 .638 -.388 -.126 .477 .664 

20 .143 -.014 -.239 -.374 .391 .518 

21 -.000 .000 -.000 -.000 .742 .000 

22 -.000 .000 -.000 .000 -.000 714 
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Appendix 17 
Tab! e 19 

Rotated Matrix 
Six Factors, Cosine Soltttion, Communali�y Level=.500, 

Deterrninant=.279 Control Group 

I II III IV V VI 

1 -.589 .770 .493 .057 .313 .052 

2 .235 .303 .437 -.053 .064 -.040 

3 .212 .226 .394 -.078 .167 .186 

4 .064 .645 .347 -.354 .164 .130 

5 .861 -.000 -.000 .000 -.000 .000 

6 .603 .432 -.113 .076 -.270 -.098 

7 -.000 .716 -.000 .000 -.000 -.000 

8 -.000 -.000 .800 -.000 .000 .000 

9 -.618 .715 .350 .349 .244 -.085 

10 -.000 .000 .000 .798 .000 -.000 

11 .565 -.148 .024 .083 .436 -.023 

12 .350 .053 -.112 .282 .136 -.070 

13 .245 -.202 -.065 .234 .561 .145 

14 -.004 -.108 .035 499 .468 -.180 

15 .346 -.246 -.250 .420 .557 -.103 

16 .000 -.000 -.000 .000 .832 .000 

17 -1.239 .897 .721 -.424 .230 -.361 

18 -.611 .279 .312 .100 -.055 -.301 

19 .000 -.000 -.000 .000 -.000 .778 

20 -.210 .465 -.133 -.199 .001 .641 

21 .373 -.105 .124 .206 .026 .399 
22 -.075 .302 -.438 .051 .277 .204 
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Appendix 18

Ta 61 e 20 

Rotated Matrix 
Six F,tctors, Cosine Solntion, Comm11,nality Level=.500, 

Determinant=.228 Brain-Injury Gronp 

I II III IV V VI 

1 .543 -.120 .136 -.195 .330 .013 

2 .154 .804 -.164 -.027 -.075 .488 

3 .594 .532 -.238 -.006 -.595 .604 

4 .374 .668 -.399 .193 -.370 .603 

5 .745 .006 .503 -.318 -.081 .031 

6 .610 .137 .062 -.135 -.305 .506 

7 .726 -.000 -.000 -.000 -.000 .000 

8 .000 .800 -.000 -.000 -.000 -.000 

9 .583 -.833 .848 -.030 .570 -.693 

JO .627 -.854 .542 -.014 .616 -.477 

11 -.017 .591 .191 -.048 -.025 .337 

12 .371 .112 .296 -.253 -.488 .576 

13 .375 -.142 .676 .027 .172 -.073 

14 -.000 -.000 .847 .000 .000 -.000 

15 .000 .000 .000 .832 -.000 .000 

16 -.139 .102 .236 .687 .125 -.040 

17 .063 .244 .585 -.529 .025 -.369 

18 .115 -.048 .522 -.457. -.243 -.500 

19 .000 -.000 .000 .000 .708 -.000 

20 .412 -.167 -.086 -.275 .167 .393 

21 .592 -.460 .366 .190 .506 -.429 

22 -.000 .000 -.000 .000 .000 .714 
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Appendix 19 
Tab 1 e 2 1 

Principal axis factor matrix 

I II III IV V VI 

1. Word Group -81 -13 20 08 03 21 
2. Information -72 18 11 04 -30 -38 
3. Synonyms -64 -13 28 37 -04 -19 
4. Opposites -76 -13 28 26 10 -20 
5. Completion of Arithmetic

Problems -67 -15 26 31 22 11 
6. Arithmetic Problems -76 -06 18 26 08 15 
7. Pieces -67 -08 38 24 16 -11 
8. Completion of Squares -80 -07 15 -01 -07 -01
9. Finger Tapping, right hand -59 -44 -55 04 15 03 

10. » » , left hand -53 -49 -57 03 08 -11 
11. Hand Tapping, right -59 -46 -54 02 -01 07 
12 » » , left -52 -55 -53 -01 -08 -11
13. Silhouette, reversals 44 -10 02 30 -31 24 
14. Symmetric Drawing,

reversals 65 04 -07 28 -26 18 
15. SAET, right 20 -70 27 -34 -12 -20
16. SAET, left 16 -76 17 -36 09 -15 
17. SAET, Symptom 04 25 -28 38 41 18 
18. MFD, omissions 62 -07 11 -03 -18 09 
19. MFD, errors 33 07 -19 -04 -36 -16 
20. Maze 1 64 -47 12 -01 13 -13 
21. Dot Aiming -54 -46 20 07 -36 30 
22. Triangles -57 -39 15 -04 -48 28 
23. Color Text, reading time 65 -43 12 24 03 -05 
24. Color Dots, reading time 70 -17 -06 29 -04 -26 
25. Colored Text,·reading time 63 -21 -13 45 -23 -03 
26. » , errors 82 -63 14 01 33 34 
27. Blue-green Confusion 08 -24 -15 52 -13 -19 
28. Color Dots, other errors 42 -42 20 03 31 -20 
29. Colored Text, other errors 60 -37 19 21 -01 02 
30. MFD, reversals 72 -01 -07 10 -13 -03 
31. Age 17 30 -02 19 -09 -33 
32. Duration of injury -03 -18 17 -04 00 -15 
33. Severity of injury -29 -19 07 -21 -19 -02 

Decimal points and positive signs omitted 
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