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ABSTRACT 

Two discriminant analysis methods, the WHIDD analysis and the weighted 
G analysis are compared, using dichotomized clinical data from Max-Planck
Institute for Psychiatry in Munich. Both methods are based on the weighted G 
index of agreement. The methods were used in a serial discrimination manner 
for the assignment of persons into four preestablished clinical subgroups. The 
two methods gave rather similar results. 

INTRODUCTION 

In the clinical area there has been a search for objective analytical methods, 
which based on valid test variables should give a good discrimination between 
various clinical subgroups. One frequently used method is -the multiple dis
criminant analysis (cf. Anderson, 1958). That method, however, cannot at the 
same time utilize more variables than persons, as otherwise the sample co
variance matrix will have no inverse. Lately some alternative methods have 
been developed which may utilize more variables than persons. One of these, 
called G analysis was suggested by Holley (1973). 

G analysis might be defined as a method (or methods) of analysis in which 
the G index (or a generalization of it) is the coefficient which is being analyzed. 
G analysis generally assumes the variables to be dichotomized but generaliza
tions to non-dichotomized cases have been suggested (Holley & Kline, 1976 a; 
Vegelius, 1978 a). The G index (Holley & Guilford, 1964) between two persons 
(v; and Vk) over m dichotomized items (with alternatives + and -) is defined: 

( 1) ( ) A - B - C + D 
G vj' vk = · -A + B + C + D 

where A= Number of items where both persons score+ 
D = Number of items where both persons score -
B = Number of items where person v; scores+ and person Vk -

C = Number of items where person v; scores - and person Vk + 
G analysis might function in principally two ways. First, it is a method of 

describing the clinical domain in terms of factors. For that purpose the G 
indices of agreement are applied in a Q factor analysis. In addition G analysis 
offers a technique for discriminating between clinical groups once they are 
isolated, and it is with respect to such a task the present article is dealt. When 
applying G analysis for discriminatory purposes on cases with more than two 
clinical subgroups, a serial dichotomization into the preestablished clinical 
categories of the persons studied, is to be recommended. Two reasons might be 
mentioned for such a strategy. First, an increase in the rank of the factor matrix 

11 



11 

MULTIVARIATE EXPERIMENT AL CLINICAL RESEARCH 

can result in a decrease in the measarement accuracy, a relationship characteris
tic ~f the non-parametric system of G analysis (Jonsson, Meyer & Holley, 1977). 
Secondly, to provide different weights to the items can possibly aid in 
enhancing the discriminatory effectiveness of G analysis. Such an application of 
weights to the items makes it reasonable to study two groups at a time. 

As measures representing the various preestablished diagnostic groupings 
total scores for groups of persons, known as "delegate scores" (Sandler, 1958), 
have been suggested (Meyer & Kline, 1977). Delegate scores can be used as 
marker variables regardless of what method of extracting or rotating factors is 
applied. Two different placement techniques have been suggested, one rotation 
based, for two dimensions by Holley and Kline (1976 b), later extended to any 
number of dimensions (Meyer, Holley & Vegelius, 1979) and one distance based 
(Vegelius, Holley and Jonsson, 1976). 

Tq.e application of weights in G analysis necessitate the use of a weighted 
G index. In Vegelius (1977) a generalization of the G index was introduced, 
which permits giving various items different weights. The weighted G index 
between two persons Vi and Vk is defined: 

(2) 
A B w w 
A + B 

w w 

C 
w 

+ C 
w 

+D 
w 

+ D 
w 

~here Wi = weight assigned to item no. i: i = 1, 2, 3, ..... , m 
Aw = sum of weights of the items where both persons score + 
D~ = sum of weights of the items where both persons score -
Bw = sum of weights of the items where person Vi scores + and 

person Vk -

Cw = sum of weights of the items where person Vi scores - and 
person Vk +. 

From the formula follows that the weighted G index coincides with the un
weighted G index if all the weights are equal. The weighted G index has been 
applied in the two discrimination methods called WHIDD analysis (Vegelius, 
1976; Vegelius, Janson & Jonsson, 1979) and weighted G analysis (Vegelius & 
Jonsson, 1977). Both of them have been applied to two sets of data (Vegelius 
& Jonsson, 1976; Fallstrom & Vegelius, 1978; Vegelius, 1976) with surprisingly 
good results. In one case they should discriminate between schizophrenics 
and normals and in the other between diabetic and non-diabetic girls. The 
methods succeeded in correct classification of 31 out of 32 persons in a validation 
group for both data sets. 

Both the WHIDD analysis and the weighted G analysis are mathematically 
· based on the E (correlation) coefficient concept (Vegelius, 1978 b; 1976). A 

measure of similarity between variables or individuals is said to be an E co
efficient if it satisfies the requirements of a scalar product between normalized 
vectors in an Euclidean vector ~pace. Both the methods applied in the present 
study utilize E coefficients and thus also suitable Euclidean vector spaces. The 
WHIDD analysis uses the whole space defined by the E coefficient, while the 
weighted G analysis utilizes only a linear subspace of a certain dimension 
(normally= 2). This is accomplished by a truncated component analysis. 

In the present article the WHIDD analysis and the weighted G analysis 
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are applied to a set of clinical data to demonstrate the serial dichotomization 
strategy for the assignment of persons into preestablished clinical categories. 

DESCRifYfION OF METHODS 

In both methods the individuals are separated into two groups, called the 
analysis group and the validation group. For the persons in the analysis group 
their belongingness to the clinical subgroups is utilized. Based on conditions in 
this analysis group, each person in the v_alidation group is placed into one of the 
clinical subgroups. As the true subgroups are known we can check how 
accurately the two methods work. 

WHIDD Analysis 

In the WHIDD analysis the weighted H index (Vegelius, 1977; cf. Sjoberg 
& Holley, 1967) is used as the similarity measure between the individuals. The 
weighted H index between persons Vj and Vk is defined: 

m 
i~l W;'X;j·Xik 

rWH(vj.vk} = 

V. ~ 1 w .• x ... z'. V. ~ 1 
1= 1 lJ 1-

where m = number of items 
Wi = weight of item i i = 1, 2, 3, ..... , m 
Xij = value of individual j in item i i = 1, 2, 3, ..... , m 
Xik = value of individual k in item i i = 1, 2, 3, ..... , m 

The weighted H index is an E coefficient, i.e., we c~m utilize a Euclidean 
vector space where the weighted H index is a scalar product between those 
normalized vectors which correspond to the persons. When dichotomized data are 
used and +l and -1 are used for the two categories, this index will coincide 
with the weighted G index. 

Another important relevant measure is the D estimate (Holley, 1973). If two 
groups of individuals, A and B, are given values + 1 or -1 in a dichotomized item 
i, its D estimate between the two groups is defined: 

n n 
o. -~ -_!_!__ 

1 

l4) "A "e 
where nA1 = number of individuals in group A with value 1 

ne1 = number of individuals in group B with value 1 
nA_ = total number of individuals in group A 
ne = total number of individuals in group B. 

The D estimate is thus simply the difference between the proportion of 1:s in 
A and B. 

As the weighted H index is an E - coefficient, it is a normalized scalar 
product. The cosine theorem can therefore be applied, showing the connection 
between the distance between two vectors and their scalar product. Thus: 

d2(vj.vk},. 2 - 2rWH(vj,vk} 

where d(vj, Vk) = the distance between individuals j and k. 
We can now describe the method in four (or sometimes five) steps. Step 1: 
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Step 1: Compute the D - estimates (formula 2) fot all items, based only on the 
individuals of the analysis group. 

Step 2: Introduce a "delegate" for each of the two types. This is a constructed 
person with scores equal to the means of the respective types in the 
analysis group. It is evident that his score must be in the interval 
(-1, +1), and is normally not dichotomized. 

(Step 3: This step should be used only if one type is much more heterogeneous 
than the other type. Then the mean Euclidean distance to each of the 
delegates is computed (formula 3), based on all the individuals in the 
analysis group. The weights in the weighted H index are the same as in 
Step 4.) 

Step 4: It is reasonable to define the item weights such that the greater the 
difference between the two types in the analysis group the greater the 
weight should be. One way of achieving this is assigning weights as 
an increasing function of the absolute value of the D - estimate. 
Here only power functions are used. 

The individuals of the validation group are now correlated with the two 
delegates from the analysis group. The correlation coefficient used is · the 
weighted H index (formula 3). The weighted G index would not be correct here, as 
the scores of the delegates, are not to be dichotomized. The weight of an item is 
Dl where Di comes from step 1 and the exponent p is a predetermined, fixed 
non-negative number from O to 00. (p = 0 means that all items are given the 
same weight, while p = oo means that only the item with the best discriminatory 
power in the analysis group is used). 

Step 5: The distance from each individual in the validation group to the two 
delegates are now computed from formula 5. Each person is then 

placed in the type, to whose delegate he is nearest. Before assigning types, divide 
the distance with the corresponding mean distance if step 3 has been employed. 
In the present examination step 3 will not be applied. 

Weighted G analysis 

The method is based on similar considerations as the WHIDD analysis. 
Also here th~ weighted G index is to be used with weights as exponents of the 
D estimate in the ana.lysis group. The weighted G indices between all persons in 
the analysis are computed. Based on these indices a Q component analysis is 
run. A suitable linear subspace of a pre-determined dimension (normally 2) 
is considered. This means that instead of using the whole linear space as the 
WHIDD ana.}ysis does, only a suitable subspace is used. A "delegate" of each 
subgroup is then created. It is situated at the balance point of its group (among 
the analysis group). For each persons in the validation group it is finally deter
mined which delegate he is nearest in this subspace. After that he is placed in 
the corresponding subgroup. For a more detailed description we refer to Vegelius 
and Jonsson (1977). 

AN EMPIRICAL DEMONSTRATION 

The data used in the present demonstration are from studies carried out at 
the Max~Planck-Institute for P~ychiatry at Munich, using methods, however, 
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differing from that of the present study. The results of these investigations have 
been reported elsewhere (Hentschel, Schubo & v. Zerssen, 1976; Mombour, 
Gammel, v. Zerssen & Heyse, 1973; Schubo, Hentschel, v. Zerss~n & Mombour, 
1975). In these studies, the psychopathological state of 454 patients had been 
evaluated on the basis of two psychiatric rating scales, the-IMPS (90 items) 
(Inpatient Multidimensional Psychiatric Scale) (Lorr, Klett, McNair & Lasky, 
1962; Lorr, Klett & McNair, 1963; Lorr & Klett, 1967), and the psychopathological 
(123 items) and somatic (44 items) scales of the AMP documentation system 
(Angst et al., 1967, 1969; Scharfetter, 1972).Frorn theoriginalnurnberofpatients, 
the four most frequently occurring groups (schizophrenia, paranoid form, n=45; 
schizophrenia, unspecified form, n=47; depressive psychosis, n=44; depressive 
neurosis, n=53) were selected, to be separated according to stepwise dichotomiza
tion as described above. From the patients with diagnosis: schizophrenia, 
paranoid form, 22 were selected to the analysis group and 23 to the validation 
group. Similarly the other three groups were separated. From the group with 
schizophrenia, unspecified form, 24 subjects were chosen to the analysis group 
and 23 to the validation group. The patients with diagnosis: depressive psychosis 
were divided equally, 22 - 22 to each group. The depressive neurosis patients 
finally became 27 in the analysis group and 26 in the validation group. 

RESULTS AND DISCUSSION 

In the first analyses a separation of the two depressive groups from the two 
schizophrenic groups in the validation group was tried. In Table 1 the number 
of erroneously placed persons in each one of the four subgroups is given for 
various values of the D estimate exponent in the WHIDD analysis and the 
weighted G analysis (Table 1). 

Table 1. Sep8.l"lltion of t he de preeeivee from the echizophr,,n1ce by the VIIIIDD analysis e.nd t he weighted G analyeio. 

Number of mioplaced peruone amon;; 94 within caoh one of the four clinical subgroups of the validation group, 

Exponent 0 10 ~ 
Total number 
o! peroone 

1. Schizophrenia, paranoid fonn 7 8 8 7 11 23 

WHIDD 2. Schizophrenia, unepecitied fonn 23 

3. Depressive psychooie 22 
e.nalyaie 

4. Deprenoive neurosie 0 0 4 8 26 

Total validation group 12 11 15 11 17 16 28 94 

1, Scllizophnnia, paranoid fonn 7 7 (11) 23 
Yleighted 

2. Schizophrenia, unapeoitisd form 0 (5) 23 
G 

3. Depreosive peychoaie (4) 22 
analysie 

4. Dcpreooive neurooia (8) 26 

Total vnlida tion group 13 11 10 11 11 16 (28) 94 

Disregarding the results from Table 1, a separation between the paranoid. 
schizophrenics from the unspecified schizophrenics was tried. The number of 
erroneously placed persons in the validation group for various values of the D 
estimate exponent, in the two methods of analysis, is presented in-Table 2. 

15 



I 
I I 
I : 

I I 

MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

. Table 2 , Separation ot the paranoid echizophrenice tro1:1 the unapec1t1ed schizoph=nica by the WJII:JD analyo1o o.r,~ t !:o 

wei(;hted G an,,lys1a, !lumber ot mispla·ced persons amone 46 1n t he va11dot1on !:roup , 

Rxponent 

1, Schizophrenia, paranoid tonn 
WHIDD 

2, Schizophrenia I unspecified fonn 5 

analysie 
Total validation group 12 11 

1, Schizophrenia, paranoid tonn 
'!/eighte d 

2, Schizophrenia, unspecified :!'om 7 

analysis Total validation gro'll.p 15 10 

10 

10 10 11 13 

11 13 

oc:, 

13 

(8) 

(5) 

(13) 

Totul r!w!:l.,cr 
or pcr!:r)no 

46 

2) 

46 

Similarly, the depressive neurotics were · separated from the depressive 
psychotics by the two methods, still disregarding the outcome of the initial 
analysis. The results are presented in Table 3. 

Table 3, Separation o:!' the depressive psychotics from the depressive neurotics by the WHIDD analya1e and the 

weighted G analysie, Number of misplaced persona among 48 1n the validation group, 

Exponent 10 co Total number 
o! pernone 

WHIDD 
3 , Depressive psychosis 22 

4, Depreasive neurosis 12 12 13 14 14 18 17 26 
analysi11 

Total' validation group 19 18 19 20 20 27 26 48 

Weighted 3, Depressive peychceie 10 (9) 22 

4 , Depressive neurosis 12 12 13 14 14 18 (17) 26 

analysis 
Total validation group 22 19 19 .20 20 26 (26) 48 

The results from Tables 1, 2 and 3 were then combined. For each person in the 
validation group it w~s considered whether he had been placed erroneously in 
at least one of the two classifications. The number of persons, who had been 
placed erroneously in at least one classification is presented in Table 4. 

Table 4, Separation of all :!'our subgroups by the WIIIDD o.nalysis ~d t he wc1ghtc ,l G !<T'.alye1s , f;U1:1t,er o! u.1 ,q ,) 11c e,I 

persona among 94 1n the val1dnt1on eroup , 

Exponent 10 cO 
~ot1.11 n.i.::. :..<J :-
o f ;)cr :.J.., : , :J 

1, Schizophrenia, paranoid tonn 11 11 11 11 12 14 18 ,3 

WHIDD 2, Schizophrenia, unepecitied :!'orm 23 

anal,Yaie 3, Depreaaive paychoaia 10 22 

4 , Depraaaive nauroaia 14 13 17 15 18 21 22 c6 

Total validation group 39 35 38 35 41 51 57 94 

1 , Schizophrenia I paranoid 1'onn 10 9 10 11 13 (10 ) 23 
Weighted 

2. Schizophrenia, unapecified :!'onn (7) 23 

3 , Deproosive psychosis 11 (10 ) .. 
analysis 

4, Depressive neurosis 16 13 13 15 15 22 (22) ~6 

Total Vlll1dnt1on croup H 37 35 36 36 50 ( 57 ) 94 
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As the results of the separation between the depressive neurotics and the 
depressive psychotics were so much worse compared to the results of the other 
separations, an analysis of the separation capacity of the two methods, dis
regarding that between the two depressive groups, was performed. The results 
of the separation between the three diagnostic categories; · schizophrenia 
paranoid form, schizophrenia unspecified form and depressives, are presented 
in Table 5. 

:a t•l e ~ . ~eparn tion o! the pl\rnnoid echizophrenice and t h e une peci!ied ech1zophren1ce !ro:n the dcpreo oivee ( 3 ou br,roupe ) 

by the ·:,:: I'.J~ analyeie and the wei i;hte<l G arV\lyeie, 1rulllber of m1eplnced pereone among 94 ill t he val i d!lti on [;roup . 

!":Xpor:, ,n t 10 oO 
Total nu."1oer 
o! pcroons 

1, ~ch1zophrenia 1 paranoid form 11 11 11 11 12 14 18 23 
W!!I D~ 

2 . : ch izo phrenio, w ,epeci!ied form 23 

analysis 
3- ,: . ~Jep re no 1ves 12 48 

·r n t .. ~ V1'11da t1on r, roup 21 19 21 18 23 27 37 94 

','i'e1 .V1 ted 
,. ~d1 izo phrcn 1& , paronoid f orm 10 10 11 13 (18) 23 

2 , Sc h1zophrc11ia , unepec1!1ed form 7 (7) 23 

WU>ly oie 3-4 , Dt?J' I"'CSoivca (12) 48 

'ro toJ. VfLlidn tion i;roup 25 20 18 18 18 27 (37) 94 

The items which were most effective in discriminating between the 
schizophrenics and the depressives are presented in Table 6, together with the 
corresponding D estimates in the analysis group. In order to check the reliability 
of the items, the corresponding D estimates in the validation group were also 
included. 

Table 6 shows that items with high D estimates in the analysis group had 
also high D estimates of the same sign in the validation group. This makes the 
good result in the separation between the schizophrenics and the depressives 
reasonable. 

Similarly was done for the discrimination between the paranoid schizo
phrenics and the unspecified schizophrenics as can be seen in Table 7. 

Also here the high values of the D estimates in the analysis group are 
accompanied by high D estimates in the validation group. A comparatively 
good separation capacity is to be expected. 

Finally the discrimination capacity between the depressive psychotics 
and the depressive neurotics is examined. The results are presented in Table 8. 

The comparatively low precision in the separation between the depressive 
psychotics and the depressive neurotics might be explained by the rather low 
correspondence between the D estimate values of the analysis group and the 
validation group. It may be noticed that the items were ranked according to their 
D estimates in the analysis group. If the D estimates of the validation group had 
been applied, other items should have been listed (as a rule) in Table 8. 

From the results of Table 1-5 one notices that, as to be expected, low and 
high values of p give less precision than "medium" values. Generally a p value 
of 2-3 seems to work satisfactorily. 
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Table 6. Items with highest D - estimates of differences between ~::.e dep:-2:: ::i·r·~~ 

and the schizophrenics. 

D - esti..!:!ate in D - esti.-::~:e i:t 

Variable analysis group valida~i cr: ~~ !" :":,'.,;. p 

IMPS 84 Inability to co=plete something -0.54 -0.40 

A!.1:P (pb) 67 Devoid of hope/ in iespair -0.52 -0.53 

n.uis 36 Distrustful o. 51 0.3a 

rn:::Ps 44 Delusive 0.50 0.57 

A!.!? ( pb) 107 La.ck of disease realization 0.49 0.4.1 

Il,!:J?S 78 Hopelessness -0.46 -0.52 

IMPS 40 Suicidal -0.46 -0.26 

Il\!PS 29 Depressed -0.45 -0.40 

Th!PS 39 La.ck of judgment 0.44 0. 32 

Af,iP (pb) 66 Depressed/ distressed -0.43 -0.46 

Il,lPS 60 Feelings of persecution 0.41 0. 33 

AMP (pb) 109 Tendencies to suicide -0.40 -0. 30 

In the first discrimination, between the depressive groups and the schizo
phrenic groups, a best precision of 89% was obtained. In the second discrimina
tion between the schizophrenic and depressive subgroups a tot~l best precision, 
for the four subgroups, of 63% was obtained. This somewhat low value is a 
result of the low precision in the separation between the depressive psychotics 
and the depressive neurotics; a diagnostic task well known for its delicacy. 
When the depressive groups were treated as an unity the best precision, for the 
three subgroups, was raised to 81 %. 

The present study gave no certain indication about which of the two 
methods, the WHIDD-analysis or the weighted G-analysis, is to be preferred. 
Each method was superior to the other about the same number of times. The 
weighted-G analysis, however,. had a higher mean precision, as the WHIDD
analysis sometimes showed a markedly low precision. From the tables it may 
be seen that the results of the WHIDD-analysis seem to be somewhat unstable. 

18 



JAN VEGELIUS and LENNART MEYER 

Table 8. Items with hiehest D - estimates of differences bet~een the 

depressive psycr.otics and the depressive neurotics. 

D - esti.II:.ates in D - e sti.:::a tes in 

Variable analysis group validation 5rou~ 

r:.:rs 21 Feelir.gs of inferiority 0.41 -0.06 

IMF$ 83 Loss of appetite 0.37 0.30 

H.PS 86 Sleeplessness 0.35 o.oo 

rTs 90 Devoid of interests 0.35 -0.C::? 

A1!P (pb) 65 Disturbance of vitality 0.34 0.26 

AMP ~pb) 77 ?eelings of inadequacy 0.34 -0.11 

AL!P (pb) 99 Feeling better in the evenings 0.33 0.49 

IMPS 13 Staring expression 0.32 -0.18 

AMP (pb) 115 Loss of sexual drive 0.32 0.29 

A1ll' (sb) 19 Constipation 0.32 -0.03 

One possible reason for this is that as the weighted-G analysis uses only the 
most discriminating dimensions while the WHIDD-analysis used the whole 
space. Therefore, irrelevant dimensions may sometimes obscure the results 
of the WHIDD-analysis. This may be interpreted so that the weighted G-analysis 
is a more stable method. As, however, the number of comparisons in the present 
study is rather small and all · are based on the same data, this conclusion is 
merely a speculation. Final is that the WHIDD-analysis, compared to the 
weighted G-analysis, is simpler and cheaper as no component analysis is to 
be done. Futher research is needed to decide which of the methods is most 
efficient. 
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Table 7. Ite::s with r..ig::'=!st D :... esti::.ates of differer:ccs be:·.-,een the p1::-a:::--,,_ :, i i 

sc~::.:oph::-enics ar:d the u.~speci:ied scbi3opr.r'=!r:~c :::; . 

T\ - e3ti.m.ate in D - e:J:::..=a :•J:: ~·· JJ 

Variable ~al:,•3is group valid·, :::. •Jn . ..: =-- ') · ... ;, 
---- - - --

~.:PS 21 Defined anxiety 0.47 0.4.! 

A!,1J> (pb) 62 Irre s olute.::ec:s 0.45 0. 22 

A1,1J> (pb) 43 Reference ideas 0.38 0.44 

A:.:P (pb) 36 Delu::;ior::::; I illusion::; 0.38 0. 09 

Ir.'.PS 90 Devoid of interests 0.38 0.30 

D.:1'S 10 Tensei::ess 0.36 0.43 

.A:,!P (pb) 72 Tenseness 0.°?'5 0.39 

I1tPS 59 Referer:ce ideas 0.34 O. -i8 

Aj/J? (pb) 73 Agitation 0.34 0.44 

A1!iP (pb) 34 !::;.proper I:!OGd 0.33 0.30 

FOOTNOTES 

1. This research was supported by the Swedish Council of Social research. 
2. We are indebted to Professor Dr. D. v Zerssen, Max-Planck-Institute for 

Psychiatry, for giving us permission to use the data. 
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