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POLICY STATEMENT 
The primary aim of Multivariate Experimental Clinical Research is to 

provide a publication outlet for research in the areas covered and indicated 

currently by the terms personality study, clinical diagnosis and therapy, 

extending into the learning, social, physiological, applied and developmental 

aspects of these. Although due representation is given to theoretical articles 

which may have a methodological basis, the journal is not one of multivariate 

statistical methods. Although multivariate in outlook, both manipulative and 

non-manipulative research is accepted. In fact preference is given to dynamic, 

manipulative and time-sequential studies. Particular encouragement is provided 

for pioneer experimental attacks on what is designated personality dynamics 

and motivation, as well as the natural expansion thereof into structured learning 

theory. 
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ABSTRACT 

Principal components analyses were performed on the intercorrelations 
among the 21 items of the Beck Depression Inventory (BDI) and 15 items of 
NIAAA's alcohol Impairment Index for 101 men admitted for alcoholism 
treatment at a large, metropolitan community mental health center. An inter
battery principal-components analysis performed among the five salient com
ponents initially found for the BDI and the four identified for the Impairment 
Index revealed one significant canonical · variate representing affective and 
somatic symptoms. The symptoms reflecting cognitive distortions in self
appraisal in the BDI did not significantly load on the interbattery component, . 
and the results were discussed as indicating that · intrapunitive cognitive 
distortions in self-concept may afford a better picture of the severity of depression 
in alcoholics than affective and somatic symptoms. 

INTRODUCTION 

The problems encountered in attempting to isolate symptoms concurrent with 
a primary diagnosis of depression or alcoholism have been observed by a number 
of clinicians and researchers (Gibson & Becker, 1973; Woodruff, Guze, Clayton, & 
Carr, 1973; Benensohn & Resnick, 1974; Cadoret & Winokur, 1974; Fine & Steer, 

.1977; Freed, 1978; Hamm, Major, & Brown, 1979). For example, the Impairment 
Index used by NIAAA in its Treatment Monitoring System (Eagleston & 
Mothershead, 1974) to assess the behavioral impairment related to excessive 
alcohol usage asks questions about sleep disturbance, loss of appetite, and work 
difficulties along with direct inquiries about drinking practices. The Beck 
Depression Inventory (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), one of 
the most validated and widely used self-report instruments of depression (Becker, 
1974), also requests descriptions about the severity oftheselatterthreesymptoms 
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since problems in these areas are also associated with the syndrome of 
depression. Signs and symptoms may be defined as transdiagnostic if they occur 
in two or more syndromes and are considered to be important'indicators of such 
syndromes. The presence of such shared symptomatology in depression and 
alcoholism cautions (Gibson & Becker, 1973; Steer, Shaw, Beck, & Fine, 1977) that 
transdiagnostic signs and symptoms may be pervasive throughout other 
psychiatric disorders as well. 

Regal'dless of whether or not the symptoms are transdiagnostic, depression, 
whether primary or secondary, is one of the most frequent affective disorders 
found in alcoholic individuals (Keeler, Taylor, & Miller, 1979) and Lipson, 1979, 
has called for a clearer understanding of the affective disorders and problems 
associated with alcoholism. Perhaps, there is a depressive syndrome which is 
unique to alcoholism per se, and its differentiation from other manifestations of 
alcoholism, or as a primary depressive episode, might constitute an important 
advance in the treatment of the alcoholic patient. It might be more effective to 
treat the depression first, if it is precipitating the alcoholism abuse as a form of 
self-medication (Chafetz, 1976), then to treat the alcoholism and depression 
concurrently. In the case of autonomous alcoholism, the depression may result 
from losses and difficulties arising from the alcoholism (Fine & Steer, 1977); a 
course of inpatient detoxification might be more effective than trying to treat the 
depression on a protracted outpatient basis. 

The purposes of the present study were (1) to study the relationships among 
the symptoms presented by two widely used self-report instruments for assessing 
depression and alcohol impairment and (2) to identify any common (trans-
diagnostic) ~imensions between them. · 

.METHOD 

SUBJECTS 

The sample represented 101 men who had consecutively been admitted to the 
Alcoholism Program of a large, metropolitan community mental health center. 
The subjects were 25 day-hospital patients and 76 outpatients. The mean age was 
36.91 (SD = 10.50), and the mean educational attainment was 10.42 (SD = 3.37) 
years. The marital status was complex: 13.9% were married; 3.0% were widowed; 
16.8% were divorced; 22.7% were separated; and 43.6% had never married. The 
racial composition was 29.7% white and 70.3% black. Previous inpatient hospital
ization for alcoholism treatment was reported by 51.5%, and the mean number of 
years self-reported for heavy drinking was 11.86 (SD= 8.80). 

INSTRUMENTS 

The self-report instruments used to explore the transdiagnostic symptoms in 
alcoholism and depression were NIAAA's Impairment Index (Eagleston & 
Mothershead, 1974) and the Beck Depression Inventory (BDI) (Beck et al., 1961). 

The Impairment Index consists of 15 questions about self-perceived problems 
· attributed to excessive drinking during the past month. The items are rated on 
· 2-or 4- point scales yielding total scores ranging from 0-42. 

The BDI was chosen as the self-report instrument for depression because it 
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has been previously used in several studies of depression in alcoholism. It is a 
21-item self-report instrument composed of four alternative statements ranging 
in severity from 0-3, and its total scores m~y range from 0-63. The BDI was 
self-administered to the patients after an intensive clinical interview had been 
performed as part of the standard intake process. The patients' were asked to 
volunteer for the study, and the BDI was then administered to the volunteers. The 
patients' mean BDI score was 12.80 (SiJ = 10.46) and the mean Impairment Index 
score was 14.36 (S.D = 11.59). The correlation between the BDI and Impairment 
Index scores was .34 (p < .001). According to the diagnostic criteria presented by 
Beck (1972), the men had describeq themselves as mildly depressed,-and the mean 
Impairment Index score was comparable to other patients seeking treatment in 
NIAAA's Alcoholism Treatment Centers (Eagleston & Mothershead, 1974). 

DATA ANALYSIS 

Since the relationship between the Impairment Index and BDI scores was 
moderate (r = .34) and the study wanted to determine whether or not the two 
instruments contained distinct dimensions which, in turn, were related to ~ach 
other, principal components analyses were, separately, performed on the Pearson 
product-moment correlations among the 21 BDI and 15 Impairment Index items. 
Scree tests were employed for determining how many components to retain for 
rotation. Five components were chosen for the BDI, whereas four were kept for 
the Impairment Index. 

A univocal varimax solution was next used to search for simple structure 
(Skinner, 1978)in which a tentative hypothesis matrix ofls and Os was employed 
for replacing the initial varimax loadings L .50 in the pattern matrices for both 
the BDI and Impairment Index. A least.squares fit of the original component 
matrices to the hypothesis _matrices was then performed. 

A varimax solution was chosen for two reasons, even though the correlations 
among the BDI's and Impairment Index's items were mqderate and would 
suggest that an oblique solution might be more appropriate. First, the majority of · 
the factor analyses of the BDI (Beck& Beamesderfer, 1974) have been performed 
using a varimax solution, and reference to previous solutions would be aided by 
using a similar approach in the current exploratory analysis. Second, to facilitate 
the interpretation of the last stage of analysis when interbattery components 
were to be identified, the varimax solution was considered to afford a clearer 
perspective of whether or not distinct transdiagnostic dimensions had emerged 
rather than trying to assess relationships existing among potential second- or 
even third-order factors. 

RESULTS 

As Table 1 indicates, the resultant loadings for the BDI did display simple 
structure with 61.0% of the total variance being explained, and only two 
symptoms, Crying and Body Image Change, did not load saliently(> .50) on any 
of the five resultant components (Table 1). 
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TABLE 1 

UNIVOCAL V ARIMAX-ROTATED COMPONENTS OF 

THE BECK DEPRESSION INVENTORY SUBSCALES 

SORTED BY SALIENT LOADINGS 

Subscale 

Sadness 
Suicidal Ideas 
Pessimism 
Loss of Appetite 
Indecisi venss 
Social Withdrawal 
Self-dislike 
Expectation of 
Punishment 

Sense of Failure 
Guilt 
Dissatisfaction 
Self-accusations 
Loss of Libido 
Work Difficulty 
Somatic Preoccupation 

Irritability 
Weight Loss 
Fatigibility 
Insomnia 
Crying 
Body-Image Change 

% of Total Variance · 

% of Common Variance 

OR ALCOHOLIC MEN 

I 

.79 

.78 

.72 

.63 

.62 

.55 

II 

.76 

.67 

.66 

.62 

.61 

.58 

Component 

III 

.84 

. 57 

.51 

IV 

.79 

.56 

V 

.69 

.62 

19,8 16,5 9,8 I 7,5 7.4 

32.4 27.0 16.1 . 12.3 12.2 

.76 

.66 

.74 

.71 

.65 

.50 

.70 

.57 

.63 

.50 

.56 

.46 

.74 

.68 . 

.53 

.68 

.48 

.69 

.60 

.38 

.58 
61.0 

100.0 

NOTE: Loadings~ .50 were considered as salient, and those loadings< .50 have been 

suppressed (N = 101). 

Simple structure also emerged with respect to the Impairment Index (Table 2) 

in which all 15 items were found to load saliently on one of the four components. 

Only the item, "Drinking in the Morning," loaded on Components I and II. The 

varimax solution for the Impairment Index explained 64 .9% of the total variance. 

The relationship among the components were then further studied by the use 

of an interbattery principal-components analysis contained in Skinner's (1978) 

EXPLORE program to determine if salient transdiagnostic components existed 
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across the two instruments (Table 3). Only one significant canonical variate 
emerged across the two instruments, and this interbattery component received its 
highest symptom loadings from the BDI's first and third components and the 
Impairment Index's first and fourth components. The BDI's first and third 
component's highest symptom loadings were Sadness, Suicidal Ideas, Pessimism, 
Loss of Libido, Work Difficulty and Somatic Preoccupation, whereas the 
Impairment Index's highest salient loadings were for Longest Period of Drinking, 
Loss of Control, Times Drunk, Lapses of Memory and Presence of Drinking 
Alone. The pattern of symptoms being represented by the inter battery component 
suggested that the common dime_nsion underlying both instruments was affec
tive and somatic in nature. 

TABLE;2 

UNIVOCAL VARIMAX-ROTATED COMPONENTS OF 
THE IMPAIRMENT INDEX SUBSCALES 

SORTED BY SALIENT LOADINGS 
FOR ALCOHOLIC MEN 

Component 

Subscale I II III IV 

Longest Period of Drinking :79 
Loss of Control .78 
Times Drunk .74 
Fighting .68 
Lapses of Memory .60 
Drinking at Work .57 
Drink in Morning .53 .62 
Longest Time Not Drinking .81 
Missing Work .72 
Missing Meals .65 
Illness .56 
Sleep Difficulties .69 
Hallucinations .66 
Shakes .64 
Drinking Alone .87 
% of Total Variance 24.8 120.0 12.1 8.0 
% of Common Variance 38.2 30.9 18.6 12.3 

h2 

.67 

.75 

.67 

.52 

.68 

.49 
.70 
.67 
.69 
.66 
.54 
.63 
.65 
.64 
.77 

64.9 
100.0 

NOTE: Loadings~ .50 were considered as salient, and those loadings < .50 have been 
suppressed (N = 101). 
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TABLE 3 

FIRST PRINCIPAL-FACTOR VARIMAX-ROTATED LOADINGS 

OF BECK DEPRESSION INVENTORY AND 

IMPAIRMENT INDEX COMPONENTS 

FOR ALCOHOLIC MEN 

·component 

Beck Depression Inventory 
I. 

Impairment Index 

II. 
III. 
IV. 
V. 

I. 
II. 

III. 
IV. 

/ 

NOTE: Canonical R = .46, x2 (20) = 34.45, p < .05. 

DISCUSSION 

lnterbattery Component 

.67 

.24 

.45 

.02 

.14 

.60 

.09 

.32 

.51 

The results have several implications for the specification oftransdiagnostic 

symptoms in depression and alcoholism. The interbattery principal-components . 

analysis of the uni vocal varimax-rotated components of the BDI andlmpariment 

Index indicated that these instruments were measuring a single affective and 

somatic dimension. Importantly, the cognitive symptoms representing intra puni

tive self-appraisals, i.e., Self-dislike, Sense of Failure, etc., of the BDI were not 

highly associated with the canonical variate relating the two instruments, nor 

with the Impairment Index's social functioning component. 

It is important to note that the principal components of the BDI found here 

were similar to those reported by Steer et al. (1977) for black alcoholic men, but 

differed from other clinical populations. Factor analyses of the BDI for non

alcoholic samples have consistently found three factors reflecting Negative 

Attitude-Suicide, Physiological Manifestations and Performance Difficulties 

(Beck & Beamesderfer, 1974). However, Steer et al. (1977) found that the primary 

factors underlying alcoholics' depressions represented Cognitive-affective 

Impairment, Retarded Depression and Escapism; the physiological and per

formance difficulties do not constitute separate dimensions of depression in 

alcoholics as they did in non-alcoholic patients. 

Furthermore, when Cattell and Baggaley's (1960) Salient Variable Similarity 

Index (S-index) for matching factors was calculated between Steer et al.'s (1977) 

Cognitive Impairment factors and the BDI Components I and II found here. The 

S-index was significant (p < .01) with Component II, but not with Component I. 
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The alcoholics' intrapunitive cognitive complaints replicated, but the affective 
ones did not. 

The present results suggest that the depressive symptoms which were 
unrelated to the alcoholism symptoms represented cognitive distortions in self
concept. Perhaps, an optimal method for assessing depression in' an alcoholic is 
just to rate the extent of self-dislike, expectation of punishment, sense of failure, 
guilt, personal dissatisfaction, and self-accusation (BDI Component II) without 
regarding affective and somatic symptoms. Truly depressed alcoholics would be 
expected to achieve higher cognitive dysfunctioning scores than nondepressed 
alcoholics. 

The contention that certain symptoms were transdiagnostic in both alco
holism and depression was suggested; these common symptoms appeared to be 
affective and somatic in nature stressing aspects of role dysfunctioning. The 
symptoms which appeared to be unique to depression emerged as cogni~ive. 
Further work needs to be 'done in identifying the types of cognitive distortions 
within the alcoholic beyond those displayed by the blatant cognitive impairment 
shown in intoxicated states. Such specification might lead to more effective ways 
of challenging these cognitive distortions therapeutically and accelerating 
treatment. 

FOOTNOTES 

1The present research was supported by NIAAA Grant #AA03016-02. 

2Request for reprints should be sent to the third author at the Center for Cognitive Therapy, 
133 South 36th Street, Room 602, Philadelphia, PA 19104. 
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MODAL PROFILE ANALYSES OF THE SCL-90-R 
FOR SEVEN MENTAL DISORDERS 

Robert A. Steer 1 

Chilton Research Services 
Radnor,PA 

ABSTRACT 

The SCL-90-R scores of 700 patients representing the seven ICD-9 mental 

disorders of adjustment reaction, alcohol dependence, neurosis, nonopioid type 

dependence, opioid type dependence, personality, and schizophrenia were 

examined by Modal Profile Analysis to assess whether or not any of the SCL-90-R 

profiles were similar. The 50 men and 50 women diagnosed with each disorder 

were further randomly divided into 25 man and 25 woman test and calibration 

samples for estimating the reliability of the emergent profiles. Five profile-shape 

components were identified in the seven disorders and suggested paranoid, 

anxious-depressed, hostile, somatic, and phobic-depressed syndromes. 

INTRODUCTION 

The advent of the Diagnostic and Statistical Manual of Mental Health 

Disorders-III (DSM-III) (American Psychiatric Association, 1980) has again 

focused attention on diagnostic classification (Blashfield & Draguns, 1976; 

Schacht & Nathan, 1977; Strauss et al., 1979), and the emergence of readily 

available statistical computer programs that can classify men.ta! health patients, 

according to a wide spectrum of psychological test scores, clinical signs, and 

self-reported background characteristics, has also stressed the importance of 

establishing reliable diagnostic criteria (Garside & Roth, 1978). Recently, 

Skinner (1981) proposed an integration of classification theory based on 

theoretical propositions with the empirical methods used to identify diagnostic 

groups; he contends that there has been little effort to determine whether or not 

any of the empirically identified diagnostic groups possess prognostic value and 

consistently discriminate among different samples of patients supposedly 

suffering with the "same" problems. 
The purpose of the present study was to determine whether the symptom 

profiles (syndromes) self-reported by patients diagnosed with seven mental 

disorders defined by the International Classification of Diseases, 9th Revision 

(ICD-9) (World Health Organization, 1979) were similar or unique and might be 

used to discriminate between the diagnostic groups. 
Operationally, the study employed a type of profile analysis that distinguished 

between contributions of elevation, scatter, and shape represented in the profiles 

of patients' scores (Skinner, 1978). Shape describes the actual pattern of"ups and 

downs" across scores in a diagnostic profile; scatter reflects how dispersed such 
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scores are from their mean across the profile; and elevation represents the mean 
score of the patient over all variables constituting the profile. 

METHOD 

SUBJECTS 

The patients were drawn from two years of consecutive admissions to a large 
metropolitan, community mental health center which offered both alcoholism 
and drug abuse treatment. From the 1,847 admissions, 15.3% were diagnosed with 
adjustment reactions; 1.4.8% displayed alcohol dependence syndromes; 11.8% had 
neurotic disorders; 7 .3% were admitted for nonopioid types of drug dependence; 
25.4% were diagnosed as having opioid type disorders; 7 .5% demonstrated 
personality disorders; and 17 .8% were diagnosed with schizophrenic disorders. Of 
the adjustment reactions, 31.8% were male; 78.1 % of the 'alcohol-dependent 
syndromes were male; 28.0% of the neurotic disorders were male; 60.7% of the 
nonopioid type dependence disorders were male; 80.8% of the opiod type 
dependent disorders were male; 39.6% of the personality disorders were male; and 
47.4% of the schizophrenic disorders were male. 

Since the present study was primarily interested in investigating the diagnos
tic groups' profile shapes as opposed to their elevations and scatters, it was 
decided to randomly draw 50 men and 50 women from the admissions repre
senting each of the seven disorders described above. The balancing of the 
disorders with respect to men and women was based on a decision to control for 
profile elevations in test scores. Previous research with a variety of self-report 
instruments has indicated that the sexes display differing mean levels of 
symptom complaints across mental disorders (Masterson, 1975). 

The seven ICD-9 mental disorders chosen here for study, especially the 
substance abuse ones, constituted broad diagnostic categories and not single 
discrete types. The presence of primary and secondary diagnoses for some 
patients certainly confounded the possibilities of detecting mutually exclusive 
symptoms for each diagnosis, and it is obvious that most clinicians would have 
difficulty in drawing distinctions among potential symptoms supposedly dif
ferentiating among personality, alcohol dependence, opioid, ~nd nonopioid 
disorders. However, the present study wanted to estimate just how prevasive 
similar symptom profiies could be identified, despite transdiagnostic symptoma
tology across disorders. 

Table 1 presents the background characteristics of the 50 men and 50 women 
randomly chosen to represent each of the seven ICD-9 mental disorders. 
Eventually, each disorder was randomly stratified into two subsamples repre
senting 25 men and 25 women; these 50 person samples were employed as test and 
calibration groups in which to compare the stability of the empirical classifica
tion procedures which will be described later. 
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TABLE 1 

BACKGROUND CHARACTERISTICS OF TEST 
AND CALIBRATION SAMPLES 

Characteristic 

% Black 
% Single 
% Employed 
Age (yrs.) 

M 
SD 

Education (yrs.) 
M 
SD 

Characteristic 

BY ICD-9 MENTAL DISORDERS 

Disorder 
Adjustment Alcoholic Neurotic 

57 79 69 
27 36 18 
35 16 21 

34.61 39.26 33.73 
13.30 11.04 12.14 

10.97 10.44 10.91 
3.48 2.52 3.48 

Nonopioid 

56 
71 
21 

24.14 
4.56 

10.73 
1.86 

Opioid Personality Schizophrenia 

% Black 
% Single 
% Employed 
Age (yrs.) 

M 
SD 

Education (yrs.) 
M 
SD 

71 71 
49 16 
1.7 28 

29.93 29.80 
6.59 9.09 

11.46 11.16 
1.55 3.28 

NOTE: Each disorder was represented by 50 men and 50 women. 

INSTRUMENT 

75 
10 
10 

38.50 
12.25 

9.21 
4.01 

The SCL-90-R (Derogatis, 1977) was selected as the self-report instrument 
because it is a widely accepted brief psychological screening instrument and had 
been used in a number of clinical investigations. The instrument was scored for 
its nine syndromes representing(!) Somatization, (2) Obsessive-Compulsiveness, 
(3) Interpersonal Sensitivity, (4) Depression, (5) Anxiety, (6) Hostility, (7) Phobic 
Anxiety, (8) Paranoid Ideation and (9) Psychoticism along with three global 
indices of distress called the Global Severity Index, Positive Symptom Distress 
Index, and Positive Symptom Total. The SCL-90-R Manual (Derogatis, 1977) 
describes average internal and test-retest reliabilities for the nine symptom 
dimensions in the .80's and presents evidence for the construct, concurrent, and 
predictive validities of the syndromes. 
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PROCEDURE 

The ICD-9 mental disorders were determined after a detailed clinical intake 

had been conducted, and the SCL-90-R had been self-administered to the patients. 

The diagnoses were either made directly by psychiatrists trained in the ICD-9 

definitions or confirmed by them after reviewing the patients' background 

characteristics, available psychological-test data, and case histories, and 

diagnostic recommendations made by other mental health personnel who had 

been instructed in the use of the ICD-9. 

DATA ANALYSIS 

Modal Profile Analysis (MPA) (Skinner, 1979) was used to investig~te the 

shapes of the profiles of the SCL-90-R scores within the seven diagnostic groups. 

The shape of each clinical syndrome can be expressed as a linear function, and 

Skinner and Lei (1980) have written a FORTRAN computer program (Modal 

Profile Analysis) which isolates the shape components by applying an ordination 

algorithm to the transposed intercorrelation matrix of a sample's test scores. 

The within sample analysis begins by conducting a univocal principal

component analysis among the persons representing each diagnosis and 

generates a tentative hypothesis matrix of ls and Os from the initial varimax 

loadings ~ .50; a least-squares fit of the original component matrix to the 

hypothesis matrix is -then performed. The univocal varimax rotation of the 

transposed pattern matrix to the hypothesis target matrix ends by the assign

ment of each person to an "ideal person" component according to th_eir having a 

salient loading on that component. 
Another univocal principal-component analysis is next performed in the 

between phase on the intercorrelations among the resultant component scores to 

determine whether or not a reduced set of modal components can be used to 

explain the common shapes existing across diagnostic groups. The effectiveness 

of the reduced set of shape components is estimated by calculating linear 

classification estimates for assigning each person in the sample to the shape 

components. 
The stability of the shape components can next be estimated by "perturbing" 

the data; the within-sample component (shape) scores are randomly permuted, 

and the uni vocal principal-component analysis is repeated to ascertain the extent 

to which the same individuals would again be assigned to their original profile 

shapes. An additional (calibration) sample may then be employed to determine 

how effective the linear classification coefficients from the test sample will be in 

assigning new patients to their respective shapes. The success of the classifica

tion can also be ascertained by inspecting the percentages of variance explained 

in assigning the patients to their "ideal person" shape components. 

RESULTS 

WITHIN 

Table 2 presents the within MPA shape-component scores of the seven ICD-9 

mental disorders, and the component scores have been converted to T-scores with 

means of 50 and standard deviations of 10 to facilitate comparisons across 
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disorders. Only each disorder's components with eigenvalues~ 1.00 were retained 
for rotation, and the number of shape components ranged from two in the 
neurotic disorder to four in both alcoholic and schizophrenic disorders. 

TABLE2 

WITHIN SCL-90-R MODAL PROFILE SCORES 
FOR SEVEN ICD-9 MENTAL DISORDERS 

Disorder SCL-90-R Scales 
SOM O-C INT DEP ANX HOS PHOB PAR PSY 

Adjustment 
I 51 57 47 71 57 39 37 47 ,43 

II 53 48 47 54 49 75 40 39 45 
III 34 53 56 · - 48 50 56 41 70 42 

Alcohol 
I 74 56 38 45 55 41 47 49 46 

II 45 55 55 67 63 38 39 45 43 
III 49 42 40 50 64 69 44 53 38 
IV 47 58 50 48 43 48 38 74 44 

Neurotic 
I 34 56 57 53 47 58 34 64 48 

II 48 56 46 71 61 38 42 43 44 
Nonopioid 

I 38 58 57 59 42 51 36 66 44 
II 53 70 42 .55 61 37 41 42 50 

III 44 54 43 45 47 73 41 61 43 
Personality 

I 39 53 54 56 43 43 40 73 49 
II 53 61 52 68 55 36 . 42 39 45 

III 38 48 52 59 53 72 42 46 40 
Schizophrenia 

I 40 61 52 70 54 43 37 47 45 
II 61 44 43 62 51 35' 66 43 44 

III 44 46 47 54 41 43 52 76 47 
IV 29 53 56 50 45 53 68 44 52 

NOTE: Each scale has been scored to have a mean= 50, standard deviation= 10. The N for 
each disorder was composed of 25 men and 25 women in test sample. 

BETWEEN 

The univocal-varimax-rotated between-MP A-shape-component loadings for 
the seven ICD-9 mental disorders are displayed in Table 3. The Between 
Components, I, II, and III, had the largest eigenvalues across the seven disorders. 
Between Component IV presented positive salient loadings ( L .50) for the alcohol 
and opioid disorders, but was negatively related to the schizophrenic disorders. 
The fifth between component, however, had only a salient loading for the 
schizophrenic disorder. 
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TABLE 3 

UNIVOCAL VARIMAX-ROTATED PRINCIPAL-

COMPONENTLOADINGSOFTHESEVENICD~ 

MENTAL DISORDER'S WITHIN 

MODAL PROFILE SCORES 

Disorder Between Modal Profile Components 

I II III IV V 

Adjustment 
I 93 

II 92 

III 88 

Alcohol 
I 92 

II 94 

III 89 

IV 92 

Neurotic 
I 81 

II 95 

Nonopioid 
I 91 

II 74 

III 83 

Opioid 
I 67 

II 76 61 

III 77 

Personality 
I 98 

II 96 

III 89 

Schizophrenia 
I 92 

II 
72 

III 83 
IV -89 

Eigenvalue 6.76 6.28 4.26 2.47 1.06 

NOTE: Loadings!:'; .50 have been suppressed. The N for each disorder was composed of 25 

men and 25 women in test sample. 
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TABLE 4 

MEASURES OF FIT OF WITHIN TO BETWEEN 
MODAL PROFILES FOR NONPERTURBED 

AND PERTURBED TEST AND CALIBRATION SAMPLES 

Non perturbed 
Sample Disorder Hit Rate Percentage of Variance 

% % 

Test 
Adjustment 94.0 79.5 
Alcohol 88.0 74.9 
Neurotic 92.0 79.4 . ' 
Nonopioid 92.0 76.2 
Opioid 92.0 79.4 
Personality 94.0 78.1 
Schizophrenia 90.0 76.1 

Calibration 
Adjustment 94.0 79.3 
Alcohol 90.0 75.7 
Neurotic 86.0 77.0 
Nonopioid 80.0 68.8 
Opioid 94.0 78.2 
Personality 92.0 77.0 
Schizophrenia 84.0 71.9 

Perturbed 
Sample Disorder Hit Rate Percentage of Variance 

% % 

Test 
Adjustment 78.0 66.1 
Alcohol 66.0 61.8 
Neurotic 60.0 64.8 
Nonopioid 76.0 64.2 
Opioid 60.0 64.8 
Personality 88.0 71.1 
Schizophrenia 76.0 70.1 

Calibration 
Adjustment 80.0 69.7 
Alcohol 74.0 63.3 
Neurotic 86.0 70.0 
Nonopioid 76.0 64.8 
Opioid 82.0 68.1 
Personality 72.0 67.2 
Schizophrenia 72.0 61.8 

NOTE: The N for each test and calibration disorder was composed of25 men and 25 women. 
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FIT 

To ascertain the stability with which the different mental health patients' 
SCL-90-R scores were assigned to the five shape components, the hit rates and 
percentages of variance explained by the assignment of the patients to the "ideal 
person" shapes were calculated for nonperturbed and perturbed conditions 
employing both the test and calibration samples. As Table 4 indicates, the hit 

· rates ranged between 84.0% and 94.0% for the nonperturbed samples and 
explained between 68.8% and 79.5% of the variance. The hit rates and percentages 
of the variance for the perturbed samples showed only a moderate reduction in 
the efficiency of assignment; and the hit rates for both the test and calibration 
samples dropped an average of 20 percentage points, whereas the average 
percentage of explained variance fell approximately 10% for each disorder. The 
measures of fit were considered adequate enough to allow merging the test and 
calibration samples together for calculating combined shape component scores 
for each of the seven disorders. 

Shape 

I 
II 

III 
IV 
V 

TABLE 5 

BETWEEN SCL-90-R MODAL PROFILE SCORES 
FOR THE SEVEN ICD-9 MENTAL DISORDERS 

SCL-90-R 
SOM 0-C INT DEP ANX HOS PHOB PAR 

39 53 53 54 44 47 39 74 
47 60 52 69 59 40 39 39 
47 46 45 53 55 75 41 47 
72 52 36 47 53 45 41 57 
54 32 47 67 48 46 62 54 

PSY 

45 
46 
40 
45 
41 

NOT,E: Each scale has been scored to have a mean= 50, standard deviation= 10. N was 

composed of 350 men and 350 women. 

COMBINED SHAPES 

The between MP A-shape component scores for the seven mental disorders are 
presented in Table 5 for both test and calibration samples, and Figure 1 presents 
the graphs for the five shapes that were considered to be salient. Shape I showed a 
predominately high elevation for Paranoid Ideation and was considered to 
represent the Paranoid shape. Three elevations for Anxiety, Depression, and 
Obsessive-compulsiveness suggested that Shape II should be called Anxious
depressed, and Shape III (Hostile) had only a high elevation for Hostility. 
Somatization was overwhelmingly displayed by Shape IV (Somatic) with low 
Interpersonal Sensitivity. Shape V (Phobic-depressed) was represented by high 
Phobic Anxiety and Depression accompanied with low Obsessive
. Compulsiveness. 

62 



MODAL PROFILE ANALYSES 

FIGURE 1. SCL-90-R MODAL PROFILE SHAPES 
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III: HOSTILE 
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V: PHOBIC-DEPRESSED 
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DISCUSSION 

HOS PHOB PAR PSY 

The overall pattern ofresults sugge~ted that the SCL-90-R scores for the seven 
mental disorders represented five modal shapes, and the Paranoid shape 
appeared in each of the seven disorders. The Anxious-depressed shape occurred 
in every disorder, except Schizophrenia, and the Hostile sliape was not found in 
neurotic and schizophrenic disorders. The Somatic shape was shown by the 
alcoholics and opioid abusers, and its absence was demonstrated by the 
schizophrenic disorder. Phobic depression was evident in schizophrenia. 

The present findings indicated that the seven diagno~tic groups had displayed 
a similar set of self-reported SCL-90-R shape components, and these shapes 
would not be useful for distinguishing one type of disorder from another. 
However, such a conclusion is not surprising since, as previously mentioned, the 
disorders did not constitute distinct nosological entities in themselves with 
respect to self-reported symptomatology. 

The findings confirm that similar types of symptom profiles exist and are 
transdiagnostic across a variety of psychiatric disorders; but the results also 
suggested that only five basic symptom profiles were present in the disorders 
investigated here. Nevertheless, the existence of these five common shapes might 
be an artifact of the clinical population from which the samples of the seven 
ICD-9 disorders were selected. The patients were drawn from lower socioeconomic 
strata served by a large urban community mental health center, and the patients' 
background characteristics were, therefore, quite comparable across the seven 
disorders. More educated patients might have made finer verbal distinctions with 
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a self-report symptom inventory, such as the SCL-90-R. It may also be argued that 

the SCL-90-R was inappropriate for differentiating among the psychotic and 

character disorders because the instrument was originally developed for 

assessing neurotic psychopathology in outpatient psychiatric patients, but the 

non-neurotic disorders shared at least three shape components with the neurotic 

disorders. · 
The present samples were intentionally restrictd to equal numbers of men and 

women for each disorder to control for sex effects, and the naturally occurring 

prevalences of the five symptom shapes should be investigated in simple-random 

probability samples which are self-weighted for sex. Finally, the utility of the 

present classification scheme should be assessed with respect to therapeutic 

planning and treatment outcome. Should patients displaying the same syndrome 

shapes be treated comparably? Most clinicians would not · treat a Paranoid 

syndrome in a patient with a schizophrenic disorder the same way as they would 

a Paranoid syndrome in a patient with heroin addiction. However, despite 

differences in the selection of initial psychotropic medications to alleviate the 

immediate distressful symptoms, common cognitive-behavioral approaches, 

such as desensitization and relaxation, might be employed to control subsequent 

paranoid ideation. 
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ABSTRACT 

The Handler Anxiety Index was developed to provide a measure of anxiety 
from the Draw-A-Person (DAP) protocol. The present study examined the 
dimensionality and concurrent validity of the Handler Index against two 
criteria, clinical diagnosis and the 16 PF anxiety scales. The results were as 
follows: (a) The median reliability estimate for the 20 Handler items was 0.97, (b) 
The Handler items were found to be heterogeneous with respect to item-total 
structure and saturation with drawing quality, (c) Factor analysis of the Handler 
Index produced six orthogonal dimensions: Poor Quality, Correction, Three
Dimensionality, Expansion-Constrict~on, Overinclusiveness, and Inadequate 
Control, and (d) There was no pattern of significant relationships in the 
correlations of the six Handler factors with the two independent anxiety criteria. 
In summary, the results of this investigation suggest that there are no subsets of 
drawing elements that are valid indicators of anxiety. • 

INTRODUCTION 

The extensive literature on human figure drawings includes a variety of 
methods referred to as the Draw-A-Person (DAP). The best-known interpretative 
guides (Hammer, 1958; Levy, 1950; Machover, 1949), based on clinical experience, 
recommend qualitative analysis of form and content with attention to concurrent 
behavior. Specific interpretative hypotheses have been formulated and popular
ized with regard to many different aspects of personality such as body image, 
self-esteem, sexual identity, and anxiety level. Since an indication of anxiety 
level is often desired, a moderate amount of empirical research has been done on 
the drawing elements which have been suggested as manifestations of anxiety. 
However, these efforts have provided only equivocal support for the DAP as an 
anxiety measure (Sims, Dana, & Bolton, in press). 

Several investigators have developed scoring systems for the DAP in attempts 
tops_ ...!l-u,metrize the intuitions and insights of clinical assessors. In the area of 
anxiety, three psychometric procedures have been described in the literature 
(Engle & Suppes, 1970; Handler, 1967; Royal, 1949). Most scale items were derived 
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from the traditional clinical literature and are interpreted within a psycho

analytic framework. The majority of the items included in the three scoring 

systems involve structural and formal characteristics of human figure drawings, 

while content indices are much less frequent. Handler's (1967) procedure has 

received the most attention by researchers, and some of the results have been 

supportive of its validity as an anxiety measure (Sims, Dana, & Bolton, in press). 

However, no study to date has evaluated the dimensionality of the Handler 

system, i.e., anxiety level as measured by summing the responses to the 20 items 

comprising the scale, presumably because they all tap a general anxiety 

construct. This assumption is apparently justified because traditional clinical 

interpretation suggests that all 20 items are indicators of anxiety. Because this 

assumption of unidimensionality may not be empirically warranted, one purpose 

of the present investigation was to assess the dimensionality of the Handler DAP 

scoring system. A second purpose was to evaluate the concurrent validity of the 

Handler system using two independent criteria of anxiety, clinical diagnosis and 

a self-report measure. 

METHOD 

SUBJECTS 

The research sample consisted of 120 persons who applied for services at the 

Arkansas Rehabilitation Service, 60 clients with medical disabilities and 60 

clients with psychiatric disabilities. An equal number of male and female clients 

were selected, ~nd medical and psychiatric diagnoses were evenly divided for the 

sexes. The range was 16 to 4 7, and the mean age was 28 years. Also, subjects had 

at least a sixth grade education and 60% completed at least" 12 grades. The 

intellectual range was 90 to 127 with a mean IQ of 103. There were no significant 

differences between the four subsamples (male medical, male psychiatric, female 

medical, female psychiatric) with respect to age, education, or IQ. 

A licensed psychological examiner individually administered the D AP, 16PF

Form El Wechsler Adult Intelligence Scale (WAIS), Bender Visual-Motor Gestalt 

Test, and other standard tests and inventories. 

SCORING SCALES 

HANDLER INDEX. Instructions from the original Handler (1967) scoring 

system were used with the exception of two items. The alternative method 

provided in the scoring manual was used to score Line Pressure instead of the 

original item, which required data not available from the drawing administra

tion. Detail Loss was scored according to the modification suggested for use with 

a single drawing. In addition, three items not included in the Handler Index 

(Variability of Pressure, Teeth, and Redrawing) were scored according to criteria 

developed by Engle and Suppes (1970). 

QUALITY SCALE. The DAP Quality Scale (Wagner & Schubert, 1955) was 

used in judging the quality of DAP protocols. Quality was defined as effectiveness 

in portraying a human figure. Factors such as life-likeness, accuracy, originality, 

and integration of the various parts are considered, but final judgments are based 

on a subjective impression of the gestalt of figures. Protocols are classified in nine 
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categories using the descriptions and illustrations provided in the manual. The 
categories range from "extremely superior" to "not recognizable as a human 
being." 

16P F-FORM E. The 16PF is a self-report inventory which was developed to 
measure the major dimensions of the normal personality. Sixteen primary scales 
correspond to established personality dimensions and there are eight secondary 
scales, much broader in scope, which summarize the relationships among the 
primary factors (Cattell, 1973). Form E of the 16PF (Institute for Personality and 
Ability Testing, 1967) is one of five parallel forms of the test and was developed 
for persons having limited cultural and educational backgrounds. Form E is 
appropriate for persons 16 years of age or older and requires reading ability of 
fourth grade level or above. 

The secondary Anxiety (Anx) scale and the six primary scales which define it 
were used as convergent criteria. The six primary scales are: Ego Strength (C), 
Shyness (H), Suspiciousness (L), Guilt Proneness (0), Compulsivity (Q3), and 
Ergic Tension (Q4). Four other secondary scales, including Exvia (Exv), Cortertia 
( Cort), Independence (Ind), and Superego Strength (SE) were used as discriminant 
criteria because they measure the major non-anxiety dimensions of the normal 
personality (Cattell, 1973). 

PROCEDURE 

Subjects were selected from a randomized list of 1,000 rehabilitation clients. 
Subjects with psychiatric disabilities were selected primarily from clients who · 
had received a diagnosis of psychoneurotic because a high anxiety level is a 
central feature of this class of disorders. Eligible clients diagnosed as 
psychoneurotic were selected, and additional subjects were chosen from clients 
diagnosed as psychotic or as having personality or character disorders. (All of the 
females were diagnosed as psychoneurotic while the males included 52% 
psychoneurotics, 21 % psychotics, and 27% personality di orders). 

· Clients with medical disabilities which involved generalized motor impair
ment(e.g., Parkinson's disease, arthritis, cerebral palsy) or functional impairment 
of the dominant hand or arm were excluded from the sample. Medically disabled 
subjects were selected primarily from clients with orthopedic disabilities which 
were judged by a physician to be unlikely to affect DAP performance. Ninety
seven percent of the males and 73% of the females were orthopedically disabled. 
The remainder had disabilities such as amputation, blindness in one eye, or 
diseases of the cardiovascular and/ or respiratory systems.No medically disabled 
subjects had a secondary psychiatric diagnosis. Subjects were selected sequen
tially until the sample included 30 male and 30 female medically disabled 
subjects and 30 males and 30 females with a psychiatric disability. 

The protocols were scored by two clinical psychology graduate students. All 
120 protocols were first given Quality ratings and then scored with the Handler 
Index to minimize contamination in scoring for quality and anxiety. Working 
independently, the judges rated the protocols on the basis of the descriptions and 
illustrations in the Quality Scale manual. Prior to scoring, it was decided that 
drawings which received a Quality Scale rating of8 (not recognizable as a human 
figure) would be eliminated from the sample. One protocol received this rating, 
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reducing the sample to 119 subjects. 

Drawings were then scored using the Handler Index and the three additional 

items from the Engle and Suppes Scale. Composite scores were calculated for 

Quality Scale ratings, Handler Index total scores, and scores on the 23 items by 

averaging the scores assigned by the two raters. The reliabilities of the composite 

(average) scores were calculated by correlating scores assigned by the two raters, 

and the estimated reliabilities of the composite scores were computed using the 

Spearman-Brown formula. 
Items were correlated with Handler Index total scores and Quality Scale 

ratings to provide preliminary information about the homogeneity of the 

Handler Index. Because the Handler Index was determined to be heterogeneous 

in composition, the indices were organfaed into factorial dimensions by the 

principal components method and V arimax rotation. The rotated factors were 

correlated. with Quality Scale ratings and with the two criteria (psychiatric 

versus medical diagnosis and 16PF scores). Partial correlations were also 

obtained with quality of drawing held constant. 

RESULTS 

RELIABILITIES 

ITEMS. Interrater agreement for 19 items of the Handler Index and three 

additional items were determined for 119 protocols using product-moment 

correlations. One item from the Handler Index, Line Pressure, was eliminated 

from the analysis because all protocols received the same rating from one judge. 

All interrater correlations were 0.89 or greater with the exception of one 

additional item (Variability of Pressure) for which the correlation was 0.69. The . 

median Spearman-Brown reliability estimate for the 22 composite item scores 

was 0.97, and all reliability estimates were 0.93 or greater, with the exception of 

Variability of Pressure, which was 0.82. 

HANDLER INDEX TOT AL. Interrater agreement for the Handler Index 

totals, computed using a product-moment correlation, was 0.97. The Spearman

Brown estimate of the relial?ility of composite totals was 0.98. 

QUALITY SCALE. For Wagner-Schubert Quality ratings, the product

moment correlation indicated interrater agreement of 0.97. The Spearman

Brown estimate of the reliability of the composite score was 0.98. 

16PF-FORM E. Parallel form reliabilities have beendeterminedforFormE of 

the 16PF against forms C and D. For the six primary anxiety scales utilized as 

convergent criteria, reliability estimates are: C (0.63), H (0.80), L (0.52), 0 (0.60), 

Q3 (0.52), Q4 (0.66), (IPAT, 1976). Scores on the secondary factors were computed 

using formulas given by Cattell, Eber, and Tatsuoka (1970 p. 129), and the 

parallel form reliabilities were estimated using a formula derived by Nunnally 

(1967, p. 231). The reliability estimates for the secondary factors are: Exvia (0.81), 

Anxiety (0.86), Cortertia (0.77), Independence (0.71), Superego Strength (0.69) 

(Bolton, 1979). 
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INTERCORRELATIONS 

CRITERIA INTERCORRELATIONS. Product-moment correlations were 
computed between the two criteria, psychiatric diagnosis and 16PF scores. 
Diagnosis was significantly related to secondary Anxiety (0 .. 39, p < .01), and to 
five of the six primary scales which comprise it: C(-0.29,p< .01), H (-0.35,p < .01), 
L (0.12, n.s.), 0 (0.32,p < .01), Q3 (-0.38,p < .01), and Q4 (0.37,p < .01). Psychiatric 
diagnosis showed significant negative correlations with two discriminant 
criteria, Exvia (-0.44, females only) and Superego Strength (-:0.32,p < .01). Both of 
these relationships are consistent with results reported in the literature (Cattell, 
et al., 1970). 

The relationships of the primary and secondary anxiety scales to diagnosis 
are consistent with theoretical expectations for moderate convergent validity 
(Cattell, 1973). Correlations were high enough to support the validity of both 
criteria but were low enough to justify their interpretation as relatively 
independent measures of anxiety. 

ITEM-TOTAL CORRELATIONS. The 20 items which compose the Handler 
Index and the three additional items were ea,ch correlated with the Handler total 
score. The correlations were computed separately for males and females. 
Approximately half of the correlations were statistically significant, and the 
pattern of significant correlations differed somewhat between sexes. Because the 
items which comprise the Handler Index did not contribute equally to the total 
score, and some were uncorrelated (or negatively correlated) with the total score, 
it was concluded that the Handler Index may not be unidimensional. Conse- -
quently, the item intercorrelation matrix was factor analyzed to determine the 
dimensionality of the Handler Index. 

ITEM-QUALITY CORRELATIONS. The 23 OAP items were also correlated 
with the Wagner-Schubert quality ratings. Again, approximately half of the 
correlations were statistically significant (p < .01), and the pattern of significant 
correlations differed between sexes. The variability of the item-quality correla
tions indicated that the items are differentially saturated with drawing quality. 
Some items are substantially affected by drawing ability, while others are 
unaffected. 

FACTOR ANALYSIS. The pattern of item-total correlations suggested that 
the Handler Index is not unidimensional. Factor anaiysis was used to assess the 
dimensionality of the items and to organize them into homogeneous scales. The 
intercorrelation matrix of21 composite item scores was factored by the principal 
components method. On the basis of the scree criterion, it was decided to retain 
six factors (the first 10 eigenvalues of the the matrix were 4.99, 2.19, 1.60, 1.53, 
1.31, 1.24, 1.06, 1.00, 0.89, and 0.74). The six Varimax-rotated factors are defined 
in Table 1 by items with loadings greater than 0.30. 
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TABLE 1 

V ARIMAX FACTOR PATI'ERN FOR 21 VARIABLES 

QUANTIFIED FROM DAP PROTOCOLSa,b,c,d, 

Factors 

Items I II III IV V VI 

Shading -0.37 0.63 

Hair shading 0.36 0.34 0.47 

Erasure 0.90 
Reinforcement 0.75 

Light and heavy line 0.60 

Placement · 0.65 -0.30 

Omission 0.60 -0.51 

Size 0.59 

Head size 0.79 

Head to body ratio 0.52 
Transparency 0.74 

Delineation line absent 0.80 
Vertical imbalance 0.68 

Emphasis line -0.67 
Line discontinuity -0.39 -.033 

Distortion 0.77 
Head simplification 0.80 
Body simplification 0.87 
Detail loss 0.64 -0.45 

Variability of pl"essure 0.54 

Redrawing 0.90 

35.1% 15.4% 15.3% 12.1% 11.1% 11.1% 

asix factors were indicated by the scree criterion. 

bLoadinps less than 0.30 are omitted. 

h2 

0.57 
0.60 
0.85 
0.64 
0.45 
0.58 
0.67 
0.55 
0.67 
0.45 
0.62 
0.71 
0.48 
0.62 
0.37 
0.64 
0.69 
0.80 
0.64 
0.43 
0.85 

rtt 

0.96 
0.97 
0.97 
0.93 
0.98 
0.99 
0.97 
0.99 
0.98 
0.98 
0.97 
0.99 
0.97 
0.98 
0.95 
0.96 
0.95 
0.97 
0.97 
0.82 
0.98 

cThe reliabilities (r u) were estimated using the Spearman-Brown formula and the 

interrater correlations. 

dThe average commonality is 0.61; the average reliability is 0.96; the average specificity is 

0.35. 

The factors are summarized below: 

FACTOR I. POOR QUALITY: The first factor accounts for 35.1 % of the 

common variance and is two to three times as large as each of the other five 

factors. It is also more general in nature than the other factors and is similar 

to the quality of drawing factor identified by Nichols and Strumpfer(1962). 

This factor is evidenced in drawings which are of poor quality due to 

incompleteness or crudeness. 

FACTOR II. CORRECTION: This factor, which represents 15.4% of the 

variance, is evidenced by an attempt to correct or improve drawings by 
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erasing or reworking. This factor is suggestive of the coping defense 
described by Handler and Reyher(1964, 1965) and Engle and Suppes (1970). 

FACTOR III. THREE-DIMENSIONALITY: Factor III accounts for 15.3% 
of the variance and involves elaboration, variability, and detailing, three 
features which are often present in high quality, three-dimensional 
drawings. Like Factor II, this factor is suggestive of an attempt to cope with 
anxiety by elaborating drawings (Eng le & S uppes, 1970; Handler & Rey her, 
1964, 1965). 

FACTOR IV. EXPANSION-CONSTRICTION: This factorrepesents 12.1 % 
of the variance and is similar to the size and placement factor identified by 
Adler (1970). Adler reasoned that size and placement were related in that 
large figures tend to run off a page, while unusually small figures· are 
frequently placed in a corner or in the upper half of a page. This notion is 
also consistent with the observation that small pictures confined. to the 
corner of a page tend to be lightly sketched. These three features are 
traditionally interpreted as indices of constriction. Large, centrally placed 
figures are often drawn with a heavier line, and these three features are 
traditionally associated with expansiveness. 

FACTOR V. OVERINCLUSIVENESS: Factor V, which accounts for 11.1 % 
of the variance loads highest on Transparency, and it is also characterized 
by an absence of omissions or discontinuity. These drawing elements may 
be tentatively interpreted as an extreme concern with inclusiveness. This 
factor is also analagous to the coping defense described by Engle and 
Suppes (1970) and Handler and Reyher (1964, 1965). 

FACTOR VI. INADEQUATE ·CONTROL: The final factor represents 
11.1 % of the variance and is defined by two items which may be tentatively 
interpreted as inadequate control. Large or small head size results in 
disproportionateness and has been interpreted as actual or feared loss of 
control. Vertical imbalance involves faulty orientation of the drawing on 
the page and has also been interpreted as indicating loss of control. 

FACTOR-QUALITY-CRITERIA CORRELATIONS. The correlations of the 
six OAP-derived factors with Wagner-Schubert quality ratings provided evidence 
of the differential saturation of the DAP factors with drawing quality. The major 
DAP dimension, Poor Quality, is strongly associated with Wagner-Schubert 
quality ratings (0.85, p < .01), and Three-Dimensionality is negatively correlated 
with quality ratings (-0.54, p < .01). Also related to quality ratings were 
Expansion-Constriction(0.24,p < .01) and Inadequate Control(0.38,p < .01). The 
relationships between quality ratings and the convergent and discriminant 
criteria were uniformly nonsignificant. 

FACTOR-CRITERIA PARTIAL CORRELATIONS. With the effect of quality 
partialed out, the relationship between the six DAP factors and the independent 
anxiety criteria did not exceed chance-level expectations (see Table 2). The partial 
correlations were very similar to the zero-order correlations, a result that is 
consistent with the finding that quality did not correlate appreciably with 
criteria. Correlations of the DAP factors with the discriminant criteria were also 
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generally nonsignificant. The absence of significant correlations with convergent 

and discriminant criteria indicate the lack of validity of the DAP-derived factors 

with respect to anxiety. 

TABLE2 

PARTIAL CORRELATIONS BETWEEN SIX DAP FACTORS 

AND EIGHT CRITERIA OF ANXIETY 

_ FOR MALES (M), FEMALES (F), AND TOT AL SAMPLE (T)a 

DAP Factors 

Criteria I II III IV V 

Diag T 0.10 -0.08 -0.07 0.03 -0.08 

M 0.01 -0.07 0.02 -0.02 0.00 

F 0.19 -0.11 -0.12 0.06 -0.12 

Anx T 0.04 -0.06 -0.13 -0.06 -0.02 

M 0.07 0.02 . -0.02 -0.23 -0.05 

F 0.01 -0.16 -0.14 0.09 -0.11 

C T -0.09 0.05 0.04 0.07 0.06 

M -0.14 -0.09 -0.06 0.26* 0.01 · 

'F -0.04 0.20 0.07 -0.13 0.20 

H T -0.01 0.02 -0.03 -0.01 -0.17 

M -0.03 0.24 0.14 0.05 -0.14 

F 0.02 -0.18 -0.20 -0.07 -0.23 

L T -0.18 -0.08 -0.06 0.07 -0.09 

M -0.36** -0.08 -0.01 -0.08 -0.06 

F 0.09 0.06 -0.16 0.22 -0.14 

0 T 0.06 -0.05 -0.08 -0.03 0.08 

M 0.18 · 0.11 0.03 -0.15 0.04 

F -0.09 -0.22 -0.06 0.o7 0.00 

Q3 T 0.00 -0.01 0.04 0.05 -0.01 

M -0.04 -0.02 -0.01 0.10 -0.16 

F 0.03 O.Dl 0.05 -0.01 0.18 

Q4 T 0.07 -0.05 -0.18 -0.06 -0.14 

M 0.03 0.00 -0.05 -0.16 -0.10 

F 0.08 -0.12 -0.22 0.03 -0.20 

~uality of drawing partialed out of each correlation. 

*p < .05 (two-tailed) 
· **p < .01 (two-tailed) 
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-0.01 
0.10 

-0.16 

-0.09 
-0.14 
-0.11 

0.06 
0.12 
0.25 

0.07· 
0.04 
0.11 

-0.14 
-0.24 

O.Dl 

-0.06 
-0.15 
-0.05 

-0.01 
0.06 

-0.08 

-0.04 
-0.04 
-0.11 
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CORRELATIONS OF FACTORS WITH IQ. The correlations of the DAP 
factors with intelligence indicated that the major dimension (Quality) is modestly 
and negatively related to intelligence (-0.28, p < .01). Factor II (Dimensionality) 
also had a small significant relationship to intelligence (0.25, p < .01), as did 
Factor VI (Inadequate Control) (0.21, p < .05). However, these relationships 
disappeared when the effect of drawing quality was partialed out. 

SUMMARY 

1. RELIABILITY 
Training and practice in the use ofDAP scoring systems can enable scorers to 

derive item scores of uniformly high reliability. The median reliability coefficient 
for the items of the Handler Index was 0.97. Wagner-Schubert Quality Scale 
ratings were also highly reliable as indicated by the estimated reliability 
coefficient of 0.98. 

2. ITEM ANALYSIS 
The Handler DAP Index was developed to enable measurement of a single 

personality dimension, anxiety, and would thus be expected to be unidimensional 
and to be homogeneous in item content. However, item-total and item-quality 
correlations indicated that the items are heterogenous with respect to contribu
tion to the total score and saturation with drawing quality. 

3. FACTOR ANALYSIS 
The Handler Index, which has been previously assumed to be a unidimen

sional instrument, was factor analyzed and found to consist of six primary 
dimensions. All six Varimax-rotated factors were interpreted in terms of both 
drawing elements and psychological meaning. They are as follows: I. Poor 
Quality, II. Correction, III. Three-Dimensionality, IV. Expansion-Constriction, 
V. Overinclusiveness, and VI. Inadequate Control. 

4. CRITERIA INTERCORRELATIONS 
Moderately high intercorrelations of the anxiety-related criteria, psychiatric 

diagnosis and 16PF scores, support the validity of the criteria. The magnitude of 
the intercriteria correlations (median =0.34) is consist~nt with expectations for · 
moderate convergent validity, yet demonstrates the relative independence of the 
criteria. 

5. QUALITY CORRELATIONS 
Approximately half of the Handler items and four of the six DAP factors were 

significantly correlated with quality, suggesting that some of what is measured 
by the DAP ratings is technical drawing skill. Although the relationship of 
quality to the anxiety indices has not previously been investigated, quality has 
been demonstrated to be relevant in investigations of other variables such as 
adjustment and body image. 

6. FACTOR-CRITERIA CORRELATIONS 
There was no consistent pattern of significant relationships in the correlations 

of the DAP factors with two independent criteria of anxiety, 16PF scores and 
medical versus psychiatric diagnosis. Because drawing quality has been shown 
to be a major contaminant of DAP research, the effect of quality was removed 
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from the analyses. However, the partial correlations differed little from zero-order 

correlations because quality did not correlate appreciably with the criteria. The 

absence of significant criterion correlations for any of the DAP factors suggests 

that there are no homogeneous subsets of drawing elements which are valid 

indicators of anxiety. 
Previous investigators (Craddick, Leipold, & Cacavas, 1962; Mogar, 1962) 

have suggested that projective measures like the DAP may tap qualitatively 

different types of anxiety than self-report inv_entories. Most previous correlational 

studies of DAP validity have used self-report measures of anxiety, including the 

MAS, the IPAT Anxiety Scale, and several measures of text anxiety. No prior 

studies have utilized psychiatric diagnosis as a criterion of anxiety, and only one 

study (Mogar, 1962) has used another projective technique as a criterion. With 

both the MAS and the Rorschach Content Test (RCT) as criteria, Mogar found 

more sjg:nificant relationships of DAP anxiety indices to RCT scores than to MAS 

scores, so there may be some merit to this hypothesis. However, in the present 

study, the OAP-derived scores failed to correlate significantly with either of the 

anxiety criteria. 
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DECIDING ON THE RATIO OF NUMBER OF SUBJECTS 
TO NUMBER OF VARIABLES IN FACTOR ANALYLSIS 

Andrew R. Baggaley 
University of Pennsylvania 

ABSTRACT 

The appropriate ratios among the number of subjects, variables, and retained 
factors in a factor analysis has been much disputed. A theoretical rationale is 
developed for deciding on the ratio of subjects to variables. Some rules of thumb 
are suggested for this and related issues. 

INTRODUCTION 

A recurring problem in factor analysis involves the most desirable ratios 
among the number of subjects (here designated as N), the number of variables (p), 
and the number of retained factors (m) (Humphreys, Ilgen, McGrath, & 
Montanelli, 1969). With regard to the ratio of N top, Aleamoni (1976) stated 
simply that it should exceed unity. Gorsuch(1974, p. 296) said that Nip should be 
at least five, while Nunnally (1978, p. 421) and Kunce, Cook, and Miller (1975) 
prefer that this ratio exced ten. Rather surprisingly, in what is probably the 
standard reference on factor analysis .at present(Harman, 1976), this issue seems 
not to be discussed at all. 

A related problem involves how high the ratio of p tom should be. A solution to 
this problem would of course depend to some extent on which method of factor 
extraction is chosen. However, Humphreys, Ilgen, McGrath, and Montan:elli 
(1969), on the basis of a Monte Carlo study, recommend thatplm exceed 4, while 
Meyer (1973) used a theoretical argument to support his contention that pl m 
should be greater that 4.5. 

Although a rationale for fixing the minimal ratio of N tq p will be set forth 
below, in the opinion of the present author, a researcher who wishes to analyze a 
large number of varables but can obtain only a modest number of subjects should 
be able to preceed by dealing with only a few retained factors. In other words, if 
Nip is small, Nlrri can be kept large if plm is set at a high level. For those who 
talk in terms of factors of various "orders," this could mean restricting 
themselves to "second-order" rather than "first-order" factors. 

Bartlett (see Timm, 1975, p. 255) suggested a test of independence; that is, a 
test of the hypothesis that all of the correlations among a set of varables are zero 
(or that the population correlation matrix is an identity matrix). As a test 
statistic, he proposed the following expression, which is distributed approx
imately as chi square: 
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[ (N-1)-( 
2Ps5

) ][ -lnl RI] 

The number of degrees of freedom equals the number of independent 

correlations, (p2-p)/2. 
The most important factor in this expression is the negative natural logarithm 

of the determinant of the correlation matrix. The present author has calculated 

this negative logarithm divided by the number of variables, p, for seven 

correlation matrices: three involving interest inventory items and one each 

comprising attitude items, reading subtests, a variety of cognitive tests, and 

sociological variables. For each matrix, the resultant ratio (which will be called Q 

below) approximated the mean absolute value of the correlations. This outcome 

suggested a procedure for estimating an appropriate value of Nip. 

The aim of the derivation outlined below was to obtain an expression for Nip 

in terms of quantities that can be specified or estimated. The first requirement 

seemed to be to introduce a statistic by which the researcher could fix a cutoff 

probability value. For large numbers of degrees of freedom, a standard approx

imation to chi square (see Timm, p. 588) was used, 

[ z+ V'2f-I ]2 

2 

where z is a standard normal deviate and/ represents the number of degrees of 

freedom. Suqstitution of the degrees of freedom specified above give·s 

[z+ Jp2-p-I]2 

2 

The first step in the derivation is to set equal to each other the two 

approximations to chi square. 

[ ( 
2p+5\] [z+ 

(N-:-1)- 6 l . [-lnlRI] = 

Since the ratio of the negative logarithm top was defined above as Q, this 

negative logarithm by itself equals pQ, so we obtain by substitution 

[( (
2p+5)] _ [z+v'p2-p-1]2 

pQ N-1)- 6 2 

Rearranging within the bracketed term on the left side gives 

[ 
_ _!:_ 11] [z+ Jp2-p-1 ]2 

pQ N 3 6 = 2 
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Dividing both sides of the equation by p 2Q, we have 

N 1 11 [z+Jp2-p-1]2 
p-3-6p = 2p2Q 

Transposing two terms to the right side gives 

N [z+Jp 2-p-1]2 1 11 
- ----- +-+-
p = 2p2Q 3 6p 

Substitution of various values of z, along with values of p and Q, in the 
expression on the right side showed that the effect of z on NI p was minor in 
comparison with that of p and Q. Therefore a constant value of 1.645, which 
corresponds to the .05 level of significance for a directional test, was inserted for z. 
Some representative values of p and Q were substituted, thus producing the 
values of N i p shown in Table 1. . 

Notice that, for a constant value of Q, the critical value of N i p becomes 
smaller asp increases but that each curve flattens rather quickly. Presumably the 
researcher can make a rough estimate of the expected average size of correlation 
among the variables in the domain being investigated; see for example 
Tinkelman (1971, p. 66). The calculated values in Table 1 suggest this 
approximate "rule of thumb": For variables expected to intercorrelate about .30, 
use at least twice as many subjects as variables. With an expected intercorrela
tional level of approximately .20, use at least three times as many subjects as 
variables, and with intercorrelations averaging about .15, the ratio should be at 
least four to one. However, in view oft}:le fact that these rules of thumb depend on 
an estimate regarding the value of the negative natural logarithm of the 
determinant of the correlation matrix, the researcher is urged to apply Bartlett's 
test to each obtained set of data before proceeding to factor extraction and 
transformation. .. 

Another important function of the correlation matrix is its inverse. Guttman 
(1953) showed that, as the number of variables increases, this function must exist 
and approach a diagonal matrix for common factor a11alysis to be appropriate. · 
This principle suggests another set ofrules of thumb for "pruning" the initial set 
of variables assembled by a researcher: 

(1) Eliminate any variable whose diagonal element in the inverse is less than 
1.25. In such a case the squared multiple correlation of this variable with the other 
variables would be less than .20 (Cooley& Lohnes, 1971, p.150). Thus it would be 
unlikely to participate sufficiently in a "common factor" for the particular 
battery. 

(2) Locate the off diagonal elements of the inverse that are less than -1.00. On 
the basis of this finding and conceptual considerations, eliminate further 
variables. When an offdiagonal element has this small a value, the partial 
correlation between the two variables (with all of the other variables held 
constant) is quite high, and they may well generate what Thurstone called a 
"doublet factor." 
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The present author has served as consultant to various clinical researchers 

and found that they often measure a large number of variables, some of which 

represent only slight variants of each other. Application of the foregoing two 

pruning rules would probably produce more interpretable factor analytic results. 

In summary, in this paper a rule of thumb has been presented for deciding on 

the minimal number of subjects that an investigator should seek after assembling 

the initial set of variables. Two other rules of thumb are given that enable him to 

pare down this inital set on the basis of values obtained in the inverse of the 

correlation matrix for these variables, before proceeding with the factor analysis. 
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Table 1 

CRITICAL VALUES 
OF THE RATIO OF NUMBER OF SUBJECTS TO VARIABLES 

Q p Nip 

.50 20 1.54 

.50 30 1.47 

.50 50 1.42 

.50 70 1.39 

.50 100 1.37 

.40 20 1.82 

.40 30 1.74 

.40 50 1.68 

.40 - 70 1.65 

.40 100 1.63 

.30 20 2.28 

.30 30 2.19 

.30 50 2.11 

.30 70 2.08 

.30 100 2.06 

.20 20 3.21 JI 

.20 . 30 3.09 

.20 50 2.98 

.20 70 2.94 

.20 100 2.91 

.15 20 4.14 

.15 30 3.98 

.15 50 3.86 

.15 70 3.80 

.15 100 3.76 

.10 20 6.00 

.10 30 5.78 

.10 50 5.60 U, 

.10 70 5.52 

.10 100 5.47 
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THE CLINICAL USE OF DIFFERENCE SCORES: 
SOME PSYCHOMETRIC PROBLEMS 

Raymond B. Cattell 
Hawaii School of Professional Psychology 

ABSTRACT 

Some pure statisticians have raised such difficulties regarding difference 
scores that clinicians and others who are bound to use them have been doing so 
only with trepidation. 

This article examines the dependability of difference scores as a function of(l) 
the dependability of the single occasion scores, (2) the correlation between pre
and post-interval scores, (3) the pre-post difference of means and (4) the relative 
pre-post standard deviation -all in regard to the same variable measured twice 
on the same people. 

Uncorrelated pre- and post-scores, equal or unequal in variance, yield 
differences with no larger percent error than the single occasion scores. The 
difference score has highest dependability with a negative pre-post correlation, 
and is reduced finally to zero with a positive, except when before and after 
standard deviations are different. 

The suitability of procedures depends on the psychological model one is using 
- merely itemetric or heeding structures recognized in trait and state theory. In 
the latter one must distinguish between the "instant" pre-post dependability 
coefficient and the long term stability C!oefficient, in which the true score itself 
alters. A trait constancy coefficient of0.5, not uncommon over, say, six months of 
therapy, results in a reduction of a difference score dependability coefficient of0.9 
to 0.82, which can readily be compensated by a Spearman-Brown calculated 
increase of test length. More important than what some statisticians have 
emphasized is the need for getting equal interval properties in the test, by pan
normalization or relational simplex principles. 

INTRODUCTION 

Clinical psychology seems long to have been content to use measurement only 
in initial personality assessment and diagnosis. With the advent of more analytic 
measures of factor source traits, as in the 16 PF, the Guilford-Zimmerman, the 
HSPQ, MAT, etc., it is now possible to monitor progress and adjust therapeutic 
tactics to the changes found. A rationale for such procedures, with illustrations, 
has recently been given by Cattell (1980), combining measurement with the 
principles of structured learning theory. 

In the end, all such clinical direction hinges on the reliability of change 

measures, i.e. of a difference score on the same trait or state measure between two 
occasions on the same person. The provocation of the present article is that 
certain statisticians, e.g. Cronbach & Furby (1970) started such doubts about 
difference scores that even committees for graduate students' theses have been 
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known to deplore the use of difference scores - and this despite the adequate 

rebuttal by Nesselroade & Cable (1974), and the prior analysis (1966) by the 

present writer. Indeed, as recently as 1981, a research proposal by a colleague was 

rejected by a Washington committee, inaptly and ineptly repeating the old 

criticism. 
Actually, some essentials in the use of difference scores had been set out way 

back by Lord (1958, 1963), the present writer (1966), Damario, Tucker & Messick 

(1966) and others. The issues arise both in ANOVA and CORAN (correlation 

analysis designs) and have been sufficiently dealt with in the former in the 

principles for repeated measurements designs. It is in CO RAN that the pro bl ems 

arise that we shall presently discuss. 

These problems concern the basic approaches to trait and state definition. The 

discovery of the main source traits in our culture has rested oh R-technique factor 

analysis, i.e. factoring one-occasion measures. Test consistency and validity for 

such structures are commonly understood. State and trait-change factors, on the 

other hand, depend for their recognition on dR ( differential R) technique by 

factoring difference scores - over a few days for the former and months or years 

for the latter. The relation of trait (R-technique) factors to trait change (dR

technique) factors is particularly instructive for developmental psychology 

(N esselroade & Reese, 1970). This is one of several areas where the insightful 

handling of difference scores is important. 

INFLUENCES AFFECTING DIFFERENCE SCORES 

What has upset people about difference scores is that at first glance they would 

appear to have twice the proportion of error variance of single scores, because 

there is random error in the first measurement and again in the second___: a double 

error contribution as it were. 

But let us pursue a model in which there is a fixed trait score t(t1 or t2) on both 

occasions. (This could be zero in a state). There will next be a fluctuation from that 

score, tf (tfl and tf2) present on both occasions. (This is all that will be real in a 

true state.) Finally there will be sheer random measurement error e (e1 and e2). 

The magnitude of the observed score o (01 and 02) on one occasion will be 

o 1 = t 1 + tfl + e 1 

and similarly for 02. 

The difference score will be 

0(2-1) = (t2 - t1) + (tf2 - tf1) + (e2 - e1) 

which, since t2 = t 1 will be 

0(2-1) = (tf2 - tf1) + (e2 - e1) 

(1) 

(2(a)) 

(2(b)) 

The variance of this difference would contain negative covariances if any 

correlation among t1, t2, tf}, tf2, e1 and e2 exists but none does. (If derived from 

2(a) we should have rt1t2 = -1.0.) 
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So we have: 

(3) 

If instead of separating the trait part in to a fixed and fluctuah t part we had left 
it as t' J (= tJ + tfJ) then tJ' and t'2 · would correlate positively and the whole 
observed score of the two measures· involved in the difference score would do so. 
The doubters of difference scores, using that model, rightly perceive that the 
ensuing positive correlation will produce a negative covariance, so that the ratio 
of true to error score in the difference score will be lower than in the single 
occasion scores. However, we wish here to see how things will behave in what 
seems a more realistic model. 

Historically, let us note that this tendency for a significant positive correlation 
between pre- and post-experimental (or developmental) scores led to Lord (1958) 
and other competent statisticians in psychometry, to suggest using difference 
scores derived by partialling out the pre from the post score, i.e. removing the 
correlation. By some this was viewed also as taking the error on occasion 1 out of 
occasion 2 and thus not dealing with double error. (Some ingenious variations 
partialled the mean of pre- and post- from the difference.) This has a certain 
neatness, but it is an arbitrary emasculation of nature that would remove all 
chance of discovering any natural laws that might exist connecting original and 
difference scored. For example, there are growth curves where growth is a 
fu•nction of the absolute level, and homeostatic laws where change is a function of 
initial deviation.I 

Our position will be that to tamper with the raw difference score (other than 
the usual use of standard score transformations) is to ignore the most likely model 
and certain real relations to it. If the proof of the pudding is the eating then the 
internal and external consistency of the ·scientific results we have so far obtained 
in factoring difference scores (dR technique) in programmatic work (Cattell, 
1979-1980; Horn, 1972) supports the direct - one might say honest - use of 
untouched raw score differences. Admittedly particular precautions need to be 
taken in so doing to reduce the admitted effect of pre-post correlation. These 
precautions have been described elsewhere and include ( 1) Using longer tests to 
raise the dependability coefficient of the single occasion measures themselves, (2) · 
Keeping conditions such as to maintain pre- and post- dependabilities essentially 
equal, (3) Keeping pre- and post-variances equal, if necessary by putting them in 
standard scores, and ( 4) Obtaining both dependability (re-test without time for 
trait change) coefficients and stability (re-test after psychological change) 
cofficients, to use in ways described below. 

The precautions thus seen as necessary can be considered dictated by the 
following causes of blurring of difference factor patterns (See Bartsch & 
Nesselroade, 1973). In summary they are: 

(1) That since raw scores from scales are not guaranteed to have equal interval 
properties this will bring more serious distortion to difference scores than to 
single occasion scores (Cattell, 1966, p. 366; 1978, p. 345). 

(2) That if there is a large positive correlation between the before and the after 
scores "the amount of error in a difference score can be about double that in a 
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single score" (Cattell, 1973). In Table 1 this is illustrated and supported in 

equation 4 by taking a fairly usual true score correlation of 0.5 between 

occasions (See Schuerger, Tait & Tavernelli, 1982). Naturally the above 

statement would be misleading if less usual correlations were encountered. 

(3) That the problem is increased by low reliability of the single occasion scores 

themselves. 
(4) That false factors (traits, not states) will intrude if there are gross difference 

of raw score standard deviation between the two occasions. 

ESTIMATION OF THE EFFECT OF TWO MAIN INFLUENCES 

ON THE DEPENDABILITY COEFFICIENT 

We set the first and fourth influence above aside, since the latter is likely to 

stay fixed in most clinical studies (but perhaps not in learning experiments) and 

we shall soon suggest ways of reducing the former. Accordingly we shall now 

evaluate the psychometric impact of the second and third, as they apply to 

difference scores (in ANOVA or CORAN) in use against other, dependent or 

independent variables. 

The discussion will go beyond that commonly presented in bare operational 

pyschometric coefficients in as much as we shall consider application to models 

of traits, states and trait development factors. The reader would do well to refresh 

himself on more recent (Cattell, 1973, 1978) analytical concepts concerning 

coefficients of test consistency and validity. For it is necessary to recognize the 

distinction of dependability, homogeneity, and transferability, as distinct aspects 

of test cohsistency. 1 Note also that the constancy coefficient, re, applies to a trait, 

not a test though it is derived from test-operational dependability rd and stability, 

rs coefficients. 
Concerning the relation of correlation to variance pedicted it should be 

recognized that in all re-tests, i.e. with the same test, the coefficient directly 

represents the percent of shared variance. (The squared r, as usual, gives 

prediction of variance of one testing accounted for by the totality of the other.) 

Th'us an rd(dependability) of0.85 indicated85% of true, common variance in each 

and 15% of error or non-common variance. 2 

It is necessary to set out the effect of the components in equation (2(b)) upon 

the test variance. Since these components are uncorrelated, the deviation on 

occasion 2 having nothing to do with that on 1, the difference score variance will 

be: 
(4) 

which, with assumption of equal variances on the two occasions we reduced to (3) 

earlier. The dependability coefficient for the difference score will thus be: 

0 2tf 
rd(2-1) = --,,,---

CY tf + CY 2e 
(5) 

This could be directly observed and calculated only if we could exactly repeat 

the experiment and the subjects ' states in coming to the second difference 

experiment and our concern is therefore to calculate (5) from other sources. Those 
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sources, which we agree are the dependability of the single occasion scores and 
the correlation of pre- and post-scores are represented in variance terms as 
follows: 

Dependability 
(Immediate retest) 

and: 
Stability 
(Long term retest) 

rd(tl ) = 

rs(tl) = 

o 2tl + o 2tfl 
2 

o tl + o 2tfl + o 2eJ 

2' 
O' e 

(6) 

(7) 

The coefficient of trait ( or state) constancy (which is not a property of the test) 
is: 

0"
2tl 

rc(tl) = ----
o 2tl + o 2tfl 

(8) 

The algebra of derivingrd(2-1) from theseinvolvesseveral steps which can be 
sketched in the main links: · 

1 = O' 
2t + O' 

2tf + 0 
2t 

rd - rs ,,2tf ' 

(Substituting rd(2-1) = 
1 

+ ~ 
rd(2-1) a 2tf 

(Substituting in (8)) 

rd - rs 
rd(2-1)=----

--1-_~~~~ ..... ( rd - rs) 

(7) 

(8) 

(9) 

(10) 

This is the required derivation of the directly unobservable rd(2-1) from 
properties of the single occasion scores. But actually· re can scarcely be called 
directly observable and fortunately we know (Cattell, 1973) that: 

which nicely simplifies (10) to 

r~ - rs rd(2-1)=---~ 
- rs 

(11) 

(12) 

To show what this means in terms of a frequently encountered range of values 
we have taken in Table 1 dependability coefficients of .9, .8, and .7, and stability 
coefficients of .7, .6, .5, 0 and -.5. 
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dependability of the difference score actually exceeding that of the original single 

occasion test. 
So far we have proceeded with the usually reasonable assumption that the 

variance components, o- 2t, o-2tf, and o-2c will be essentially the same in 
proceeding from test to re-test. However it might alter, and, indeed, in the case of a 
group-measured on, say, anxiety and re-measured under the influence of a 
powerful common anxiety stimulus, modulation theory expects the standard 
deviation to change proportionally to the change in mean (Cattell, 1979). Indeed, 
Cattell & Brennan (In press) have shown that in both anxiety and depression the 
group variance increases proportionally to the increase of the group mean 
through the anxiety or depres.sion provoking modulating stimulus situation. It 
seems best to handle this differently from Table 1, namely by showing the 
variance changes which bring about the stability and constancy coefficient 
changes. For simplicity we have held to a first administration dependability of 
0.9 as in column 1 Table 1. By modulation theory (Cattell, 1973, 1979; Cattell & 
Brennan, In press) 

1st Occasion SikJ = SkJL i 
2nd Occasion Sik2 = Sk2Li 

(13(a)) 
(13(b)) 

where Sik is the state score of person i in situation k, Li is his prneness to that 
emotion, and Sk is the modulator strength of the stimulus situation k. In our 
notation so far Skl will equal (tJ + tfJ) and Sk2 will equal(tJ + tf2) so we can letL = t 
and write 

tJ + t{l = SkJtJ (14(a)) 

and 

(14(b)) 

whence tr= (1 + Sk)tJ in general. 
To shift from modulator language to our present, let us call ( 1 + s k) some sing le 

multiplier m. Then on the first occasion of measurement 

OJ = tJ + mJtJ + eJ (15(a)) 

and on second 

(15(b)) 

The difference score will be 

(02 - OJ)= (m2 - mJ)tJ + (e2 - eJ) 

and the variance 
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extending the first term on the right we have 

r is here the constancy coefficient of the trait. Ifit were unity, i.e. if no influence 

but the s k2 -s k 1 difference affected all individuals between the two occasions then 

the variance would be 

and the dependability would be 

( CY m2t- CYmJ)2 

rd
(
2
-l) = ( er m2t - crm1t>2 + 2 CY 2e 

In short, even with perfect trait constancy the difference score would have 

some dependability if the standard deviation altered between the two occasions. 

If influences additional totheexperimentallyimposedskJ andsk2 modulated the 

liability, and were peculiar to each individual, rm2t. m 1 t would be less than unity 

and rd(2-1) would be larger. 

A word is necessary, finally, about the apparent determination of the 

difference score dependability, rd(2-1)-, in equation (10) by all three coefficients, 

rd, rs, and re. As equation (12) shows there are actually only two, due to the 

interdependence in the three (Equation 11 ). Theoretically it is more basic to think 

of determination by the inherent constancy over time of the trait, r c, and the sheer 

dependability of the test being used, rd. Practically the values one will want for 

solution are an immediate test-retest, rd, and a retest over the period in which one 

is interested in change from an experimental influence or life development. 

SUMMARY 

(1) Rumors of statistical condemnation of difference scores as excessively 

unr'eliable have to some extent inhibited their use where closer analysis would 

show it is appropriate. 
(2) Bare discussion of coefficients without an underlying model has been 

partly responsible for uncertainties. Here the same basic model is proposed as has 

been effective on other areas. It rests on the findings by R-, dR- and P-technique 

factor analysis, in personality and ability modalities, of fixed traits, trait change 

patterns, and state change dimensions. A test score on one occasion can be 

divided into components t(fixed trait), tf(function fluctuation, either from trait or 

state change source) and e error of measurement. 

(3) The coefficients affected by these components are studied in the light of the 

more recent treatment of consistency of a scale (Catttell, 1972), analyzing it into 

aspects of (a) reliability, (b) homogeneity, and (3) transferability, and opera

tionally further breaking reliability into dependabili ty and stability coefficient 

forms. 
(4) Four main influences affect the dependability coefficient of a difference 

score (i) absence of equal interval properties on the single occasion scale reduce it, 

(ii) positive stability coefficients between test and retest, due to high trait 
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constancy coefficients (re's) reduce it, (iii) low dependability of the single occasion 
scales reduce it, and (iv) gross differences of standard deviation between the two 
occasions will reduce it. 

(5) This article concentrates on (ii) and (iii) and shows, by analyzing the 
variances entering into the various coefficients that(with assumption of stability 
of each variance across two similar testings) the dependability of a difference 
score is calculable as: 

rd(2-1)=--rd_-_r_s_ 
1-rs 

the dependabilities and stabilities being those of the single occasion. 
Alternatively this can be stated in terms of the dependability and the trait 

constancy by 

rct<-1-rc) 
rd(2-1) = ----

1-rc. rd 

the first deriving from observable -coefficients, the second from personality 
theory concerning trait constancy. 

(6)A table sets out therd(2-1) values from commonly encountered rd's and rs's, 
in which it appears that(i) there is no difference score dependability when rd= rs, 
(ii) difference score dependabilities are quite good with rd's about .8 to .9 and rs's 
about0 to .7, (iii) with zero stability, which is the perfect state scale finding, the 
difference scores have the same reliability as the single measure, (iv) in the 
unusual event of negative stability coefficients the difference score exceeds in 
dependability the single score. 

(7) Modulation theory suggests that in state measurement the assumption of 
constant variance at different situational modulator indices cannot be made. As 
far as pursued here this seems not to invalidate the general evaluation of 
difference dependabilities, but it does show that with perfect trait constancy and 
high stability coefficients, that would on the first assumption reduce difference 
dependability to zero, the differences now retain dependability. 

(8) The importance of change measurement has long been recognized in 
experiment, though more in bivariate ANOV A, than, until lately, multivariate 
CORAN designs. Its importance in clinical psychology has only appeared · 
recently with the advent of tests capable of meaningfully measuring therapeutic 
change (Karoly & Steffen, 1980; Waskow & Parloff, 1975; Cattell, Rickels, et al. 
1966; Rickels & Cattell, 1969). The studies and experiments, however, have so far 
scarcely once given attention to the basic problem of dependability of ordinary 
difference scores. 

(9) As change measurement comes to play a more important role it becomes 
vital (i) to evaluate in each experiment the dependability ascribable to the given 
difference scores, (ii) to give fuller meaning to the measures in terms of (a) 
existing knowledge of traits and states (rather than mere variables) involved, (iii) 
to be prepared to give more testing time, in order (by the Spearman-Brown 
formula), to raise the dependability of the single measures to a level needed, in 
relation to the anticipated stability coefficients, (iv) to give more serious attention 
to the importance of equal unit scales in these areas. There are already available 
two approaches - pan-normalization (Cattell, 1973) and the relational simplex 
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. (Cattell, 1962, 1973) - that could improve our scales in that respect. 

(10) Difference measurement needs bringing into relation not only with 

factorial evidence on traits, trait change patterns and state dimensions, as 

suggested above, but also to models separating genetic maturation and structured 

learning (Baltes & Nesselroade, 1973; Cattell, 1982; Goulet, 1973; Schaie 1973) 

and such analyses of state and situation interaction as modulation theory 

(Cattell & Brennan, In press). 

FOOTNOTES 

1 It will be noted that we keep here to the more analytical and precise terminology in the 

field of test consistency used elsewhere by the present writer(1973, p. 354) his coworkers and 

others, namely: 

rd= dependablity (short-term inter occasion, repeat reliability) 

rs= stability, repeat dependability over long term and situation ch.ange 

rtc = trait constancy, constancy of the trait itself (true score) over long term, 

situational change. Alternatively written rat.bt here. 

2When one is involved in testing unitary source traits one must note that common 

variance need not all be the wanted factor of one's research, but is both the wanted and the 

unwanted broad or specific factor variance, i.e. "true" does not mean "pure factor" (See 

diagram, Cattell, 1973, p. 380). 

3 Some trait stability coefficient over truly long periods were provided by Kelley (1955) 

and over fairly long time intervals, as by-products, in the work of Cattell & Scheier (1961). 

The latter found for the pure anxiety factor over 3 years, for a group of medical students, a 

stability coefficient of 0.4. Many other such results· on factored source traits must now be 

available for collation from the literature. A valuable comprehensive survey averaging 

personality trait test stability coefficients, by Schuerger, Tait, & Tavernelli (1982) points to 

0.8 over a month, and about 0.6 over four years. With the exception of intelligence, and for 

such periods as are covered in developmental studies, an rs of0.6 such as we have taken for 

calculation is pretty representative. 
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ABSTRACT 

More than 25 years ago Raymond B. Cattell presented a paper at the Ke11tucky 

Symposium on Learning theory, personality theory and clinical research (Cattell, 

1954). In this remarkably foresightf~l analysis, Prof. Cattell outlined what he 

considered to be the necessary steps which should be taken in order to bring 

together the essentially separate areas of personality and learning theory into a 

comprehensive theory of behavior. Prior to, and in the years following Cattell's 

paper, other psychologists have also recognized the far-reaching significance of 

this type of integration. However, until the publication of the two volumes of 

P~rsonality and Learning Theory, such a significant rapprochement had yet to 

be considered in the detail which it deserves. 
The first volume of Personality and Learning Theory is to a large extent a 

concise summary and synthesis of various areas of Cattell's research involve

ment. Some chapters, such as those on life situation measures, motivation, and 

laboratory measurement, represent co~densations of entire books. Other chapters 

consist more of a gathering of ideas which had been published in diverse sources. 

As a · result, Volume 1 provides an excellent starting-off point for readers 

encountering Cattell for the first time, who might otherwise be overwhelmed by 

the task of digesting such a vast amount of material. Since 1975, I have been 

teaching an undergraduate course focusing upon the work of Cattell and his 

associates. This book is ideally suited for use as a text in such a course. 
Those who are more familiar with previous work of Prof. Cattell Cj.n also be 

expected to appreciate the convenience of having an up-to-date, single source to 

which they may refer for an overview of his approach to psychology. Moreover, 

many intricate concepts have been restated with greater clarity, often with a 

fresh example or analogy, leading to insights which may have eluded even the 

most assiduous reader of previous books and articles. 
But Volume 1 is not only a comprehensive consolidation and lucid restatement 

of previous writing, it also contains important elaborations of earlier proposals 

and novel hypotheses about some fascinating theoretical issues. Some of these 

new thoughts, such as those regarding the relationship between first and second

order factors, between the observer and the observed, and between different 

mediums of personality measurements, may be found throughout the book. 

However, the chapter on measuring the environment, referred to as "econetics" is 

almost entirely new. Beginning with a framework set forth in a chapter of a book 

on the Stimulus Determinants of Behavior (Sells, 1961), Cattell presents two 
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important approaches to measuring the environment, the "person-centered" and 

the "additive attributes" models. The development of these models is an 

important new aspect of Cattell's overall theory of human behavior as may be 

seen in the second volume. 

In Volume 2 of Personality and Learning Theory Cattell builds upon the 

foundation laid in Volume 1 and proceeds to extend his system of scientific ideas 

to an extraordinary degree. The essence ofCattell's approach is that learning is a 

multidimensional change in a multidimensional situation. Having dealt in 

Volume 1 with the measurement of dimensions, or "structures", Cattell now 

moves on to consider how structured learning is intertwined with maturational 

change. Because such a task involves sophisticated treatment of hereditary 

principles, the opening chapter focuses to a great extent upon genetics.Next there 

is a comprehensive treatment of the role of motivation in learning, followed by a 

comparison of structured learning theory with reflexological approaches. 

Subsequent chapters deal with matrix procedures for handling multidimensiQnal 

change together with details of how integrating structures function within a 

systems theory of personality,.society and culture. 

Throughout Personality and Learning Theory the sheer number of new 

concepts is in itself impressive. But it is the quality of these fr~sh ideas which is 

most overwhelming. I would venture to say that there are probably more 

potential Ph.D thesis topics per page than in any other single book that has ever 

been written aboufpsychology. An incredible range of topics is covered, from 

genetics to the dimensions of whole societies, and the depth of scholarship is 

outstanding. Having worked both with Charles Spearman and E.L. Thorndike 

gives . Cattell a unique perspective from which to approach the colossal task of 

building a bridge between psychometrics and learning theory. His · immense 

knowledge of material from other disciplines is also much apparent throughout 

the book. While explaining intricate psychological concepts, Cattell flows with 

ease to analogies in physics, chemistry or biology. Similarily, he is able to move 

from poetry to formulas, and then back to Shakespeare, with a grace that is 

seldom seen in scientific writing. Some reviewers have found Cattell difficult to 

reacl. Yet it has been my experience that if one takes the trouble to learn the 

terminology which he has carefully developed over the years, there is a quality to 

his writing style which rivals that of great literary works. 

Taken together, the two volumes of Personality and Learning Theory 

represent an enormous achievement.Yet the important question still remains as 

to what will be the impact of this major work upon future developments i.n 

psychology. One of the most frequently used adjectives in reviews of Cattell's 

previous books has been "brilliant". Yet previous reviews have also noted that 

while Cattell has been highly respected, at the same time he has been greatly 

ignored. Historians will be able to trace multiple reasons for the relative neglect of 

his work, of which one of the foremost will be that he was often far ahead of his 

contemporaries iI). many of his ideas. It is this reviewer's opinion that Cattell will 

someday be generally recognized as having made contributions to psychology on 

the same level as Newton, Darwin and Einstein in their sciences. Personality and 

Learning Theory may be looked upon as his masterpiece. He has truly followed 

"knowledge, like a sinking star, beyond the utmost bounds of human thought." 
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