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ABSTRACT 

The study examined processes associated with eye-movement dysfunction 
(EMD) maximally discriminating paranoid and nonparanoid schizophrenic sub
jects from psychiatric and normal controls. Measures included the linear slope of 
saccade number over velocities of a ramp visual target ( a measure shown effec
tively to distinguish schizophrenia-related EMD), along with several other meas
ures of perceptual/cognitive processes potentially contributing to oculomotor 
tracking. The first significant dimension, of a multipfe discriminant function 
analysis, was one of "EMD as related to spatial memory". Measures of the latter 
reflected efficiency in encoding properties of a visual stimulus array into a task
facilitative format. The paranoid schizophrenic subgroup had the highest scores 
on this dimension, normals, the lowest, and depressed psychiatric controls and 
nonparanoid schizophrenic patients, intermediate. A second significant dimension 
was one of "manual motor speed in following a ramp visual target". Depressives 
were slowest, and nonparanoid schizophrenic patients fastest. Speed of the non
paranoid patients was ascribed to extrapyramidal effects, especially tremor and 
akathisia. The results were discussed with respect to information processing 
involved in oculomotor tracking, and the effects of medication, or dyskinesia, on 
manual motor tracking. 
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MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

MULTIVARIATE STRUCTURE OF EYE MOVEMENT DYSFUNCTION 
DISTINGUISHING SCHIZOPHRENIA 

Studies of eye movement dysfunction (EMD), and those of dysfunctional 
memory, cognition and perception, by and large have represented parallel avenues 
of investigation (see e.g., Holzman, 1985; Spaulding & Cole, 1983). Recently, 
students of oculomotor control have contended that the processes involved in 
visually tracking a moying target, for example, overlap with those of perceptual 
and memory operations, including the transaction of traditional visual search and 
related tasks (Khurana & Kowler, 1987). Steinman (1986) emphasizes the need to 
consider the highest "cognitive" level whenever we evaluate control of eye 
movements. The assessment of EMD in terms of possible cognitive-perceptual 
correlates may inform us as to the functions involved in oculomotor control, and 

· suggest sources of abnormalities. 
The present study reflects an interest in the configuration of cognitive

behavioral processes defining EMD related to schizophrenia. The procedure is not 
unlike psychometrically defining the structure of a measure in terms of its asso
ciation with other measures, often as is done using factor analytic methods. In the 
present case, however, multivariate methods addressed specifically the structure 
of measurement variance involved in the separation of target diagnostic groups. 

It was important therefore to select as a representative from available i:neas
ures of oculomotor control one which discriminates well EMD as related to 
schizophrenia: The measure of choice comprised the slope of the linear function 
relating the number of saccadic eye movements to the velocity of a ramp visual 
target. The measure effectively discriminates between schizophrenic subjects and 
others. An estimated 75% of schizophrenic subjects produce a negative slope, 
while 90% of nonschizophrenic psychi~tric controls and 94% of nonpatient con
trols produce a positive slope. Furthermore, differences in linear trend account for 
99% of the between-groups variance in saccade-number change over target veloc
ities (Mather, Neufeld, Merskey, & Russell, 1992). 

An additional reason for investigating the covariation among oculomotor
control and cognitive/perceptual measures with respect to inter-group discrimina
tion, is as follows. Recently, EMD has been used as a behavioral phenotypic 
measure in constructing a mathematical model of heritability of schizophrenia 
(Holzman, Kringlen, Matthyse et al., 1988; Matthysse, Holzman, & Lang, 1986). 
The structure of this heuristic model (Matthysse & Holzman, 1989; McGue & 
Gottesman, 1989) expresses a Mendelian dominant-gene mechanism of transmis
sion of a latent trait that tends to be manifest behaviorally as schizophrenia, EMD 
or both. It seems important to describe further the expression of the tentative 
latent trait by exploring related cognitive/perceptual processes. 

Several processes were considered potentially to reflect components of track
ing performance. Among others, these included "visual-spatial management" 
(Flach, Kaplan, Banglesdorf, Orlowski & Carmody, 1990). Subjects were given a 
spatial-memory task (based on Smith & Milner, 1981) which required the loca
tions of an array of stimuli; they were required also to bisect lines of various 
lengths presented in various locations within the viewing field (Bowers & Heil
man, 1980). Two other tasks thought to impinge on oculomotor tracking included 
stimulus tracking using a non-ocular response modality (manual-motor tracking), 

2 



EYE MOVEMENT DYSFUNCTION DISTINGUISHING SCHIZOPHRENIA 

and oculomotor reaction time to a suddenly changing target (Iacono, Tuason, & 
Johnson, 1981; Mather & Putchat, 1983). · 

In this study, then, we measured oculomotor control, as well as performance 
on putatively related tasks, among paranoid and nonparanoid schizophrenic pa
tients, and psychiatric and nonpatient controls. Measures were submitted to a 
version of multiple discriminant function analysis originally developed by Cooley 
and Lohnes (1971) and Veldman (1967). The _analytical method identifies the 
number and nature of orthogonal dimensions separating the groups. The dimen
sions ("discriminant dimensions") successively maximize the variance account-

. ' 

ed for among the groups, with respect to the measurement battery. The method is 
not a stepwise procedure, thus avoiding the tenuous validity of a final solution 
developing from successive predictor selection (Derksen & Kesselman, 1992; 
Lees & Neufeld, 1994). It comprises, instead, simply the eigen-decomposition of 
the matrix product (J>PxPf1Apxp, where pPXP is the within-groups matrix of devia
tion-score cross products, and Apxp is the between-groups counterpart, p being the 
number of measures entering the analysis. 

The procedure is constrained to throwing into relief the most salient aspects of 
inter-group variation. Of principal interest are the structures of the discriminant 
dimensions, as defined by their associated measures, and the degree to which the 
respective structures characterize the individual groups. 

If oculomotor control involves selected cognitive/perceptual pr_ocesses 
(Steinman, 1986), then EMD may be expected to be related to deficits in cogni
tive/perceptual performance as tapped by the present measures. A discriminant 
dimension reflecting cognitive/perceptual processes conjoint with EMD, in turn, 
especially may be indicative of paranoid schizophrenic diagnostic status; these 
subjects in particular have displayed deficits in encoding spatial stimulus proper
ties (Magaro, 1983; Neufeld, 1991 ), deficits possibly detracting from normal 
visual tracking of a moving target (e.g., Khurana & Kowler, 1987). The spatial 
memory task described above, for example, requires specifically the encoding and 
rehearsal of a visual array. Retardation in stimulus encoding, associated with 
paranoid schizophrenia (Neufeld, Vollick, & Highgate-Maynard, 1993) should 
reduce. opportunities for rehearsal during the limited time of array present~tion 
(Neufeld & Williamson, in press). To the degree that such encoding processes 
overlap with those involved in "eye tracking" abnormality, discriminant dimen
sion structure(s) should evince an association between spatial memory and eye 
tracking performance, characterizing especially paranoid schizophrenic patients. 

METHOD 
Subjects 

Nonpatient control subjects (n=l6) were recruited from a pool of "mature 
summer school students" in Psychology at the University of Western Ontario. 
Schizophrenic patients (n=24) apd depressed (n=lO) psychiatric control subjects 
were selected from the inpatient population of the London Psychiatric Hospital, 
London, Ontario. All subjects were right-handed by Olfield's (1971) test, and 
between 18 and 50 years of age. They had a minimum of Grade 8 education, an 
estimated Weschler Adult Intelligence Scale Vocabulary IQ (Paitich & Crawford, 
1970) of 80 or greater, and no indications of prior drug dependency or alcohol
ism. Cumulative hospitalization did not exceed 3.5 years, and history of brain 
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pathology and electroconvulsive therapy within 6 months prior to testing both 
were negative. 

· Patient groups were selected by clinical diagnosis and Research Diagnostic 
Criteria (RDC). The latter were established by systematic interview using the 
Symptom-Sign Inventory (Foulds, 1965; George & Neufeld, 1987). Diagnoses 
were paranoid schizophrenia (n=l5), nonparanoid schizophrenia (n=9) and unipo
lar depressive affective disorder (n=lO). Demographic characteristics of these 
groups are presented in Table 1. Significant differences in WAIS-Clarke IQ 
occurred between the· nonpatient controls and the respective psychiatric groups 
(p < .05), the psychiatric groups not differing significantly from one another. The 
paranoid and nonparanoid schizophrenic patients each exceeded the psychiatric 
controls in chlorpromazine (CPZ) equivalence drug dosages (p < .05), but did not 
differ significantly from each other. A similar.pattern of inter-group differences 
held for medication for neuroleptic side effe.cts (in benztropine-equivalence 
dosages) . 

. With respect to side effects themselves, Tardive Dyskinesia (TD; see Spohn, 
Coyne, Lacoursiere, Mazur & Hayes, 1985), as measured on the Abnormal Invol
untary Movement Scale (AIMS; NIMH, 1974), was higher for the nonparanoid · 
schizophrenic patients (x = 0.50), than for the paranoid schizophrenic patients or 
psychiatric controls (x = 0.14 and 0.17, p < .05). The scale was administered by 
the fourth author, blind to patient diagnosis. Full-scale AIMS scores were em
ployed, rather than subdivisions of TD, in the face and extremities. Secondary 
analysis of data reported by Spohn et al. (1985) indicated that the subdivisions are 
parallel or statistically equivalent measures of a common dimension: differences 
in correlations with a variety of other measures generally were nonsignificant 
(and invariably so when Bonferroni adjustment for Type-I error was employed; 
Larzelere & Mulaik, 1977), while the subdivision scores were moderately and 
significantly correlated with each other (see Neufeld & Gardner, 1990). 

An additional measure of extrapyramidal symptomatology, the Simpson
Angus Scale (Simpson & Angus, 1970), was administered. One item, "head 
dropping,, was replaced with two items from a scale developed by Chouinard, 
Ross-Chouinard, Annable et al. (1980), considered to be more relevant in the 
present context. These items were bradykinesia (sluggishness of physical and 
mental processes), and akathisia (motor restlessness; inability to lie quietly or 
sleep). Nonparanoid schizophrenic patients were found to exceed the paranoid 
schizophrenic patients and the psychiatric controls with respect to 2 items: 
"tremor,, and "akathisia,,, p < 0.05. 

General Procedure 

Laboratory tasks performed by subjects included oculomotor and manual 
motor tracking, spatial memory, and line bisection. These tasks were undertaken 
during 2 half-hour experimental sessions. Specific procedures and measures 
derived from these tasks are outlined below. 
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TABLE 1 
DEMOGRAPHIC CHARACTERISTICS OF GROUPS 

Unipolar 
Paranoid Nonparanoid Affective 

Characteristic Schizophrenic Schizophrenic Disorder Normal 

No. of subjects: 
Males 7 5 3 9 
Females 8 4 7 7 

Age (years) Mean 31.73 31.22 32.70 25.31 
sd 7.88 6.23 9.14 4.55 

WAIS Vocab. Mean 102.33 102.78 107.00 111.56 
IQ sd 10.33 11.49 8.23 6.51 

Estim. Verb Mean(sd) 99.8 (8.16) 99.8 (5.53) 99.6 (7.85) 
Premorbid 

Perf Mean(sd) 102.2 (5.90) 101.8 (3.94) 101.6 (6.07) 
IQ+ 

Education Mean 12.07 12.11 11.90 14.88 
(years) sd 2.99 1.69 1.08 1.54 

Social Mean 3.53 4.00 3.60 3.19 
Position++ sd 1.06 1.00 1.07 1.11 

Cumulative Mean 7.90 13.78 12.75 
hospitali- sd 10.34 13.13 18.73 
zation (mos) 

Chlorpromaz. Mean 517.91 336.69 8.35 
medication sd 441.58 390.33 18.02 
equivalencies*(mg) 

Benztropine Mean 2.08 1.17 0.00 
medication sd 1.90 1.00 0.00 
equivalencies** 

Edinburgh Mean 63.33 66.67 77.00 88.12 
Handedness sd 69.45 64.81 31.99 17.60 
Index# 

Pre morbid Mean 0.88 0.85 0.5 
Adjustment## sd 0.33 0.23 0.2 

+ Barona, Reynolds & Chastain (1984) 
++ Hollingshead (1957) 
* Pavis (1976); Wyatt & Torgow (1976) 
** Krogh (1982) 
# Oldfield ( 1971) 
## Phillips & Zigler ( 1961) 

5 



MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

Tasks and Measures 

Oculomotor Control 
Tracking. Subjects watched a red laser light that was projected on a curved 

screen in front of them 57 cm away, so-that the light was always eq~i-distant from 
a point between their eyes. The light moved horizontally between 15° left and 15° 
right of centre, due to the pivoting motion of a mirror galvanometer. Light 
movement was computer controlled. The head was stabilized by a chin-forehead 
rest, so that only the eyes moved during tracking. 

Eye movement was recorded by DC electro-oculography (EOG); to enhance 
recording accuracy, solver-silver chloride electrodes were worn by subjects for 
1/2 hour before the experiment began. The EOG signal was calibrated during the 
preliminary period. In addition, eye settings were calibrated by having the subject 

· look to the centre and to the end points of target motion. This precaution was used 
because a study of normals showed that different subjects' settings of "straight 
ahead" and target end points were highly idiosyncratic (Mather & Fisk, 1985). 

A copy of the signals of eye and target positions were recorded on adjacent 
channels of a Grass Mod~l 7 polygraph. Baseline and accuracy of eye movements 
were recalibrated after every 4 trials, and the signals were filtered by a 1/2 amp 
frequency filter set at 72 Hz and a 60 Hz notch filter. To minimize fatigue, sub
jects rested for 30 sec after each trial and for 5 mins halfway through the approx
fmately 20-min task. 

For the test of tracking, the laser light target moved horizontally at a constant 
velocity for 30°. A trial comprised 6 different velocities: 11, 22, 33, 44, 55, and 
66°/s, presented once in each direction, and sampled randomly (12 moves). 
Between moves, the signal was stationary at end point for 500 ms. Thus, the 
target departure time and direction were predictable, but not the velocity. Two 
trials were presented with the room lights on and 2 with them off. Note that 
movement of a structured background across the retina slows smooth pursuit 
velocity and increases the number of saccades in normal subjects (Colleiwjh & 
Taminga, 1982). 

Measures provided by this task included mean number of saccadic movements 
at each target velocity during each trial. The number of saccadic movements was 
measured by hand from the polygraph records. Movements were only accepted as 
a saccade if they fit the following criteria: a single smooth movement, over 100° 
velocity (over 50° if they were in reverse direction to the pursuit component), 1.5° 
or more in amplitude, and not followed by a return of 50% or more ( characteristic 
of blinks or electrical noise). Saccades in the opposite direction from target 
movement were count~d for number but their amplitude was not added to the 
total, since that would be negative. All subjects attempted to some extent to 
predict target path, and occasionally but not often made "backward" saccades to 
return to accurate position at low target velocity. Few square wave jerks (Levin et 
al., 1982) or large anticipatory saccades (Whicker et al., 1985) were present, so it 
was not necessary to categorize them separately; most saccade-like moves met the 
velocity requirement. The number of these saccades was not simply related to the 
breakdown of pursuit tracking. Schizophrenic subjects did not have significantly 
slower pursuit than normals, and saccade number and pursuit velocity were not · 
significantly correlated (Mather et al., 1992). 
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Looking. A trial for the test of looking comprised 8 instantaneous movements 
of end points described above (i.e., 30 moves). The light was stationary at end 
point for either 500 ms or, randomly, 750 ms. Thus, the direction and amplitude 
of the target movements was known, but not the departure times. Two trials were 
given with the light continuously illuminated, followed by 2 trials of a "flash" 
condition, where the target was illuminated until 200 ms following a move, and 
again for 200 ms before the next move. Performance under the flash condition 
provided little additional information. Measures obtained, therefore, under the 
continuous-light condition included mean total amplitude (degrees) of saccades 
per target move, and mean saccadic reaction time to target movement (ms). 
Spatial Memory 

Subjects were asked to remember the locations of 16 small familiar items, 
according to procedures similar to those used by Smith and Milner (1981) in 
testing for memory deficits resulting from the ablation of portions of the hippo
campus. The items were set on a plexiglass sheet covering a matching-sized 64 x 
48 cm piece of white paper. Items were placed on 16 locations randomly selected 
from a grid of 32, which allowed them to be spaced apart from one another and 
yet not be seen to be arranged in any pattern. Each time the items were presented 
to a new subject, their locations were shifted one place, for a total of 16 possible 
arrangements. Eight items were always to the left of midline and eight to the 
right. The head was placed in a chin-rest during viewing, for stability. The_ item 
array was viewed for 3 mins, with the items being named in turn during the first 
minute. Subjects then turned away for a 2-min "forgetting period", during which 
the items and plexiglass sheet were removed, leaving the blank paper. They 
turned back and recalled as many item names as possible, with no time constraint 
but usually within one minute. At this point subjects were requested to replace the 
items exactly as initially shown. The disparity between the original and replace
ment positions were recorded. Measures included, first, the mean distance in cm 
between the original and replacement item positions, as measured from the 
approximate item centre points, and, second, the number of item names recalled. 
Line Bisection 

The task was to indicate the centre of balsa wood sticks placed in front of the 
subject (Bowers & Heilman, 1980). Variation in task conditions included; stick 
length (12, 18, 24 and 30 cm), hand used in bisection (left, right), position of the 
stick with respect to body midline (left, centre, right), and modality of incoming 
information (visual, and, for comparison, tactile). In the visual condition, subjects 
bisected the stick with a pencil stroke; in the tactile condition, they indicated with 
the index finger the centre of an unseen stick, after running the finger along the 
stick at liberty. Each bisection in the tactile condition commenced with the exper
imenter placing the subject's hand once on the left and once on the right end of 
the stick, considered important in balancing for direction-specific errors. These 
combinations made for 96 bisections in all. Measures for the tactile and visual 
conditions included the following: deviation of line bisection from midline, 
measured in mm and recorded' with sign (rightward= positive), as Constant Error, 
and without sign as Variable Error. 
M4nual Motor Tracking 

Manual tracking procedures were identical to those of eye tracking, apart from 
the following. Manual tracking was accomplished by the movement by the 
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dominanrhand of a pointer which pivoted about a point below the chin. Hand 
movements were recorded by a constant voltage signal passing through a linear 
potentiometer below the base of the pi voting arm holder; the resulting change 
recorded the angle of the pivoting pointer. As with oculomotor tracking, pointer 
settings for "straight ahead" and end points were calibrated for each subject. 
Measures included time lag (ms) of the hand crossing the centre behind the target 
- leading the target was recorded as negative. lag - and amplitude gain in per
cent. 

ANALYTICAL METHODS 

In order to describe the structure of differences among the diagnostic groups 
. with respect to oculomotor tracking, measures of the latter, along with those of 
looking, spatial memory, line bisection, and manual motor tracking, were submit
ted to a version of multiple discriminant function analysis (MDFA) originally 
developed by Cooley and Lohnes (1971), and Veldman (1967). The MDFA was 
used to identify the number of significant discriminant dimensions along which 
subjects from the respe·ctive diagnostic groups were separated. Discriminant 
dimensions comprise linear combinations of the included measures, minimizing 
overlap among the groups. Group separation is maximum on the first dimension, 
and becomes smaller with each succeeding dimension. Where the MDFA is car
ried out on 4 groups, with 3 or more measures, 3 significant discriminant func
tions are possible. 

Each dimension contains unique information about the nature of intergroup 
separation, in that each is orthogonal to the remainder. The structure coefficients 
- correlations between the original measures and the linear combination of 
measures associated with a discriminant dimension - describe the nature of 
group separation with respect to the dimension. Unlike certain other multivariate 
procedures, MDFA is constrained to throw into relief variance and covariance 
among the respective measures specifically associated with inter-group differenc
es. In this way, the method of analysis is ideally suited to identifying the multivar
iate structure of oculomotor-tracking as it distinguishes the diagnostic groups (see 
e.g., Neufeld, 1977). Previous uses of this procedure for dealing with similar 
problems in psychopathology have been presented by Broga and Neufeld (1977; 
1981). 

Since MDFA is not formally a "confirmatory multivariate procedure" (e.g., 
"confirmatory factor analysis"), -whereby the hypothesized pattern of results 
is specified numerically a priori-the stability of obtained findings needs to be 
con·sidered. Note that MDFA comprises "eigen-decomposition" of a matrix 
product. Details of the matrix multiplication, and the elements of a matrix product 
that is "decomposed", are available in a number of sources (e.g., Harris, 1985; 
Neufeld, 1977a). Stability of solutions from eigen-decomposition of data matrices 
is determined by (a) magnitudes of the obtained "eigenvalues" which reflect 
group discrimination on their associated dimensions, and (b) absolute size of the 
subject sample (Guadagnoli & Velicer, 1988). Such considerations preempt earli
er rule-of-thumb criteria involving measure-to-sample size ratios (see, e.g., 
Gudagnoli & Velicer, 1988). In the case of MDFA, stability can be evaluated 
directly in terms of the levels of discriminant-dimension statistical significance 
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(see also Davies, 1970), a function of eigenvalue magnitude, total sample size, as 
well as numbers of groups and measures. Statistical significance in this context 
refers to the probability of the obtained or greater group separation under ,the null 
hypothesis of a "multivariate swarm" from a common population (e;g., Cooley 
& Lohnes, 1971). 

RESULTS 

The measures submitted to the MDFA are listed in Table 2 .. In each case, a 
preliminary ANOVA was performed to identify significant interactions between 
Diagnostic Groups and the conditions of task administration (e.g., for oculomotor 
tracking, light-dark room illumination). Averaging of scores across the respective 
levels of a condition occurred only if there was no significant interaction between 
groups and the condition, except for the following two measures. Scores for the 
oculomotor saccade numbers incorporated significant nonadditive effects of 
groups and target velocity. Here, the slope and intercept of the linear function 
relating an individual's saccade number to target velocity was employed. Saccade 
amplitude similarly was scored, although effects of groups and target-velocity in 
this case were additive according to conventional alpha levels (actual p == .08). 
For Constant Error of tactile line bisection, two significant higher-order interac
tions were observed with respect to groups and the following conditions: stick 
length and stick position, and the preceding 3 factors, in turn, with left-right end 
of hand location, and left-right bisecting hand. Together, these effects accounted 
for less than 0.025 of the dependent-variable variance. Therefore, scores on tactile 
line bisection used for the MDFA were averaged across levels of these conditions. 

In a few instances, data for the Continuous-Target Looking Task was unscor
able because of recording difficulties. This problem.occurred with one paranoid 
and two nonparanoid schizophrenic patients, one psychiatric control patient, and 
one nonpatient control. Missing observations for the two measures obtained from 
this task (Continuous target total amplitude, and Continuous target reaction time) 
were replaced by estimates with degrees of freedom of significance tests reduced 
accordingly (Frane, 1985; Kirk, 1982; Tabachnick & Fidell, 1983). The .results 
reported in Table 2 should be regarded as univariate descriptors, augmenting the . 
multivariate findings (below). Their status is much the same as that of bivariate 
correlation matrices, typically presented alongisde omnibus multivariate analyses, 
such as factor analysis, cannonical correlation, or linear structural relations analy
sis. 

A one-way four-groups multivariate analysis of variance was applied to the 
measures listed in Table 2. The F-ratio approximation to Wilk's A was 3.170 
(36/94), R < 0.00009, indicating one or more significant discriminant dimensions 
separated the groups. Group separation on the first dimension (A

1
) was highly 

significant according .to Rao's approximate chi2 test, chi2 (14) = 61.42, 
R < 0.00009; separation on the second dimension was significant also, chi2 (12) 
= 24.65, p == .0115, unlike that on the third dimension, chi2 (10) = 5.76. The first 
dimension accounted for 78% of the multivariate between-group separation, and 
the second dimension, for 19% . . 

Figure 1 presents structure coefficients for the two significant discriminant 
dimensions. The configurations of group separation on the 2-dimensional plane is 
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TABLE 2. Means, standard deviations (in parantheses) and univariate F ratios fotmeasures submitted to MDFA. 

Paranoid Nonparanoid Psychiatric Nonpatient 

Measure Schizophrenics Schizophrenics Controls Controls F df p 

Oculomotor Control: 
. ~ Tracking: 

Slope for a saccade 
-0.0052 (0.Ql 78) 0.0189 (0.0187) 0.0285 (0.0227) 13.81 3/46 < 0.0001 ~ number as a function -0.0112 (0.0381) 

of target velocity 

Intercept for saccade 
numper as a function 3.19 (0.9765) 2.82 (0.7370) 1.87 (0.8350) 1.13 (0.8857) 16.17 3/46 < 0.0001 ~ 
of target velocity 

~ 
Slope for saccade i amplitude as a function 0.3034 (0.0413) 0.2941 (0.0645) 0.3437 (0.0941) 0.3554 (0.0802) 2.35 3/46 NS 
of target velocity ; - Intercept for saccade 

0 amplitude as a function 0.143 (1.7719) 0.289 (1.9481) . -2.274 (1.3416) -3.306 (1.9792) 11.49 3/46 < 0.0002 

~ of target velocity ( deg) 

Looking: 
(") 

Continuous-target total 
(1.9225) r4 

amplitude (degrees) 26.99 (3.1321) 28.41 (1.5317) 27.87 (2.4680) 29.71 4.03 3/41 < 0.05 
~ Continuous-target 

reaction time (msec) 190.00 (17.627) 193.55 (19.955) 192.22 (13.357) 191.33 (14.659) <1 3/41 NS (") 

Spatial Memory: ~ 
Absolute Displacement(cm) 9.50 (6.8298) 6.73 (3.8574) 8.15 (3.9274) 4.54 (2.2735) 3.16 3/46 < 0.04 ~ Number Named 10.67 (2.1269) 10.44 (2.4552) 12.10 (1.7920) 13.44 (2.5025) 5.21 3/46 < 0.04 Cl) 

Line Bisection: 
tI1 

Constant Error, Visual(rnm) 0.0280 (0.1257) 0.667 (0.210) 0.0180 (0.1931) -0.1294 (0.2323) 2.74 3/46 NS ~ 
Constant Error, Tactile(rnm) 0.1720 (0.4373) -0.0667 (0.3073) -0.1010 (0.3881) -0.0825 (0.3100) 1.74 3/46 NS (") 

::t:: 
Manual Motor Tracking: 
Lag at Center (msec) 118.63 (67.936) 37.92 (62.892) 135.46 (64.378) . 92.8 (48.2697) 4.85 3/46 < 0.006 
Percent Amplitude Gain 94.55 (16.295) 101.52 (15.261) 102.82 (15.983) 100.45 (13.556) <1 3/46 NS 
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presented in Figure 2. Locations on this plane correspond to the group centroids, 
which comprise the group-average discriminant scores; discriminant scores, in 
turn, are weighted sums of the constituent measures, th~ weights being deter
mined by the corresponding discriminant fun_ction. For measures with negative 
structure coefficients in Figure 1 ( e.g., ~accade-number slope on A

1
, and Continu

ous-target total amplitude on A
1
), lower measure scores lead to higher discrimi

nant scores (Figure 2). The group means; and univariate F ratios for the various 
measures are presented in Table 2. · · 

Figure 2. Group centroids on A
1 

and A
2

• 
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Consideration of the structure coefficients (Figure 1) indicates that A
1 

is de
scribed by measures of oculomotor control, and A

2 
by a measure of manual motor 

control (lag at centre). Measures with the higher structure coefficients on A
1 

in
clude the slope of the linear function relating saccade number to tracking target 
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velocity. Paranoid schizophrenic patients had the highest negative slopes and 
normal controls, the highest positive slopes (Table 3). Neuman-Keuls a posteriori 
paired comparisons, pursuant to the significant F ratio presented in Table 2, indi
cated each subgroup of schizophrenic patients to be significantly different from 
each group of controls, p < 0.0001, other differences being nonsignificant. Simi
larly, the paranoid schizophrenic patients had the highest mean intercept of the 
saccade-number linear function, the nonpatients having the lowest. Paired com
parisons revealed a pattern of inter-group differences like that for saccade-number 
slope, except now also the psychiatric and nonpatient controls differed signifi
cantly, p < 0.0 l. For the intercept of the linear function relating saccade
amplitude to tracking target velocity, the configuration of significant differences 
among the groups was identical to that for saccade-number slope. 

TABLE3 

MEAN NUMBER OF SACCADES OVER TARGET 
VELOCITIES FOR EACH GROUP. 

Target Velocity (°Is) 

Group 11 22 33 44 55 66 

Paranoid 
Schizophrenic 3.21 2.75 2.88 2.81 2.69 2.47 

Nonparanoid 
Schizophrenic 2.73 2.54 2.82 2.79 2.55 2.33 

Psychiatric 
Control 1.86 2.14 2.90 2.95 2.95 2.82 

Normal 
Control 1.42 1.65 2.08 2.08 2.77 2.72 

Turning to performance on the looking task, the total saccade amplitude. asso
ciated with the instantaneously shifting target was significantly lower for the 
paranoid schizophrenic patients than for the nonpatient controls, p < 0.05: 

Measures of other behaviors associated with A
1 

were those of spatial memory; 
number of items named, and displacement from original positions. Both paranoid 
and nonparnaoid schizophrenic patients named fewer items than nonpatient 
controls, p < 0.05, and the paranoid schizophrenic subgroup exceeded the nonpa
tient controls in displacing the items from their original positions, p < 0.05. 

Based on the configuration of measures describing A
1

, this dimension was 
considered to be one of "spatial-memory related oculomotor abnormality,,. The 
configuration, furthermore, was suggestive of oculomotor abnormality at lower 
target velocities comprising relatively higher-frequency, higher-amplitude sac
cades. Specifically, saccade-number and amplitude intercepts had appreciable 
po$,itive structure coefficients for this dimension (.79 and .70, respectively), and 
the slope for saccade number had a substantial negative structure coefficient 
(-.73). Paranoid schizophrenic subjects obtained the highest discriminant scores 
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for this dimension, normals the lowest, with the nonparanoid schizophrenic pa
tients and psychiatric controls having more intermediate values (Figure 2). 

We consider, now, the second discriminant dimensio~. The salient descriptor 
was manual motor lag at center. The discriminant scores of the nonparanoid 
schizophrenic subjects and depressed psychiatric patients located these groups at 
opposite extremes on this dimension~ the paranoid schizophrenic patients and 
nonpatient controls this time scoring in between. 

The depressed patients displayed the most'pronounced lag and the nonpara
noid schizophrenic patients, the least. The mean lag of the nonparanoid schizo
phrenic group was significantly less than that of each other group, p < 0.01. The 
reduced lag for. the nonparanoids was attributed not to superior tracking perfor
martce relative to others (including normal controls), but to elevated extrapyrami
dal symptoms as assessed by the AIMS, and the "tremor" and "akathisia" items 
of the modified Simpson-Angus scale, described above (Chouinard et al., 1980; 

· Simpson & Angus, 1970). The constellation of findings indicated that extrapyra
midal symptomatology was aligned with manual motor rather than oculomotor 
abnormalities, as registered on the current indices. This finding initially seems 

_ paradoxical. Most extrapyramidal disorders cause slowing of movement rather 
than acceleration, or else. involuntary jerking. The movement disorder here is one 
of activation or increase (tremor, restlessness). Indeed two of the subjects actually 
showed a negative lag, moving ahead of the stimulus (although their scores on the 
extrapyramidal measures were not the largest in the group) and the rest of the 
nonparanoid group also demonstrated decreased lag. Manneristic movements and 
spasmodic, even choreiform phenomena, have long been recognized as part of the 
motor findings in schizophrenia (Kraepelin, 1919). The tendency for abrupt, 
advanced or excessive response by the non-paranoid patients, in whom the above 
phenomena are more prominent is thus likely to be part of the inherent pattern of 
the illness. It is not readily attributable to medication since the amounts taken of 
neuroleptics and anti-Parkinsonian drug·s were intermediate in this group, between 
the paranoid schizophrenic group and the others. 

Certain other observations augment this interpretation. First, with respect to 
A

1
, the ordering of group centroids (Figure 2) did not accord with extrapyramidal 

symptoms means. Second, intragroup correlations of dependent variables with 
measures of extrapyramidal symptomatology, and with CPZ and benztropine 
dosage equivalencies, were nonsignificant throughout, p > .10 (procedures of 
Larzelere & Mulaik, 1977, for multiple tests of correlations applied group-wise). 
In the case .of saccade-number slope, for example, sample intragroup correlations 
with dosage equivalencies either were 0 (e.g., paranoids, benztropine) or positive 
(e.g., 0.53, nonparanoids, benztropine), a direction opposite to that expected if 
psychotropic medication: created the negative slope of schizophrenic subjects. The 
results from a multivariate analysis auxiliary to the present research questions 
(available from the first author) indicated that extrapyramidal symptomatology 
and manual motor lag define a unique dimension. These findings incidentally 
help, likewise, to discount the possibility that EMD overall is due to medication. 

Anticholinergics may disrupt certain aspects of memory (Frith, 1984; Spohn & 
Strauss, 1989). Correlations between benztropine dosage equivalencies and 
measures from the spatial memory task ranged from -0.2017 (paranoids, number 
named) to 0.4529 (nonparanoids, absolute displacement); but only the paranoid 
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subgroup was markedly different from controls on absolute displacement, with a 
negligible correlation between benztropine and djsplacement (r=0.0268). All 
values were nonsignificant (p > at least 0.10), even by unadjusted, liberal tests. 

The preceding represent correlational estimates of the effects of medication on 
obtained results. Such an approach constitutes the best, albeit fallible, precaution 
against incorrect attributions of the findings obtained, in the absence of other 
options (Neufeld & Broga, 1981 ). Strengths and weaknesses of this approach 
have been discussed at some length elsewhere (Neale & Oltmanns, 1980; Neufeld 
& Broga, 198 l). 

DISCUSSION 

Multivariate analysis of the selection of oculomotor-control and related 
measures indicated a bidimensional separation among the diagnostic groups. The 
first dimension reflected EMO, the structure of which was defined most saliently 
by the slope and intercept of the linear function relating saccade number to target 
velocity. The second dimension was specific to lag in manual motor tracking of a 
target, a motor measure from the separate subsystem of hand tracking (Mather & 
Putchat, 1984). The two subgroups of schizophrenic subjects had the higher 
values on the first dimension, with the paranoid subjects exceeding the nonpara
noid subj.ects. On the second dimension, the unipolar affective disorder patients 
had the highest values (the greatest manual-motor tracking lag) and the nonpara
noid schizophrenic patients the lowest values. The reduced lag on the part of the 
latter group was attributed to the effects of an abrupt extrapyramidal movement 
disorder rather than to the side effects of medication on manual motor movement. 

Measures of non-oculomotor behaviors associated with the first dimension 
included the number of items of the spatial memory ~ask correctly named during 
immediate recall, and the accuracy of item relocation (based on Smith & Milner, 
1981 ). The nature of this dimension can be considered further in the light of the 
properties of measures describing its structure, and with known cognitive-be
havioral abnormalities among paranoid schizophrenic subgroups. · 

The spatial memory task taps, among other functions, the encoding of present
ing stimulation into a format which facilitates rehearsal, and subsequent ·recall . 
Difficulties in encoding the properties of spatial and verbal stimuli to facilitate 
task performance have been prominent among schizophrenic patients in a number 
of past experiments involving choice reaction time and related tasks (e.g., George 
& Neufeld, 1984; Highgate-Maynard & Neufeld, 1986; Neufeld, 1977b). This 
deficit has been especially pronounced among paranoid schizophrenic subjects 
(Broga & Neufeld, 1981b; Neufeld, 1978; 1991), the subgroup scoring highest on 
the first discriminant dimension in the present study. Completion of a unit of 
encoding appears to entail a larger number of steps, or "subprocesses" of encod
ing (Townsend, 1984) among these subjects (Nefueld, Vollick, & Highgate-
Maynard, t993; Neufeld, 199Z). . 

Negative mean slopes of linear functions of saccade-number (Table 2) reflect 
the relatively greater frequency of saccades at lower target velocities and slightly 
lower frequencies at higher velocities among the schizophrenic subjects (Table 3). 
The pronounced higher frequencies at lower velocities in particular are compat
ible with a deficit in stimulus encoding, for the following reasons. Oculomotor 
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tracking has been shown to entail stimulus encoding with respect to spatial infor
mation surrounding the target velocity (Katsanis & Iacono, 1991; Kohler, van der 
Steen, Taminga et al., 1984; Khorana & Kowler, 1987). In turn, in the cognitive 
psychology literature, discontinuous eye movements (fixations) have been linked 
directly to the encoding of spatial and other stimulus features (Just & Carpenter, 
1976; 1987). Increased saccadic frequency would accord with reduced efficiency, 
as outlined above, in encoding tracking-facilitative spatial information. Such an 
effect should be more apparent at lower target velocities, before saccadic move
ments tend to dominate smooth oculomotor pursuits for all subjects (Collewijn & 
Tamminga, 1982). 

· Other functions involved in oculomotor tracking appeared to be intact among 
schizophrenic subjects. The mean velocity of smooth pursuit movements was 
similar among the present samples, regardless of target velocity (Mather, 1989). 
Increased saccade production, therefore, in the present instance, is not readily 
attributable to deficiencies in this subsystem of tracking. Subsidiary microanalysis 
of movement/target records indicated also that distance away form the target path 
upon saccade completion was similar among the groups of subjects; all differenc
es were small and nonsignificant (Mather, 1989). In this way, normal accuracy of 
the saccade subsystem was observed among the schizophrenic subjects (Colleiwjn 
& Tamminga, 1982). Finally, oculomotor reaction time in the looking task, .one 

. considerably less laden with ongoing information-processing demands, was in
tact, similar to findings of Iacono, Tuason and Johnson (1981) and Mather and 
Putchat (1983). 

Recently, a Mendelian dominant-gene mechanism has been advanced as a 
possible source of the joint heritability of schizophrenia and EMD (Holzman et 
al., 1988; Matthyse et al.~ 1986; cf., Nicholson & Neufeld, 1993). Meehl (1962; 
1989) was the first to suggest such a mechanism for the genetic transmission of 
schizophrenia. The current version of this account postulates that an autosomal 
dominant gene has a high, though imperfect, likelihood of endowing a bearer with 
a given latent trait; the latent trait, in tum, tends to evince schizophrenic sympto
matology and EMD. Furthermore, in the absence of the allele coding for the latent 
trait, the probability of the latter's occurrence is small, though not 0. Previous 
tests of the mathematical model expressing the Mendelian mechanism of trans
mission have supported the model's reliability, and to some extent, validity across 
demographically divergent samples (Holzman et al., 1988; Matthyse et al., 1986; 
however, cf. discussion by Clementz & Sweeney, 1990, p. 86). Note that manifes
tation of a putative latent trait technically is not restricted to EMD per se; other 
variables are eligible, although EMD has been of obvious value in the develop
ment and testing of models. In the present instance, EMD has pointed to other 
variables by implicating correlated cognitive/perceptual processes. This liaison 
permits such processes, then, potentially to bear on the genetic transmission 
model, and vice versa. The latent trait can express itself in the form of cogni
tive/perceptual deficits, especially as the latter mediate EMD. Resulting refine
ments of the gene-transmission model include the addition of parameters compris
ing conditional probabilities of (a) selected cognitive deficits (e.g., stimulus
encoding retardation), given the latent trait (and, secondly, given its absence), as 
well as (b) EMD, given the cognitive deficit (and its absence). Testing of an 
expanded model incorporating the above parameters requires measures of target 

16 



EYE MOVEMENT DYSFUNCTION DISTINGUISHING SCHIZOPHRENIA 

deficits and EMD to be obtained among families of schizophrenic probands. An 
expanded set of measures obtained from such a sample currently is being ana
lyzed by Cromwell and co-workers (personal communication, 1989). In a previ
ous study, Mather (1985) observed increased saccade production among children 
of schizophrenic probands. Similarly, Clementz, Sweeny, Hirt and Haas (1990) 
recently have reported elevated frequency of intrusive saccades among relatives 
of schizophrenic patients, especially those relatives with "schizophrenia spectrum 
disorder,,. However, the present cognitive-perceptual measures did not accompa
ny eye-tracking·measures in those studies. 

A final word is in order concerning the stability of the multivariate pattern of 
results. As stated earlier, magnitude of obtained "eigenvalues,, must be consid
ered in conjunction with sample size (Guadagnoli & Velicer, 1988). In the case of 
multiple discriminant function analysis, this combination affects directly the level 
of statistical significance of the discriminant dimensions. The probability of 
obtained or greater group separation on the first discriminant dimension, given the 
null hypothesis, was less than 0.00009; that for the second dimension was approx
imately 0.0175. Collectively, the probability value associated with the obtained 
pattern of group separation was less than 0.00009. Clearly, the requirements for 
stability, according to these criteria, were met (see also Davies, 1970). 
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ABSTRACT 

Parents in families of abused children were given the Family Adaptability and 
Cohesion Scales (FACES II). They completed the questionnaire under two sets 
of instructions: how their family currently functioned and how they would like it 
to function in the future. Factor analyses showed (a) that five factors seemed 
stable in structure for both sets of instructions; (b) Olson's concepts of Adaptabili
ty and Cohesion were useful in this 'atypical' sample; (c) others using 'atypical' 
samples might profit by checking the factor structure when using the FACES II; 
and (d) five scales instead of two should be used in subsequent analyses of family 
dynamics. Tentative titles for the new scales are suggested based on Olson's 
original titles. 

INTRODUCTION 

In a recent study on child abuse we had need of an instrument that would 
allow us to detect changes in family dynamics and interactions as a result of 
intensive in-home therapy with some of the families. Since the type of in:-home 
therapy that we used involved specific attempts to improve communication skills 
among family members (Wood, Barton & Schroeder, 1988), we sought a measur
ing instrument that would specifically register such improvements, should they 
occur. The end product of our search was the Family Adaptability and Cohesion 
Scales (FACES) by Olson, Portner and Bell ( 1982). In addition to reasonable 
reliability and validity data being available for these scales, Olson et al have 
developed a widely used theoretical model: the Circumplex model of marital and 
family systems (e.g., Olson, Russell & Sprenkle, 1979; Olson, Sprenkle & Rus
sell, 1979; Russell, 1979; and Sprenkle and Olson, 1978). Thus our choice was 
based on the excellence of the theoretical and psychometric properties of the 
instrument. 1 

Many recent studies have used the FACES II in a wide variety of clinical 
settings. The success of the measures in these widely different situations, given 
that our sample was unusual too, provided yet another reason for our choice of 
survey instrument. For example,Magill and Hurlbut (1986) used the FACES II 
to demonstrate self esteem differences in people with cerebral palsy. Friedman 
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( 1989) showed that families of adolescent drug users tended to score on the 
eJ.Ctremes of the FACES scales and Geber & Resnick (1988) found differences in 
family functioning for adolescents who were placed for. adoption. The FACES 
scales have been used with families of retarded children (and PKU) (Kazak, 
1987), Mexican American and Anglo family comparisons (Vega, 1986), negative 
life events (Walker & Greene, 1987)), stepfamilies (Pink & Wampler, 1985) 
perception of families from an adolescent versus parent point of view (Noller & 
Callan, 1986), and family perceptions of students in intact, single, and blended 
families (Kennedy, 1985). 

In spite of the many positive aspects of the FACES scales, two issues were 
matters of concern. First, previous attempts (Green, Kolevzon & Vosler, 1985) to 
relate the Circumplex model data to that of other 'family systems' models (e.g., 
the Beavers -Timberlawn model of family competence) had ended in failure. 
Second, the factor analyses reported in the manual were based on a mainly 
Lutheran, Caucasian sample. In short, we were unsure whether the factor struc
ture ro·und using Olson's sample would apply to our 'atypical' families with 
abused children. Hence major objectives of this study were to factor analyze the 
FACES II data and to compare the structure to that found by Olson et al (1982). 
In our analyses the second administration of the questions, under a new set of 
instructions ('how would you like your family to be?') was considered to provide 
a check on the structure obtained under the primary fostructions (i.e., how is your 
family now?). 

PROCEDURE . 

The families 

All families in the study came from one of three counties in Northern Califor
nia. Two of the counties were much more rural than the third. All families had a 
member who had been convicted of soine kind of child abuse, and all were of
fered participation in the study (involving one kind of help for another) as an 
alternative to out-of-home placement for their abused child. Of 151 returns of the 
FACES II questionnaires, 127 were fully completed and were used in the data 
analyses. 

METHOD 

The parents were asked to fill out the FACES II questionnaire under two sets 
of instructions. The first time they answered the question, they were asked to 
describe their family 'as it is at the present time.' The second set of instructions 
asked 'how you would like your family to be in the future.' The instructional sets 
were· always given in this ·same order, but depending on the schedule of the thera
pist and families, the time interval between the two sessions varied. 

The factor analyses 

The oblique factor analysis in the SPSS statistical computer package was used. 
This was preferred to the more common Varimax orthogonal solution since there 
are at least theoretical reasons for expecting correlated factors. Both the Scree 
test and the Kaiser-Guttman unity rule indicated the extraction of six factors for 
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both factor analyses. The oblique factor rotation resulted in acceptable simple 
structure (as can be seen in Tables 1 and 3). 

RESULTS 

Separate factor analyses were performed for each of the instructional sets. 
Results for the instructions 'how is your family at the present time?' can be found 
in Tables 1 and 2 and results for the instructions 'how would you like your family 
to be in the futU:re' are found in Tables 3 and 4. 

A striking finding was that instead of observing a different structure under the 
two instructional sets, a very similar structure was noted. Indeed, five out of the 
six factors seem to be very similar in meaning over the two analyses. Of course 
this similarity in structure does not mean that the parents evaluated the present 
family situation as being similar to their wishes for the future, but rather that they 
found a similar set of dimensions (factors) to best describe the important family 
issues on both occasions. What are these issues? In Tables 2 and 4 an attempt to 
answer this question is made by assigning tentative names to the factors. At first 
the Olson et al procedure of considering the items as measuring 'adaptability' or 
'cohesion' was used to try to label the·factors. This proved useful in the case of 
the first two factors as the seven highest loading items on factor 1 were all 'cohe
sion' items and the three highest loadings on factor 2 were all 'adaptability' 
items. For the rest of the factors this system was not productive as all proved to 
be a mixture of 'cohesion' and 'adaptability' items. An alternative approach was 
found to be useful. The fourteen sub-scales of Olson's own factor analysis (of the 
30 item FACES II scale) were matched with our own data. Of the eight 'family 
cohesion' sub-scales, six matched 100%. Of the family 'adaptability' sub-scales 
three out of six matched 100%. The sub-scales consist of only two or three items 
but the degree of matching that we found provides cross-validation evidence for 
many of Olson's concepts, as well as helping to detive sensible labels for the 
factors derived from our child abusing sample. In summary, the matching of 
Olson factors with our own resulted in a pattern which typically showed several 
of his sub-scales loading on one of our factors. _For example, on factor 1 ( our 
'Togetherness' factor), all items on Olson's family 'boundaries,' 'coalition' and 
'time' sub-scales loaded significantly. As a whole these items involved spending 
time together as a family, coalitions being formed among family members and an 
extension of family boundaries to included each other's friends. The · sub-scale 
labels were thus instrumental in determining the final label for the factor: 'To
getherness.' We are well aware of the danger of describing a complex factor by a 
short label but feel that the following is a reasonable job of describing the factors 
resulting from the current analyses. 

Factor 1, 'Togetherness:' These items illustrate a high degree of family inter
action as described above. All the highest loading items on this factor are ones 
that Olson et al considered to measure aspects of family 'cohesion.' Factor 2, 
'Child Input:' This factor seems to reflect a part of what Olson et al consider 
family 'adaptability.' The h'ighest loading items reflect the issue of children 
having some say in their own discipline and in following children's suggestions in 
solving family problems. A low score on this factor would probably reflect a 
family in which a high degree of child obedience is expected. Factor 3 we titled 
'Family Chaos Versus Unity,' since a high score on this factor would indicate a 
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. TABLE 1 
Factor Pattern Matrix for FACES II (N = 127) 

INSTRUCTIONS: 'HOW IS YOUR FAMILY AT THE PRESENT TIME?' 

FACTOR FACTOR FACTOR FACTOR FACTOR · FACTOR 
ITEM# 1 2 3 4 5 6 

1 0.34 0.02 -0.41 * -0.20 0.15 0.06 

2 0.15 0.23 -0.20 0.06 0.37 -0.45* 

3 -0.37 0.11 -0.18 0.58* -0.08 -0.07 

4 0.14 -0.05 -0.17 -0.41 * 0.31 -0.05 

5 0.74* 0.04 0.22 -0.05 0.00 -0.16 

6 0.11 0.80* 0.21 0.07 0.11 -0.02 

7 0.64* 0.31 -0.28 0.10 0.11 0.04 

8 0.31 · 0.19 -0.39* -0.36* 0.13 0.09 

9 -0.71 * 0.10 0.21 0.04 0.22 -0.12 

10 -0.29 0.25 -0.07 -0.61 * -0.13 -0.04 

11 0.22 -0.05 -0.14 -0.15 0.32* -0.31 * 

12 0.06 0.10 0.73* 0.01 0.00 0.01 

13 0.05 -0.28 0.04 -0.45* 0.13 -0.42 

14 0.06 0.10 0.24 -0.07 0.07 -0.77* 

15 -0.09 0.07 0.64* -0.07 0.13 0.16 

16 -0.08· 0.78* 0:18 -0.12 0.06 -0.08 

17 0.27 0.03 -0.39* -0.22 -0.03 -0.30 

18 0.25 -0.03 -0.15 -0.41 * 0.10 -0.01 

19 -0.52* 0.01 0.18 0.18 -0.05 0.16 

20 . -0.03 0.48 -0.34 -0.13 -0.35 -0.01 

21 0.09 -0.16 -0.62* -0.22 -0.10 0.18 

22 0.18 0.03 -0.26 -0.44* 0.01 0.04 

23 0.44* -0.06 -0.29 -0.07 0.10 -0.25 

24 -0.18 0.06 0.12 0.12 0.73* 0.15 

25 · -0.15 •, 0.16 0.29 0.13 0.34 0.44* 

26 -0.02 -0.00 0.09 -0.78* -0.16 -0.12 

27 -0.17 0.04 -0.45* -0.05 0.39 -0.40 

28 -0.02 -0.06 0.07 -0.02 0.23 0.76* 

29 -0.72* 0.06 -0.08 0.02 0.09 0.10 

30 0.25 0.31 -0.38* 0.01 -0.13 -0.20 

* Salient loadings ('markers' for factors) 
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TABLE2 
Factor loadings obtained when parents told to answer question: . 

'How your family i~ at the present time.' 

Factor 1 

Item# Togetherness 

5. Our family gathers together in the same room 
7. Our family does things together 
9. In our family everyone goes his/her own way 

19. Family members feel closer to people outside the family than 
to other family members 

23. Family members like to spend their free time with each other 
29. Family members pair up rather than do things as a total family 

3. It is easier to discuss problems with people outside the family 
than with other family members 

Factor 
Loadings 

0.74* 
0.64* 

-0.71 * 

-0.52 
0.44* 

-0.72 

-0.37* 
1. Family members are supportive of each other during difficult times 
8. Family members discuss problems and feel good about the solutions 

0.34 
0.31* 

Factor 2 

Item# Child Input 

6. Children have a say in their discipline 
16. In solving problems the children's suggestions are followed 
20. Our family tries new ways of dealing with problems 

7. Our family does things together . 
30. Family members share interests and hobbies with each other 

Factor 3 

Item# Family Chaos vs. Unity 

12. It is hard to know what the rules are in our family 
15. We have difficulty in thinking of things to do as a family 
21. Family members go along with what the family decides to do 

1. Family members are supportive of each other during difficult times 
8. Family members discuss problems and feel good about solutions 

17. Family members feel very close to each other 
27. We approve of each other's friends 
30. Family members share interests and hobbies with each other 
20. Our family tries new ways of dealing with problems 
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Factor 
Loadings 

0.80* 
0.78* 
0.48* 
0.31 
0.31 

Factor 
Loadings 

-0.73* 
-0.64* 
0.62* 
0.42 
0.39 
0.39 
0.45 
0.38 
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Factor 4 

Item# Shared Responsibilities and Opinions 

3. It is easier to discuss problems with people outside the family 
than with other family members 

10. We shift household responsibilities from person to person 
26. When problems arise we compromise 

4. Each family meniber has input in major family decisions 
8. Family members discuss problems and feel good about solutions 

13. Family members consult other family members on their decisions 
18. Discipline is fair in our family 
22. In our family everyone shares responsibilities 

Factor 5 

Item # Difficulty in Rule Changing 

24. It is difficult to get a rule changed 
2. In our family it is easy for everyone to express his/her opinion 

20. Our family does not try new ways of dealing with problems 
27. We approve of each other's friends 

4. Each family member has input in major family decisions 
11. Family members know each other's close friends 
25. Family members avoid each other at home 

Factor 6 

Item # Assertiveness 

14. Family members say what they want 
28. Family members are afraid to say what is on their minds 

2. In our family it is easy for everyone to express his/her opinion 
13. Family members consult other family members in their decisions 
25. Family members do avoid each other at home 
27. We approve of each other's friends 
11. Family members know each other's close friends 
17. Family members ~eel very close to each other 

Factor 
Loadings 

-0.58 
0.61* 
0.78 
0.41 
0.36* 
0.45 
0.41 
0.44* 

Factor 
Loadings 

0.73 
0.37 

-0.35 
0.39 
0.31 
0.32 
0.34 

Factor 
Loadings 

-0.77* 
0.76* 

-0.45 
-0.42 
0.44* 

-0.40* 
-0.31 * 
-0.30 

*Indicates overlapping items that define factors found in factor analysis in Table 4. 
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TABLE3 
Factor Pattern Matrix for FACES II (N = 123) 

INSTRUCTIONS: 'HOW WOULD YOU LIKE YOUR FAMILY TO BE IN THE FUTURE' 

FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR 
ITEM# 1 2 3 4 5 6 

1 0.57* -0.12 0.21 -0.03 0.10 0.04 

2 0.74* 0.01 0.05 -0.08 0.00 0.17 

3 0.12 0.11 -0.31 -0.03 0.16 -0.37* 

4 0.06 0.01 0.19 -0.21 0.41* -0.13 

5 -0.06 0.22 0.74* -0.08 0.02 -0.02 

6 -0.14 0.02 -0.06 -0.90* -0.07 -0.01 

7 0.05 -0.17 . 0.75* 0.03 -0.10 -0.03 

8 0.30 -0.11 0.50* 0.06 -0.12 0.27 

9 0.43* 0.29 -0.39 -0.16 -0.22 0.03 

10 0.50* -0.03 -0.04 -0.03 -0.01 -0.15 

11 0.04 -0.19 -0.16 -0.25 0.32 0.62* 

12 -0.17 0.82* 0.04 -0.03 0.11 0.07 

13 0.29 -0.31 -0.04 -0.40* 0.06 0.06 

14 0.30 0.17 0.13 -0.12 0.54* -0.13 

15 -0.44 0.65* 0.12 -0.15 -0.20 0.14 

16 0.17 0.13 0.08 -0.73* -0.04 0.17 

17 0.41* -0.04 0.34 0.05 0.14 0.13 

18 0.12 0.18 -0.11 0.07 0.72* 0.27 

19 0.26 0.52* 0.06 -0.15 0.08 -0.35 . 

20 0.01 -0.13 0.45* -0.33 0.08 ~0.13 

21 0.00 -0.56* -0.05 -0.26 0.10 0.32 

22 0.47* -0.11 0.16 -0.01 -0.03 0.29 

23 0.07 0.07 0.70* 0.10 0.20 -0.06 

24 0.04 0.35* -0.11 0.04 0.01 -0.01 

25 0.21 0.29 -0.11 0.17 -0.40* 0.11 

26 0.05 -0.13 0.40* -0.26 0.03 0.01 

27 0.16 0.18 0.08 -0.07 0.21 0.75* 

28 0.08 0.36 -0.04 0.08 -0.41 * -0.06 

29 0.14 0.14 -0.08 -0.26 -0.63* · -0.14 

30 0.04 0.09 0.59* -0.02 0.04 0.11 

* Salient loadings ('markers' for factors) 
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TABLE4 
Factor loadings obtained when parents told to an·swer question 

'how you would like your _family to be in the future' 

Factor 1 

Item# Shared Responsibilities and Opinions 

1. -Family members are supportive of each other during difficult times 
2. In our family it is easy for everyone to express his/her opinion 

10. We shift household responsibilities from person to person 
- 9. In our family everyone goes his/her own way 
15. We have difficulty in thinking of things to do as a family 
17. Family members feel very close to each other 
22. · In our family everyone shares responsibilities 

8. Family members disC!-,lSS problems and feel good about solutions 
14. Family members say what they want 

Factor 2 

Item# Family Chaos vs. Unity 

12. It is hard to know what the rules are in our family 
15. We have difficulty in thinking of things to do as a family 
19. Family members feel close to people outside the family than to 

other family members 
21. Family members go along with what family members decide to do 
24. It is difficult to get a rule changed in our family 
28. Family members are afraid to say what is on their minds 
13. Family members consult other family members on their decisions 

Factor 3 

Item# Togetherness 

5. Our family gathers together in the same room 
7. Our family does things together 
8. Family members discover problems and feel good about solutions 

23. Family members like to spend their free time together 
30. Family members share interests and hobbies with each other 

9. In our family everyone goes his/her own way 
20. Our family tries new ways of dealing with problems 
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Factor 
Loadings 

0.57 
0.74 
0.50* 
0.43 

-0.44 
0.41 
0.47* 
0.30* 
0.30 

Factor 
Loadings 

0.82* 
0.65* 

0.52 
-0.56* 
0.35 
0.36 

-0.31 

Factor 
Loadings 

0.74* 
0.75* 
0.50* 
0.70* 
0.59 

-0.39* 
0.45 
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Factor 3 (continued) 

26. When problems arise we compromise 
3. It is easier to discuss problems with people outside the family 

than with other family members 
17. Family members feel very close to each other 

Factor 4 

Item# Child Input 

6. Children have a say in their discipline 
16. In solving problems childrens suggestions are followed 
13. Family members consult other family members on decisions 
20. Our family tries new ways of dealing with problems 

Factor 5 

Item# Assertiveness 

14. Family members say what they want 
18. Discipline is fair in our family 
29. Family members pair up rather than do things as a total family 

4. Each family members has input in major family cfecisions 
25. Family members avoid each other at home 
28. Family members are afraid to say what is on their minds 
11. Family members know each other's close friep.ds 

Factor 6 

Item# Close Friends 

11. Family members know each other's close friends 
27. We approve of each other's friends 

3. It is easier to discuss problems with people outside the family 
than with other family members 

19. Family members feel cl9ser to people outside the family than 
to other family members 

21. Family members go along with what the family decides to do 

0.40 

-0.31 * 
0.34 

Factor 
Loadings 

0.90* 
0.73* 
0.40 

-0.33* 

· Factor 
Loadings 

0.54* 
0.72 

-0.63 
-0.41 
-0.40* 
-0.41 * 
0.32 

Factor 
Loadings 

0.62* 
0.75* 

-0.37 

· -0.35 
0.32 

* Indicates overlapping items that define factors found in factor analysis in Table 2. 
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difficulty in knowing what roles operate in the family, a tendency to not know 
what to do as a family group and members who take no notice of what the rest do. 
All the items that Olson considered as having to do with interests, recreation and 
negotiation loaded significantly on this factor and contribute to its 'Chaos vs. 
Unity' nature. 

Factor 4 was difficult to label but the term 'Shared Responsibilities and 
Opinions' was settled on since both items conctrning sharing responsibilities 
were found to foad this factor in both analyses, as was the item dealing with 
family discussions and feeling good about solutions. Other items loading on this 
factor referred to the importance of input into family decisions. 

Factor 5 seemed to be defined mainly by the single item concerning difficulty 
in getting family rules changed. This factor did not appear in the second factor 
analysis and may not be of much importance. 

Factor 6 was named 'Assertiveness' because all Olson's items from his 'asser
tiveness' sub-scale loaded this dimension. 

The fact that five of the six factors are replicated in structure in the second 
factor analysis provides some evidence that these dimensions emerge regardless 
of the type of instructional set within our sample of abusing families. 

CONCLUSIONS 

_From the above analyses it is concluded that: 

1. At least with the current child abusing sample, four or possibly five 
dimensions are needed to best describe relevant family dynamic variables. 

2. These four or five factors show stability in structure over the two factor 
analyses. It should be noted that the stability referred to here is with respect to 
two solutions using data from the same subjects or two different occasions with 
different instructional sets. · 

3. Olson's concepts of 'adaptability' and 'cohesion' are still useful. Factor 1 
in our analyses involved 100% 'cohesion' items, and Factor 2 involved 100% 
'adaptability' items. 

4. When 'atypical' samples are used, it is desirable to conduct factor analyses 
based on those data to test any differences in structure. 

5. Subsequent analyses exploring possible changes in family dynamics, as a 
function of therapy given, should involve five scales rather than Olson's two. 
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Footnote 

1. The FACES has evolved through three versions: I, II and III. The major chang
es were made going from I to II. We used version II since we had collected a 
year's data before learning of the third version, and we decided to keep with 
version II for the rest of our study since (a) we would then be able to make con
sistent within study comparisons, and (b) because the major difference between II 
and ill lay in the instructions given for the second administration which was not a 
fo~al point in our objectives. 
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MEASURING ANGER OR 
AN AMORPHOUS CONSTRUCT? 

Ri~hard Alumbaugh1 

Central Washington University 

ABSTRACT 

Construct validity of anger or anger-related measures is essential to research 
on links of anger to illness or to treatment effectiveness of anger management · 
techniques. The purpose of the paper is to examine construct validity of anger 
measures considering theoretical issues and applications of factor-analytic meth
ods. I have concluded that test developers have used improper strategies to 
demonstrate construct validity. Recommendations are offered to improve con
struct validity studies including proper application of factor-analytic methods. 

MEASURING ANGER OR AN AMORPHOUS CONSTRUCT? 

Currently, a wide array of anger measures is available to researchers and 
health-practioners. The need for measures of anger .has been atJgmented by the 
growing use of anger management techniques and the increased interest in the 
relationship of anger to human aggression. In addition, health researchers have 
isolated anger as an important component in the relationship of Type A personali
ty to coronary heart disease (Booth-Kewley, & Friedman, 1987). 

The variety of anger and anger-related measures2 makes one wonder which 
measures accurately assess anger? Equally important, what constructs other than . 
anger are being assessed by so-called anger measures? I will address these con
struct validity questions on anger by focusing on the use of theory in the devel
opment of anger measures and the application of factor analytic procedures that 
ostensibly assess construct validity of anger measures. A review of each anger 
measure included in this review is beyond the scope of my paper. 

In a review of the anger-measurement literature, I found few construct validity 
studies other than validity studies included in the original development of the 
anger measures (e.g., Novaco, 1975; & Zelin, Adler, & Myerson, 1972). I attrib
ute the lack of construct validity studies to practical constraints imposed by 
access to populations and some developers' view that validity research is best left 
for graduate students or associates. Researchers and clinicians have finite funds 
and limited availability of clients or subjects. Such limitations result in more 
cross-sectional than longitudinal studies. As I found in this review, most construct 
validity studies were restricted to very select populations with few longitudinal 
studies. 
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Still more discouraging, the few validity studies designed to assess construct 
validity of anger measures leave considerable doubt about the distinction of anger 
from other personality measures. Modest, but significant non-zero correlations 
ranging from .25 to .35 are not that unusual between personality measures, e.g., 
comparisons of anger with hostility (Smith and Frohm, 1985) or ang~r with anxie
ty (Spielberger, Jacobs, Russell, & Crane, 1983; Collins & Hailey, 1989). Such 
measurement ambiguity of anger, in my judgment, has resulted in confusing 
reviews of the.literature on anger especially reviews on the link of anger/hostility 
to coronary heart disease3

• Much of the ambiguity about anger measures, or what 
I term "construct amorphism," can be traced to the strategies of developing 
anger measures. 

ANGER THEORY AND MEASUREMENT 

I will argue that the inappropriate and superficial use of anger or anger-related 
theory has contributed to construct amorphism. Generally, test developers have 
given more attention to theory after the anger instrument has been constructed 
rather than a priori consideration. For example, Mauger and Adkinson ( 1980), 
authors of the Interpersonal Behavior Scale (IBS), distinguish between aggressive 
and assertive behaviors on dubious theoretical grounds. In their manual (1980), 
anger subscales were included as a component of a total aggressive measure. The 
link of aggression to anger has been questioned by many (e.g., Averill, 1982). 

Mauger and Adkinson' s embrace of empirical methodologies typify method
ologies used by other developers of anger measures examined in this review. 
Empirical methods such as used on the IBS do not really require extensive theory 
in the initial stages of test development. Typically, test developers match items to 
groups (e.g., Cook & Medley, 1954) or items to factors (e.g., Buss & Durkee, 
1957) and then theor~tically interpret the resulting scales. 

Theory plays virtually no role in the actual wording of test items in the initial 
developmental stages of empirically-derived scales. Sources for the wording of 
the items on such anger measures are based on modified clinical statements of 
clients/subjects and occasionally on anger experiences of the test-developers. 
Occasionally, test items are selected from other tests - items that the test devel
oper intuitively or empirically decides are good measures of anger. 

Test developers are attracted to clinical-intuitive-actuarial methods of test 
construction for several reasons. Emerging scales are empirical, and therefore 
mistakenly assumed to be less risky to defend as measures of anger ( e.g., Cook & 
Medley, 1954 ). If anger measures are combined with other measures, developers 
can c9nfidently develop ~oup profile descriptions based on observed group pro
file differences. And there may be another attraction - the study of anger is 
based on empirically-generated verbal expressions that are used to construct test 
items. These verbal expressions are based on a familiar folk-wisdom about anger 
that supposedly facilitates interpretation and application of the measure. 

None of us are very good at explaining our anger to others especially while we 
are angry. Our attributions about anger, even test-developers', are likely to be 
based on everyday language and everyday understandings of anger experience. 
The link of anger experiences to theory is tenuous because everyday experiences 
are tied to a phenomenological language that may be unique to cultural experi-
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ences of the individual. Phenomenological language is not necessarily formal or 
rational - it is descriptive. 

Such a conclusion concerning phenomenological language has not deterred 
researchers such as Averill (1982) from asking subjects directly to describe their 
experiences of anger after the fact using their own terminology. There are limita
tions to such methodological approaches as pointed out recently by Widom 
(1989) and discussed earlier by Averill (1982). Retrospective accounts to describe 
anger such as found in cases of child abuse and battering varies considerably 
between angered individuals and their victims. So why have empirical approaches 
been so dominant to deductive methods based on theory in the development of 
anger measures? 

Part of the reason may be the lack of testable theories restricted to the study of 
anger. Most theories of anger have in the past been associated with general theo
ries of emotion (Thompson, 1988). For example, Leventhal' s (1984) perceptual
motor theory of emotion outlines the relationships between cognitive and physio
logical processes. However, Leventhal's theory specifies that the differentiation 
of emotions is determined by the interaction of innate physiological processes and 
cognitive scripts. A specific test of anger using the perceptual-motor theory would 
be complex and difficult to validate. 

What has emerged? I will contend, the array of instruments reviewed cluster 
around "anger-states/traits" that can be best understood by atheoretical-folk
language. These measures can be described as theoretically ambiguous resulting 
in measures that are ontologically mixed4 in meaning and assumptions. The items 
that typically represent anger measures refer to antecedents and consequences of 
common anger-incidents along with the attributions made about such incidents. 

There are other complexities with theoretical accounts of anger. Anger can be 
conceptualized as a unitary (Spielberger et al., 1983, 1985; Novaco, 1975, 1992) 
or multidimensional construct (Siegel, 1986). If anger is unitary or subscales are 
summed for a single measure, is validity improved? Novaco (1992) reports total 
anger scores from his scale correlating with other unitary anger measures such as 
the Buss-Durkee and Cook-Medley at respectab~y high levels (.82 and .68 respec
tively). 

· However, such results only confirm what researchers such as Averill (1982) 
have asserted. Namely, anger is governed by social rules. Observers including 
staff and patients in the Novaco study (1992) were generally in agreement. High 
correlations between instruments or respectable correlations between observers 
and instruments simply indicate the obvious - some patients are upset and most 
label their upset as anger. Is their upset due to anger? 

Such a question illustrates yet another complexity to analysis of anger, the 
murky distinction between anger and other emotions involving negative affect, 
e.g., depression. Berkowitz (1990) has argued that negative affect is the source of 
anger and angry aggre~sion. Berkowitz has questioned the distinctions between 
affective states of irritation, anger, and annoyance. Indeed, there is quite a debate 
whether anger differs from other emotions5

• 

Test developers need to resolve these types of construct complexities before, 
.t;iot after, the development of a particular anger measure. Theory and concomitant 
measurement strategies should be the starting point of anger measurement devel
opment. For example, a compelling test of theory is to examine the discriminative 
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properties of a derived anger measure from other measures of negative affect, 
e.g., tests of depression6

, anxiety, and dysphoria. Factor analytic procedures are 
obvious approaches to answer these types of questions; however as shown in the 
following discussion, the results of factor analytic studies have not clarified the 
dimensional properties of anger. 

CONSTRUCT-VALIDITY AND FACTOR ANALYSIS 

Exploratory factor analysis is commonly used to make both qualitative and 
· quantitative distinctions between anger measures and other measures. The pur
pose is to summarize relationships between measures by identifying the existence 
of factors that correlate with some measures and not others. In the development of 
anger measures, such procedures are a heuristic to assess the associative strength 
of items or scales to a factor thought to measure the construct, anger. If the de
rived "anger" factor is independent from other factors, the correlation of the 
measures of anger will maximally load on the anger factor and minimally on the 
other factors. · 

Test developers of anger measures typically use factor analysis in the intro
ductory phases of test construction to sort items or scales linked to anger. Their 
logic is correct; anger measures should correlate with each other and any factor 
identified as measuring anger. Their use of factor analytic procedures, however, is 
flawed. How, so? 

Typically, test developers use factor analysis procedures in two ways, empiri
cal and second-order factor strategies. With the empirical strategy, items are 
generated that intuitively are judged by the developer to measure anger. These 
items are treated as variables and entered into a factor analysis. Generally the type 
of factor analysis, while not always specified, is a principal components analysis. 
The resultant components, or factors if common factor analysis is used, are then 
inspected for simple structure. If the factors 7 are ambiguously defined as deter
mined by the pattern of variable communalities, the factors may be rotated to 
achieve simple structure. Once factors have been rotated to some criterion(a), the 
developer decides the number of factors to be included in the analysis. Most 
developers use either the proportion of explained variance attributed to each 
factor (eigenvalue) or a scree test to limit the number of interpretable factors. To 
select items for the final measure of anger, items with communalities typically 
greater than .40 are selected from the factor that is identified as measuring anger. 

The second use of factor analysis involves the factoring of previously defined 
scales (second order factor analysis). Here, test developers are interested in 
whether related, or in some cases unrelated, measures of ·anger cluster in predict
able patterns on factors. 

Such a procedure was used by Mauger and Adkinson ( 1980) in the develop
ment of the ms (previously discussed). Their purpose was to show how each of 
their previously defined subscales was linked to assertion and aggression. After 
rotating factors using Varimax, the authors report one study identifying two fac
tors and another study- three factors. The authors were satisfied that their 
subscales discriminated assertion from aggression although the study finding 
three factors suggested the presence of another source of variance. 
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I find these two types of factor analyses, item-variable and test-variable strate
gies, flawed for reasons that center on variable-input and improper theory testing. 
The first application, defining anger scales based on item-variable analysis, fails 
on at least three counts. First, authors report no measure of item reliability, per se. 
Inter-item consistency measures are not a satisfactory index of reliability for a 
given item. Test-retest methods would provide a better estimate of item-stability. 
Better still, item-variables should be collapsed into single measures where possi
ble to more readily examine the reliability of multi-item subscales. Low reliabili
ties of component items of a factor-scale potentially introduce error variance in 
the final factor solution. Error variance clouds interpretation of any given factor 
and reduces chances of replicating the findings with other samples or populations. 

Secondly, I could find no instance where test developers had considered the 
weighting of each test-item in their analysis8

• While authors may assume each 
item-variable entering the initial correlation matrix is weighted equally in the 
measure of anger, there are compelling reasons that the equality assumption is 
untenable. Items may vary other than on the hypothesized dimension of anger; 
item-characteristics such as difficulty level, social-desirability, and response
acquiescence may all divert from the equality assumption on item-weights. 
Unless these sources of variance are partialled out before the factor analysis, there 
is no way to judge the adequacy of a multivariate linear model to describe any 
anger measure in question. And, there is no way to judge which latent variable is 
operating to define a factor, e.g., item-difficulty or anger, and so on. Again, inter
pretation of factors is highly tenuous if these item-characteristics are operating. 

The third consideration of item-factor analysis is the failure of developers to 
compare empirically established measures of anger (marker variables) with the 
items entering the initial analysis. Without marker variables, test-consumers 
cannot decide how inclusive a given anger measure is with respect to sampling 
domain of anger measures. Using another anger test as a marker variable is risky 
given the potential disparity in reliabilities of item-variables compared to scale
variables. In this case the greater number of measures included to define the 
scale-variable would result in an expected higher reliability. 

Criticisms of the use of scale-variable factor analytic procedures, or second
order analyses, center on theoretical considerations. Generally, authors conduct
ing second-order analyses have not selected the best factor-analytic strategies to 
answer the questions they pose (e.g., Hoshmand & Austin, 1987). Most authors 
have limited their selection to exploratory factor procedures that are not well 
suited to confirm the existence of constructs. While there are reasons to use 
exploratory analysis to establish a hierarchy of relationships between related 
measures (Gorsuch; 1977, J 983), exploratory methods do not include any statisti
cal tests to validate derived hierarchical findings. 

Again, the absence of testable theory is directly linked to choice of factor 
analytic procedures. L~cking testable models of anger, test developers start with 
an exploratory strategy but fail to finish the task. As Mulaik (1972) observed a 
few years ago, -

... rather than use scientific intuition and what is already known about 
the properties of variables under study to construct theories about the 
nature of relationships among the variables and formulating these 
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theories as factor-analytic models to be tested against empirical data, 
many researchers have randomly picked variables representing a 

· domain to be studied, intercorrelated the variables~ and then factor
analyzed them in the expectation that the theoretically important varia
bles_ in the domain would be revealed by the analysis (p. xii). _ 

Testable theory can be generated. Combining results of exploratory analyses with 
theories and findings in the literature can offer the developer the ingredients for a 
testable theory. To complete their task, the developer needs to take one other step 

_ - the use of confirmatory methodologies. 
Confirmatory methods including confirmatory factor analysis are designed to 

test hypotheses that a specific subset of variables defines a specific factor. Con
firmatory factor analysis differs from exploratory methods primarily in the use of 
inferential tests - typically chi-square. In addition, there are no rotational 
methods used in confirmatory analysis - therefore you cannot maximize the 
factorial variance after the fact. Confirmatory factor analysis tests whether your a 
priori hypotheses concerning factor structure maximally accounts for factorial 
variance (confirmatory ma~mum likelihood analysis). 

Convergent validity of anger measures can be tested directly with confirma
tory analysis. A model of factor structure of anger measures is compared with the 
hypothesis of no factors to find if the model significantly reproduces the data. If 
chi-square is significantly reduced, one can infer that the model is valid. 

Testing the divergent validity of a factor model of anger measures from others 
with confirmatory analysis involves testing the correlation of one factor with 
another (Gorsuch, 1983). The chi-square tests whether the correlation between 
two models is significantly less than a factor structure where the correlation of the 
models is set at 1.0. If the difference in chi-squares between the restricted and 
unrestricted factor structures is significant, one can infer that the factors show 
divergent validity. 

There are other strategies that are available to test developers where multi
trait-multi-methods can be tested with confirmatory analysis in a stepwise proce
dure. In addition, tests can be established for factor structures that simply specify 
which variables go together ("weak structures," Bernstein, 1988), and confirma
tory tests for "strong substantive" models where causality is tested. Such applica
tions are apparent in the development of anger measures where researchers have 
directed much attention to the question of anger-correlates and more restrictively, 
the causal link, if any, of anger to physical disorders and destructive aggressive 
behaviors. 

In my review of anger. measures, I could find no studies using confirmatory 
methods to establish construct validity. Exploratory methods to establish con
struct validity are simply inadequate. I am proposing that we wipe the slate clean 
and create yet other measurements of anger based on contemporary theory and 
more advanced methodological approaches. 

For instance, Zillman (1988) and Berkowitz (1990) offer a good starting point 
toward establishing testable anger theory. Both models emphasize the cognitive 
and physiological components of anger. A first step might be a "chicken-and
egg" hypothesis. Which comes first, the physiological reaction or the cognitive 
schemata associated with a provocative event? Confirmatory analyses could be 
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used to test which cognitive and physiological variables go together. Then, 
sequence of events as discussed by Berkowitz9 (1990) could be tested with hy
pothesized path-analyses. 

The·use of good theory is directly linked to measurement strategies one might 
select to assess anger. Unfortunately, the reviewed measures of anger do not link 
theory to measurement strategy. We still do not know what anger is, or even if 
anger is differentiated from other negative affective reactions. Much of this predi
cament can be resolved with more attention directed to construct validation 
procedures and the integration of good theory. 

CONCLUSIONS 

Of the reviewed anger and anger-related measures, construct validity of anger 
has yet to be adequately demonstrated. Such a conclusion is based on the poor 
use, or occasionally non-use, of theory in the development of anger measures. 
Additionally, exploratory factor-analytic methods have been used inappropriately 
to confirm the existence of so-called anger constructs. 

Current use of factor analytic techniques to validate constructs is deficient for 
several reasons. Generally, the problems center on variable input. Variable input 
is inextricably tied to theory. Good theory directs the test developer toward the 
selection of important variables noted in previous research. Good theory also 
sensitizes the developer to the measurement issues of entering variables into 
factor analysis. 

Conclusions about anger as a variable in research studies on health or therapy 
will remain ambiguous until construct validity procedures are improved and test 
reliabilities increased (Biaggo, Supplee, & Curtis, 1981 ). I propose that develop
ers start afresh and spend more time on generating a testable model of the anger 
construct. Further, more attention should be directed toward measurement proper
ties of input variables including their respective ontological levels of measure. 

Exploratory factor analysis can be useful if, and only if, developers use the 
procedure to discover the components of the construct anger rather than confirm 
the components of anger (Yates, 1987, p. 326). Confirmatory methods using 
factor analysis are in the tradition of classical hypothesis testing and are clearly 
shown in construct validation studies. Confirmatory methods can be used in the 
intermediate phase-of hypothesis testing where developers need to confirm which 
anger measures go together. And, confirmatory methods can be used in more 
complex designs where multi-method-multi-measure variances are examined for 
convergent/divergent validity. In fact, the design potential of confirmatory analy
sis has probably not been fully realized given the limited exposure of researchers 
to these statistical approaches. 

Research on the relation of anger to coronary heart disease provides a good 
example. Interpretation of results has been clouded by conceptual confusion over 
constructs of hostility, anger, and aggression and their relation to Type A person
ality (Yuen & Kuiper, 1991). With confirmatory methods, the causal direction, if 
any, of anger on aggressive behaviors or anger on coronary heart disease could be 
evaluated. Such findings would help clarify the amorphous-status of the construct 
anger. Researchers would have a clearer picture where anger has a role in the 
hierarchy of physical disorders and in human aggression. 
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Too much energy of researchers has been directed toward empirical methods 
of anger test-construction. None of the anger measures reviewed provide convinc
ing evidence of how anger can be distinguished from similar constructs such as 
annoyance, hostility, irritability, and even aggression. Definitions of these terms 
offered in the developmental stages, while helpful to the reader, do not establish 
discriminative validity. Again, theory and hypothesis testing would solve the 
problem. Such_ procedures potentially could make sense out of anger-like con
cepts that undoubtedly overlap (Smith, Sanders, & Alexander, 1990) and are 
characteristically over-inclusive. 
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Footnotes 

1. Paper is based on presentation at the 1991 Southwestern Psychological Asso
ciation at workshop sponsored by the Society of Applied Multivariate Research. 
Reprints can be obtained by writing to the Psychology Department, Central 
Washington University, Ellensburg, WA 98926. 
2. Anger measures considered in this review are listed separately in the bibliog
raphy. 
3. The relatfonship of anger to coronary heart disease is unclear. Some reviewers 
such as Krantz, Contrada, Hill, and Friedler (1988) have concluded that compon
ents of Type A behaviors such as anger-in have been related to coronary disease. 
Others such Russek, King, Russek, and Russek ( 1990) reviewing a 35-yr prospec
tive study on psychophysiological patterns of responses to laboratory stress ex
periments found that neither anger-in nor anger out was linked to coronary heart 
disease. It is important for the reader to note that a variety of anger and anger
related measures have been used in coronary research. Construct validity of anger 
measures is an obvious issue in evaluating the role of anger in coronary illness. 
4. When such items of anger measures lack a theoretical basis, the resulting 
measure may contain items that measure events at a different ontological status. 
The most common confusion about ontological status of anger-test items relates 
to inquiries about physiological and cognitive events. A person's blood pressure 
may go up when told his tennis-serve was out by the linesman, but his cognitive 
processing of these events could range from the conclusion that he is angry with 
the linesman, self- or indeed, report no anger. Cognitive and physiologfoal 
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events are parallel but logically cannot be causally linked. Causality can only be 
established between measures of a similar ontological status. 
5. Currently, there is an extensive debate regarding the extent that anger can be 
differentiated from other emotions. Tomkins (1962) and Buck (1985) have postu
lated that anger is primarily an underlying biological experience where cognitive 
attributions of such experiences do not play a causal role in anger. Others such as 
Weiner ( 1985) argue that anger can be reduced to an attribution analysis and there 
are no exclusive underlying biological experiences that are necessarily linked to 
anger. 
6. Such a demonstration study is offered by Shoemaker, Erickson, and Finch 
( 1986) where they implemented a multimethod assessment approach contrasting 
measures of depression and anger among third- and fourth-grade boys. While 
their anger measures demonstrated convergent validity, anger measures failed to 
show discriminative validity from measures of depression. 
7. The term "factor" will be used to refer to components or synthetic or latent 
variables for simplicity of discussion. 
8. Bernstein ( 1988) offers a good discussion on how factor analytic procedures 
along with other multivariate methods are affected by variable weightings. 
9. Leonard Berkowitz (1990) in his theory on cognitive-neoassociational analysis 
of anger views negative affect as bodily reaction which can activate cognitive 
components including attributions, appraisals, and schematic conceptions. His 
theory is very close to the James-Lange theory that has been debated for years. 
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ABSTRACT 

Cattellian research has been prodigious in systematically investigating the 
structure of personality traits alongside important cognitive/ability dimensions. 
Source traits delineated factor analytically in both intrapersonal psychological 
domains have been incorporated into multidimensional measurement instruments 
such as the Sixteen Personality Factor Questionnaire (16PF), Clinical Analysis 
Questionnaire (CAQ), Objective-Analytic (O-A) Battery, Culture Fair Intel
ligence Tests (CFiT), and Comprehensive Ability Battery (CAB). Several 
downward extensions of these instruments have been developed such as the High 
School Personality Questionnaire (HSPQ), Children's Personality Questionnaire 
(CPQ), and Early School Personality Questionnaire (ESPQ). Boyle (1983) has 
shown under non-emotive conditions that intellectual abilities tend to overshadow 
personality traits, in cognitive information processing. Nevertheless, under stress
ful emotional conditions, involvement of personality traits is enhanced such that 
cognitive factors may play only a minor role in i~fluencing performance out- · 
comes. The Cattellian psychometric model is one of the few approaches which 
attempts to index intelligence along with temperament. The present paper 
provides an overview of the Cattellian integration of intelligence and personality 
measurement, and discusses some of its benefits and problems. 

INTRODUCTION 

Relationships between cognitive ability factors and personality traits (as 
measured in the Sixteen Personality Factor Questionnaire or 16PF - . Cattell, 
Eber & Tatsuoka, 1970; and in the Clinical Analysis Questionnaire or 
CAQ-Cattell & Sells, 1974; Krug, 1980) have been reported by Cattell (1971), 
Cattell and Butcher (1968), and by Cattell and Damarin (1968)- (cf. Boyle, 
1987c,d). However, as Hakstian and Cattell (1978), and Kline (1979, 1980) have 
pointed out, these statistically significant correlations generally give only relative-
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ly small multiple correlations, thereby making it difficult to justify the routine 
interpretation of personality characteristics from cognitive ability measures such 
as the Culture Fair Intelligence Tests (CFiT- Cattell & Cattell, 1977), or the 
Comprehensive Ability Battry (Hakstian & Cattell, 1982). Nonetheless, such 
correlations do throw some light on the nature of the interactions between cogni
tive abilities and personality traits (cf. Cattell, 1971). As Cattell (1987) pointed 
out, possible interactions include (1) abilities affecting personality growth; (2) 
personality affecting ability growth; (3) ability modifying personality expression; 
( 4) personality affecting ability performance (Cattell, 1987). While ability and 
personality factors are largely independent (cf. Boyle, 1988b; Boyle, Stanley, & 
Start, 1985, who found relatively moderate overlap/redundancy across 
modalities), there are nevertheless, some discernible interrelationships (cf. Brody 
& Brody, 1976; Cattell, 1971, 1982; Eysenck, 1984; Stankov, 1983). 

MEASUREMENT OF ABILITIES AND TRAITS 

Generally, the sophistication with which cognitive abilities and personality 
traits (both normal and .abnormal) are measured, differs considerably. Ability 
factors (cf. Hom, 1977, 1988) are usually measured by objective tests (T-data), 
whereas personality characteristics (traits) are measured predominantly by ques
tionnaire (Q-data) or rating scales (L-data)-(cf. Cattell & Kline, 1977; Kline, 
i986). Self-report and rating data are prone to numerous response sets and distor
tion ranging all the way from inadequate self-insight to deliberate dissimulation 
(either faking good or faking bad, depending on the context in which the meas
urement takes place - Boyle, 1985). 

Early work on intelligence-personality intersections was undertaken by Hak
stian and Cattell ( 1978) - ( a detailed review of Cattell' s model of intellectual 
structure was provided by Brody & Brody, 1976). In regard to the Cattell-Hom 
g(gc theory (fluid vs. crystallized intelligence), support for the Cattellian higher
order abilities model has come from factor analytic investigations demonstrating 
the importance of gf and gc in addition to other cognitive factors such as gm 
(memory capacity), ~s (perceptual speed),~ (retrieval capacity),~ (visualization 
capacity), and ga (auoitory organization)- (Boyle, 1988a; Stankov, 1983). As 
Brody and Brody pointed out, a number of implications of this model are appar
ent: ( 1) gf is more influenced by genetic endowment than gc; (2) environmental 
influences on physical development primarily influence~; (3) cultural and educa
tion opportunities have their greatest impact on gc rather than on gf; ( 4) measures 
of gf decline at a younger age than gc measures; (5) brain injury has differential 
effects on gf and gc throughout the course of lifespan development. This well 
documented gf-gc distinction is measured via the Cattellian Culture Fair Intel
ligence Tests or CFiT- Cattell & Cattell, 1977), which focus primarily on gf, 
and the Comprehensive Ability Battery or CAB - Hakstian & Cattell, 1982), 
which comprises measures of 20 primary abilities, some of which focus predomi
nantly on ~. while others focus mainly on ~-

In a study of the inter-battery correlations of the 20 CAB ability tests measur
ing gf and gc, and the 14 scales of the High School Personality Questionnaire or 
HSPQ - - a downward extension of the 16PF- (Cattell, Cattell, & Johns, 1984 ), 
no fewer than 50 out of the total 280 correlations were statistically significant. At 
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the 5% level of significance, only 14 of these correlation coefficients would have 
been expected to be significant by chance alone {Keppel, 1991 ). Although the 
ability modality is conceptually distinct from the personality domain (Boyle, 
1988b ), verbal, mathematical, and artistic performances tend to be associated with 
certain personality traits (Cattell, 1987). What are often thought of as different 
qualities of ability are probably complex combinations of cognitive abilities and 
personality traits. Studies with the 16PF and HSPQ have shown a significant 
increase in prediction of performance, over prediction based on intelligence tests 
alone (e.g., Boyle, 1983; Boyle, Start, & Hall, 1989; Cattell, Barton, & Dielman, 
1972). Cattell (1987, p. 480) reported an average increase of 42 percent in predic
tive variance by including personality test scores in addition to measures of cogni
tive abilities, and an average 41 percent increase by including ability measures 
over and above personality measures alone. 

PSYCHOMETRIC MODEL 

In Cattellian theory (see Cattell & Kline, 1977; and Kline, 1980, for a detailed 
review of Cattell's psychometric model), the contribution of personality traits (T), 
along with abilities (A), motivational dynamic factors (D), and transitory mood 
states (S) is highlighted in the behavioral specification equation (Equation 1), 
wherein a represents the behavioral outcome of response or performance j, for 
individual i, in relation to focal stimulus h, and ambient situation k. The b's repre
sent the behavioral indices (factor pattern loadings). Thus, behavior is a complex 
function of the interactions of several intrapersonal and situational variables. Each 
intrapersonal modality interacts with each of the others in producing behavioral 
outcomes. In regard to the first-order interaction of personality traits and cogni
tive abilities, the corresponding multiplicative term is-shown in (2) below. 

LL bhjkwxAwiTxi------(2) 

Furthermore, there are higher-order interactions as well as the possibility of · 
nonlinear interactions, which must be considered, making the final behavioral 
outcome a function of numerous such interactions. Also, Cattell (1987) has in
cluded "modulation indices" into the behavioral specification/prediction equa
tion. These modulation terms relate to the situational modulation of source traits 
with respect to each intrapersonal modality (A's, T's, D's, and S's), respectively, 
given that there is ample evidence of significant interactions between cognitive 
abilities and personality traits (Boyle, 1990). 

With regard to the applicability of the general linear model (OLM) on which 
virtually all psychometric r~search to-date, including the Cattellian and Ey
senckian models, have been prefaced, it is important to recognize that the OLM 
encompasses a wide diversity of models, over and above the more limited linear
additive model. Draper and Smith (1981) have made a useful distinction between 
( 1) intrinsically linear models, which can be expressed by suitable transformation 
of variables, in the standard linear model form (e.g., dummy variables, polynomi-
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als of higher order,reciprocal and logarithmic transformations- Ch. 5), and (2) 
intrinsically nonlinear models, which are more complex and may have more than 
one minimum in the parameter space (Ch. 10). Clearly, it would be desirable for 
psychometric researchers to place more reliance on intrinsically linear models 
(and perhaps also intrinsically nonlinear models) in addition to the_ simple, linear
additive ·model, per se. 

The Cattellian school has recognized th~ need for complex psychometric 
models, as evidenced in the more elaborate versions of the behavioral specifica
tion equation ( cf. Cattell, 1979/80). Nevertheless, a caveat would seem in order. 
Suppose that a researcher starts with five predictor variables. Use of squared 
terms would add five additional predictors, and use of product terms would add at 
least 10 more, giving a total 25 predictor variables. Capitalization on chance 
would be quite likely under these circumstances. Consequently, psychometric 

. researchers should be encouraged to report squared multiple correlations (SMCs) 
adjusted for shrinkage (Pedhazur, 1982, p. 148) in addition to the unadjusted 
values when they use these more complex models. 

· MULUDIMENSIONAL INSTRUMENTS 

Many contemporary multidimensional personality instruments are based on 
theoretical postulation as to both number and nature of the major trait dimensions 
(e.g., the Minnesota Multiphasic Personality Inventory or MMPI-2; California 
Psychological inventory or CPI; Hogan Personality Inventory or HPI). The Cattel
lian school has attempted to overcome this limitation by structuring the 16PF via 
extensive factor analyses (cf. Cattell, 1978; Gorsuch, 1983) on as comprehensive 
a sampling as possible of the normal personality trait domain (extended into the 
abnormal trait domain with the CAQ). . 

Studies of physical plasmodes with known dimensionality have verified the 
utility of factor analysis for empirically delineating dimensions (e.g., Cattell & 
Dickman, 1962). Nevertheless, merely having "factor-pure" trait dimensions (as 
purported for the 16PF, HSPQ, CAQ, CFiT, CAB, etc.) does not necessarily 
ensure greater accuracy in prediction. Inclusion of scale scores into a multiple 
regression prediction equation (regardless of whether or not they represent pure 
source trait factors) adds significantly to prediction of a criterion (Pedhazur, 
1982). In fact, Eysenck (1984) pointed out that the non-factor-pure personality 
instruments such as the CPI may be as predictive of performance outcomes as are 
factor-analytically based instruments. However, as Eysenck (1985) also suggest
ed, it would make sense <;f!nceptually to intercorrelate the CPI items and to under
take a factor analysis of the resulting intercorrelation matrix (preferably on item 
parcels, given the unreliability of items) in order to produce factor analytically 
valid trait scales instead of the "folk concept" scales currently used. This is an 
important point which also applies with equal force to many other non-factored 
personality instruments. The resulting greater conceptual clarity should enable 
better testing of psychological theories. Hence, factored scales are to be preferred 
over non-factored scales, especially in the clinical psychology area, where ex
treme scores on source trait factors may have etiological, diagnostic, and/or 
therapeutic implications. 
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INTERACTION OF ABILITIES AND PERSONALITY 
IN ACADEMIC ACHIEVEMENT 

Traditional concepts of under- and over-achievement (cf. Gaudry & Spiel
berger, 1971) are premised on the assumption that it is feasible to predict acade
mic performance from intelligence test scores alone. However, both normal and 
abnormal personality traits also play a discernible role in modifying learning 
outcomes. The interaction of personality traits and cognitive abilities is more 
important in influencing performance outcomes, than is either the effect of abili
ties or personality traits alone (Cattell & Butcher, 1968). Indeed, the early work 
by Eysenck ( e.g., Eysenck & Cookson, 1969), as well as similar work by Entwis
tle and Cunningham (1968) demonstrated clearly that the two major personality-
type dimensions labelled Extraversion-Introversion, and Neuroticism-Stability 
(i.e., the first two of the Cattellian second-stratum 16PF factors, as demonstrated 
unequivocally in factor analyses of the 16PF scale intercorrelations on over 
17,000 subjects by Krug & Johns, 1986), play a very important role in influencing · 
performance outcomes, over and above cognitive ability alone. From Eysenckian 
theory (e.g., Eysenck, 1981, 1983; Eysenck & Eysenck, 1984), it is evident that 
introverted individuals are conditioned more rapidly than extraverts, and it seems 
likely that decay of conditioned behaviors is slower for introverts than for extra
verts. Studies have shown that at primary school level, stable extraverts tend to 
perform better than introverts, whereas in senior secondary and tertiary educa
tional levels, stable introverts ( and neurotic introverts) tend to outperform extra
verts (as reviewed in Boyle, 1984). Thus, successful university st1:1dents tend to be 
somewhat more neurotic and introverted than are lower achievers. Presumably, at 
primary school level, the more verbal, outgoing students are perceived by their 
teachers as more involved and competent in their work (Eysenck & Cookson, 
1969). However, at tertiary educational levels, the introverted students who 
involve themselves in private reading and study tend to do appreciably better than 
the more socially oriented and extraverted students, who may find the isolation 
required for successful study difficult to handle. · 

There is also an important interaction between ability, personality (anxiety), 
and performance. Gaudry and Spielberger (1971) have examined this interaction 
effect and have concluded that while anxiety (neuro~icism) may have a debilitat
ing influence on academic performance for students who are intellectually weak
er, it is also apparent that for intellectually brighter students, anxiety may serve as 
a drive to enhance performance. Consequently, examinations (as opposed to 
written take-home assignments) tend to produce a wider range of scores, separat
ing the brighter and/or more informed students from the duller and/or less well 
informed students. Therefore, the usual connotation that ''test anxiety'' interferes 
with a student's performance level, is only partly true. 

Academic learning is best predicted from a combination of ability, personality, 
motivation, and mood-state-measures as shown by Cattell et al. ( 1972), and 
Dielman, Barton, and Cattell (1971, 1973). According to Gillis and Lee (1978, p. 
241), ability and non-ability intrapersonal variables (motivation, personality, 
mood states) can account for up to 60 percent of the achievement variation (Cat
tell & Child, 1975, p. 202; Cattell & Kline, 1977). Yet, this increase may be of 
little consequence if correlations between personality factors and academic per-
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formance criteria are low (0.3 or less). This apparent low level of association 
between personality and performance criteria is obtained under non-emotive 
conditions. Studies of cognitive abilities and personality· in relation to academic 
learning typically do not manipulate emotional state levels, leaving doubt as to 
the actual relationships pertaining under emotionally aroused or stressful condi
tions. 

Boyle (1983, 1987b) demonstrated that under heightened emotional intensity, 
correlations between trait variables and performance criteria are enhanced. Boyle 
(1983) investigated the effects of emotionally disturbing stimuli on academic 
learning performance. A brief film portraying documentary footage of automobile 
accident victims, and a post-mortem was presented to a group of 69 subjects, 
while another 66 subjects served as non-treatment controls. The two groups were 
matched well across a large number of independent variables. While the emotion-

. ally disturbing film produced a learning decrement, it also brought about a 36 
percent increase in predictive variance associated with enhanced correlations 
between the non-ability intrapersonal variables and performance, on a prose learn
ing task. 

Boyle (1983) reported that whereas only one 16PF scale (Q2 or Self
Sufficiency) correlated significantly (.25) with academic learning, under neutral 
emotional conditions, no fewer than seven of the 16PF factors correlated signifi
cantly with performance under heightened emotional conditions (see Table 1). 
These results demonstrate the additional contribution of personality traits over 
and above cognitive abilities to performance outcomes (Kline, 1988). Factor B, 
measured in the 16PF and CAQ instruments, is a short power measure of general 
ability. Indeed, whereas intelligence as measured by the ACER-AL (a test of 
general cognitive reasoning with a verbal emphasis) correlated .35 with perfor
mance in the non-treatment group (Boyle, 1983), it correlated only .21 with the 
criterion in the treatment group. Hence, personality traits may predominate over 
cognitive abilities in influencing academic performance under emotionally 
aroused conditions. 

Even under non-emotive conditions, significant ability-personality relation
ships pertain. Hakstian and Cattell (1978) reported a three-factor solution based 
on their inter-battery factor analysis of ability and personality variables. Factor 1 
(Academic Achievement) exhibited significant loadings on Verbal Ability (.50), 
Speed of Closure (.33), Associative Memory (.40), Meaningful Memory (.33), 
Spelling (.34), Aiming (.41), Crystallized Intelligence (.60), and on HSPQ traits: 
G or Superego (.40), I or Sensitivity (.33), 0 or Insecurity (-.30), Q2 or Self-Suffi
ciency (L39), Q3 or Self-Sentiment (.31), and Q4 or Ergic Tension (-.30). Factor 2 
(Extraversion) loaded on-Flexibility (.36), Ideational Fluency (.63), Word Fluency 
(.34), and Originality (.28), and on traits: A or Warmth (.54), For Enthusiasm 
(.49), and I or Sensitivity (.32). Factor 3 (Tough Poise) loaded on Numerical 
Ability (.45), Spatial Ability (.39), Perceptual Speed and Accuracy (.39), and 
Mechanical Ability (.31), and on traits: Dor Excitability (-.30), E or Dominance 
(.32), Hor Adventurousness (.32), I or Sensitivity (-.46), and J or Individualism 
(-.55). Evidently, moderate positive correlations exist between cognitive abilities 
and personality traits of conscientiousness, consideration, and self-control. 

Cognitive ability as measured by Factor Bis the second largest of the 16PF 
primary factors. Aside from Factor A, it accounts for the greatest proportion of 
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variance among the 16PF factors. Factor B differentiates individuals in terms of 
"mental capacity" on the concrete-abstract reasoning continuum (Smith, 1988). 
It involves recognition of analogies, similarities, and classification ability (Bir- · 
kett-Cattell, 1989), and consists of verbal and numerical items, using easily 
understood vocabulary and familiar contexts, including both crystallized and fluid 
intelligence items (Boyle, 1986, 1987b, 1988a). To meet the minimum number of 
items needed to measure intelligence reliably on Factor B, at least four forms of 
the 16PF (For~s A, B, C, D) should be administered conjointly. This combined 
administration should give a measure of intelligence comparable to that of major 
IQ tests. Often however, only Form A (comprising 13 items on B) is adminis
tered, which provides less than satisfactory reliability. Even so, a high score on 
Factor Bon a single form is suggestive of high cognitive ability. According to 
Karson and O'Dell (1976), Factor B is important in interpreting Factor E 
(Dominance). Usually, high scores on Bare associated with high scores on E, and 
vice versa. Yet, it is possible that an individual with a low E score could obtain a 
high B score. 

According to Cattell (1987), frontal lobe impairment diminishes associational, 
relation-perceiving powers in the emotional control and impulse deferment-inhibi
tion processes. This "frontal-lobe" projection of intelligence into personality 
characteristics, may partly suggest how intelligence modifies personality. Ey
senck (1981) has shown that at extremes of the 1.Q. range, psychological malad
justment is more likely. Extremes in intelligence inevitably result in frustra
tions - deprivation of interpersonal social life (lack of peers on a similar intellec
tual footing), as well as regression toward the biosocial mean. 

Surgent/exuberant (F Factor) individuals seem more able to express intel
ligence with cleverness and a "sparkling wit" rather than with wisdom (Cattell, 
1987). The desurgent/lethargic individual (low F) may be more dependable than 
"clever," and more prudent. In military recruits, verbal ability has been found to 
correlate -.25 with Warmth, A, -.35 with Exuberance (F), and -.35 with Sensitivi
ty (I). The negative correlation between intelligence and extraversion (as meas
ured in A and F) may be due the extravert talking.more, but readirig less (Cattell, 
1987; Eysenck, 1983). 

RESEARCH FINDINGS WITH O-A BATTERY 

Ability-personality interactions are shown most clearly using objective test 
measures such as the Objective-Analytic (O-A) Battery (Cattell & Schuerger, 
1978; Schuerger, 1986). Correlations with certain O-A variables accord with 
expectations since actual tests put more demands on cognitive functioning, than 
do simple self-report questionnaires. Personality factors measured via O-A Bat
tery subtests (each factor labelled with a Universal Index or U.I. number), exhibit 
discernible interactions ·with cognitive abilities. Schuerger (p. 280) reported 
several correlations between U.1. factors and 16PF Factor B, and with the Lorge
Thorndike (L-T) IQ test scores (see Table 1). 

U.I. 19 (Independence) influences performance on both the Gottschalk figures 
(simple perceptual figures concealed in more complex figures), and on the Witkin 
field dependence/independence tasks including the Embedded Figures Test or 
EFf (which correlates 0.3 to 0.6 with field independence). Personality variables 
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correlating with field independence include curiosity, social autonomy, and body 
concept (Hom, 1977). Cattell (1987) maintained that performance on perceptual 
tasks is a function of U.I. 19. According to Cattell & Schuerger (1978, p. 28), U.1. 
19 correlates positively with 16PF primaries Dominance (E+), Suspiciousness 
(L+), Imaginativeness (M+), Radicalism (Q1+), and Self-Sufficiency (Q2+), and 
the 16PF second-stratum Independence factor (cf. Krug & Johns, 1986). Witkin's 
perceptual behaviors may be expressions of this factor. 

TABLE 1 
Correlations Between Personality Factors and Cognitive Ability Measures 1 

16PF Primary Factor 

E (Dominance) 

G (Superego) 

M (lmaginitive) · · 

N (Shrewdness) 

0 ( Guilt Proneness) 

Q 1 (Radcalism) 

Q2 (Self-Sufficiency) 

Q3 (Self-Sentiment) . 

O-A Battery Factor 

U .I. 16 (Ego Standards) 

tJ .I. 19 (Independence) 

Ability Measure 

-.29 to .20 

.27 to .30 

.20 

.26 

-.25 

-.20 to .28 

.25 

.39 

16PF Factor B Lorge-Thorndike 

.21 .48 

.46 .60 

U.I. 23 (Mobilization vs. Regression) .48 .59 

-.24 

.34 

-.45 

U.I. 24 (Anxiety/Neuroticism) 

U .I. 25 (Realism vs. Psychoticism) .24 

U.I. 28 (Lack of Self-Assurance) -.38 

1 Summarized from Boyle (1983), Cattell (1987. p. 452), and Schuerger (1986, p. 280). 
. . . 

U .I. 21 (Exuberance) is associated with word fluency and speed of judgement. 
According to Cattell and Schuerger (1978, p. 29), manifestations of U.1. 21 in
clude high spontaneity, fluency, imaginativeness, speed of social/perceptual 
judgment, fast tempo (less accuracy than speed). In Q-data it is related to Exu
berance (F+ ), Ergic Tension (Q4+ ), Guilt Proneness (O+ ), and Imaginativeness 
(M+ ), and in L-data, to ratings of energetic, forceful and excitable behavior. 

U.1. 23 (Capacity to Mobilize vs. Regression) corresponds to the Eysenckian 
Neuroticism _dimension. U.1. 23 has been associated with cognitive tasks; includ-
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ing coding exercises, short-term memory and visuospatial abilities (Cattell, 1987). 
Cattell and Schuerger (1978, p. 30) maintained that U.I. 23 measures general 
competence, flexibility, emotional balance, and stress endurance. U.I. 23 has 
some qualities of psychoanalytic regression, showing a decline of interest, and 
capacity to organize one's thoughts, and is low in psychotic individuals, pointing 
to disorganization. 

Finally, U.I. 17 (General Inhibition) exhibits associations with perceptual 
slowness, na~rowed peripheral visual span, and slowed dark adaptation. Accord
ing to Cattell (1982, p.364), U.I. 17 involves slower speed of gestalt closure, 
greater GSR reactivity/sensitivity, avoidance of conflict, low ratio of inaccuracy 
to motor speed, slowing of response speed with increased complexity, reduced 
exploration when threatened, and general proneness to inhibition. The tendency of 
some individuals to "underperceive" could be associated with this factor. Hence, 
"low perceptual ability" may sometimes result from personality characteristics 
rather than from cognitive deficiencies. 

CONCLUSIONS 

In conclusion, research within the Cattellian psychometric school reveals 
substantial empirical evidence that personality traits and cognitive abilities exhibit 
appreciable interaction effects. These findings are most pronounced in.the area of 
objective (T-data) measurement of cognitive abilities and personality traits. 

· Future personality test development will most likely place much greater emphasis 
on T-data measures of personality traits than currently is the practice (because of 
the obvious difficulties and high probability of response distortion associated with 
transparent Q-data items). Hence, it is likely that the nature and extent of ability
personality interactions will be clarified and elaborated extensively. 

As Kline (1988) pointed out, while there is general agreement on the major 
ability factors, no similar consensus has been reached with regard to the number 
and nature of the major personality trait dimensions. The factor analytic structure 
of personality dimensions remains controversial, particularly at the Cattellian 
primary factor level. There is much more agreement at the Eysenckian typological 
level of analysis, where the five Cattellian second-order ·16PF factors (cf. Krug & · 
Johns, 1986) correspond directly with Eysenck's type factors (see Boyle, 1989, 
regarding the "Big Five" personality trait dimensions). The present paper reports 
numerous correlations between ability factors and Cattellian primary factors, 
showing that these two domains interact appreciably. Kline (p. 55) concluded that 
quantification of personality by means of factor analysis cannot capture the full 
richness of human personality. Even so, further research into the nature of the 
interrelationships between cognitive abilities and the highly reliable second-order 
16PF dimensions may yi~ld some important new insights. 
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