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FACTOR STRUCTURE OF THE ITALIAN VERSION OF THE WAIS-R 
COMPARED WITH THE AMERICAN STANDARDIZATION ' 

ARTURO ORSINI AND CATERINA LAICARDI 

Univerxity of Rome '%1 Sapienza" 

Surnfnaty.-Factor analysis for responses to the WAIS-R by 1,630 adults of the 
Italian standardization sample produced nvo factor solutions in different age groups, 
and showed high factorial similarity when compared with the same American solution. 
An estimate of g €actor and variance components showed some difference with Ameri- 
can data: a lower proportion of g and common variance, and a greater specificity char- 
acterized the Italian version with an almost identical error variance. For both the esti- 
mate of g and variance components some change across age groups was observed with 
g and common variance increasing and specific variance decreasing from youngest to 
oldest groups. 

The literature on the factorial strucrure of the standardization sample of 
the American WAIS-R (Wechsler, 1981) has often reported discrepant re- 
sults (cf. Silverstein, 1986), with solutions of one, two, three, and four fac- 
tors (Blaha & Wallbrown, 1982; Silverstein, 1982; O'Grady, 1983; Parker, 
1983; Atkinson & Cyr, 1984; HiU, Reddon, & Jackson, 1985; Leckhter, Ma- 
tarazzo, & Silverstein, 1986; Kaufman, 1990, 1991). 

Silverstein (1985) preferred the three-factor solution in conformity with 
data from a cluster analysis. Waller and Waldman (1990) also indcated the 
three-factor solution as being the most adequate for eight out of nine age 
groups of the American standardization sample, and Ryan and Schneider 
(1986) provided evidence for the existence of the three-factor solution with 
neurologically impaired subjects. 

Other researchers held that the two-factor solution was better for indi- 
viduals with cerebral damage (Sturmey, Gatherer, Ghadali, Hallett, & 
Searle, 1993) or for elderly persons with less than 12 years of schoohg (Pa- 
olo & Ryan, 1994). The present research shows the results of the factor 
analysis of the six cohorts of the Itahan standardization sample (Orsini & 
Laicardi, 1997; Wechsler, 1997) compared with the American solution. 

Comparisons between Italian and American samples may underline dif- 
ferent results of the WAIS-R. Cross-cultural variables, such as differences in 
language, type of education and daily life habits, modahties of verbal test 
adaptation, or samplmg composition may produce different important re- 
sults. Instead, in age comparisons of the Italian population, the greater edu- 
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cational opportunities offered to younger age groups and the different qual- 
ity of education for young people created by mass media as well as by 
school may lead to structurally different results at older ages. 

Finally, the incidence of normal physiological aging must not be forgot- 
ten in modifications of the structure of intelligence. The "crystahzed inteh- 
gence" increases across ages and the "fluid intehgence" decreases across 
ages (Schaie, 1996). In any case, it is interesting to return to this topic with 
data from older age groups (65 yr. and over). 

Subjects 

The sample included 1,630 Italian adults (815 women and 815 men) be- 
tween 16 and 24 years of age. Table 1 shows the mean for age and edu- 
cation for each age group. 

TABLE 1 
NUMERICAL COMPOSITION OF SAMPLE BY AGE GROUP AND SEX: 

MEANS AND STANDARD DEVIATIONS BY YEARS 

Age P I  AU Age, yr. Schoohg, yr. 
Group, yr. Males Females M SD M SD 

The changes in the Italian version of the WAIS-R Verbal Scale have 
been discussed in previous papers: the Italian version of the WAIS-R re- 
flects changes in six items of the Information scale (Items 6, 10, 11, 13, 14, 
16) and in four items of the Arithmetic scale (Items 5 ,  8, 11, 13) .  In the 
American version many of these were highly specific to the American cul- 
ture. Item analysis shows significant item-total score correlation and the dis- 
crimination levels on the performance for different age groups. The Perfor- 
mance Scale was identical in the American and Itahan versions (Laicardi, 
Passaro, Petropoulou, & Picone, 1794; Laicardi, Frustaci, & Lauriola, 1996). 

Procedure 

Trained psychologists administered the complete WAIS-R scale to each 
participant, according to individual standard procedures. 

Statistical Analysis 

(1) Factor analysis.-Similar to the American standardization procedure, 
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the raw scores for the 11 subtests of all 1,630 subjects were converted to 
scaled scores using the table of conversion-raw scores/scaled scores-com- 
puted on the Italian reference group of 830 subjects (these are the subjects 
between the ages of 19 and 34 years, who achieved the highest scores among 
the various age groups), and intercorrelations were computed between scaled 
scores of the 11 subtests for each age group. 

Initially, we carried out a Principal Components analysis (1.00 in diago- 
nal); to determine the number of factors to rotate, we applied Cattell's scree 
test (1966). This procedure suggested two factors for all age groups. 

Then a Principal Factor Analysis with squared multiple correlations in 
diagonal and orthogonal (varirnax) rotation of two factors was performed for 
each age group. Averages of factor loadings were computed across age groups 
(the rotated loadings from the correlation matrix for the entire sample were 
very close to average loadings). 

We factorized with the same method correlation matrices of USA stan- 
dardization sample (Wechsler, 1981) and computed the mean rotated load- 
ings for the two-factor solution (cf. Table 2 below). 

To assess factorial similarity, we computed coefficients of congruence 
(Harman, 1970) between Italian and U.S. scales. The same coefficients be- 
tween Italian age groups were computed to verify factorial stab~tity of the 
Icalian nvo-factor solution. 

(2) General factor.-A method for estimating the General factor is to 
use the loadmgs of the unrotated first principal factor. In fact, in agreement 
with Kaufman (1990) and Silverstein (1982, 1986), the unrotated first princi- 
pal factor is interpreted as general abhty (g) and the squared loadings of the 
unrotated first principal factor as the proportion of variance of each subtest 
accounted for by the General factor. The average proportion of g of each 
subtest across age groups and the average proportion of g across subtests for 
each age group, and the overall average of the Italian and American stan- 
dardization samples were computed (see last row in Table 3 below). 

(3) Variance components.-It is possible to express the variance of each 
subtest of the WAIS-R into a common, specific, and error variance. Accord- 
ing to the criteria proposed by Wrigley (1957, 1958) and used by Silverstein 
(1968, 1976, 1982) and Kaufman (1975, 19901, in analyzing variance compo- 
nents of the Wechsler scales, the squared multiple correlation of each sub- 
test with the other subtests is an estimate of its common variance, the differ- 
ence of common variance from reliab~lity is the specific variance, and I - r,, 
is the error variance. 

For ample specificity two criteria must be verified (Kaufman, 1975): 
specific variance greater or equal to .25 and specific variance greater than er- 
ror variance. Adequate specificity is obtained when only the second criterion 
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is verified, and inadequate specificity is achieved when specific variance is 
less than error variance. 

Two-factor Solutlon 
If we analyze average loadings using an arbitrary minimum loading of 

.40, we see (Table 2 )  the farnhar Verbal Comprehension factor with higher 
loadings on verbal subtests, and the Perceptual Organization factor with 
loadings on performance subtescs. This result seems to justify the interpreta- 
tion of Verbal and Performance IQs. It is interesting to observe that Arich- 
metic loads on both factors but is higher on the Verbal factor and that Pic- 
ture Completion and Picture Arrangement load on boch but are higher on 

TABLE 2 

WAIS-R Subtest Age Group ,  yr. Italy USA 
16-18 19-24 25-34 35-44 45-54 55-64 

Factor 1 
Information 
Digit Span 
Vocabulary 
Arithmetic 
Comprehension 
Similarities 
Picture Completion 
P~c ru re  Arrangement 
131ock Design 
Object Assembly 
Digit Symbol 
Eigenvalue 
% Variance Explained'' 

Factor 2 
Information 
Digit Span 
Vocabulary 
Arithmetic 
Comprehension 
Similarities 
Picture Completion 
Picture Arrangement 
Block Design 
Object Assembly 
Digit Symbol 
Eigenvalue 
% Variance Explained" 

"By rotated factors. 
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the Perceptual Organization factor. Digit Symbol loads just below the mini- 
mum loading on the Perceptual Organization factor. 

There are two irregularities. (1) At ages 19-24 yr. and 25-34 yr. the sec- 
ond factor seems to be a combination of [he Perceptual Organization and 
the Memory/Freedom from Distractibility factor, with higher loadings on 
Arithmetic and Digit Span. A similar result was found by Parker (1983) for 
the 18-19-yr. and 45-54-yr. American age groups. (2) Digit Symbol loads 
significantly on the Verbal Comprehension factor in the 35-44-yr., 45-54- 
yr., and 55-64Oyr. age groups. Digit Symbol seems more a "verbal" subtest 
with advancing age, conforming with the hypothesis that this task, involving 
efficient working memory and speed of association, requires verbal strategies 
by older people (Smith, 1996). 

A visual inspection of mean rotated factor loadings shows good factorial 
similarity between Italian and U.S. scales. High coefficients of congruence 
are consistent with these data: congruence between Italian and American fac- 
tors is .98 for Factor 1 and .97 for Factor 2. Average congruence of .98 for 
both Factor 1 and Factor 2 among age groups of the Italian sample ensures 
high stability of the two-factor solution. 

(2) G e ~ e r a l  Factor 

Average proportion of g across age groups and subtests is reported in 
Table 3 The data show a lower proportion of g in the Italian standardiza- 
tion of the WAIS-R for each age group and for each subtest, and on overall 
mean. 

If we consider proportions > .50 as good measures of g, proportions be- 
tween .3O and .50 as fair measures of g, and proportions c.30 as poor 
measures of g, the Italian WAIS-R presents only two subtests, Vocabulary 
and Information, with a good proportion of variance attributable to g. On 
the contrary, the American data show six subtests in this category. 

There are six subtests of the Italian WAIS-R in the second category, a 
fair measure of g: Arithmetic, Comprehension, Similarities, Picture Comple- 
tion, Picture Arrangement, and Block Design. The five remaining American 
subtests fall into this category: Digit Span, Picture Completion, Picture Ar- 
rangement, Object Assembly, and Digit Symbol. There are three subtests in 
the third category, a poor measure of g: Digit Span, Object Assembly, and 
Digit Symbol; no American subtest falls into this cacegory (see Table 4). 

The overall mean proportion of g is .41 for our data vs .51 for the 
American solution. Thus, it can be concluded that the Italian version of the 
WAIS-R gives a lower measure for g than the American one. Moreover, 
when che data relative to the mean proportion of g explained by the test in 
the six age groups are observed in Table 3, a developmental process seems 
plausible for study. The proportion increases from 0.34 in the 16-18-yr, age 
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TABLE 3 
MEAN PROPORTION OF g OF ACE GROUPS A N D  WAIS-R SUEITUT~ 

Age Groups of 1rali:ln Sample 
, 16-18 19-24 25-34 35-44 45-54 5 5 4 4  

M Prop.  g .34 .35 .3 9 .38 .48 .54 

Aee Grouus of An-rerican Samule 
1 6 1 7  18-19 20-24 25-3; 35-44 45-54 '55-64 65-69 70-74 

M Prop.  g .47 .47 .47 .53 .56 .54 .53 .58 .50 

Subtest Mean Proportions of g by Subtesr for 
Italian and U.S. Standardizacions 

Italian Sample U.S. Sample 

Information 
Digit Span 
Voca hula ry 
Arithmetic 
Comprehension 
Similariries 
Picture Completion 
Picture Arrangement 
Block Design 
Object Assembly 
Digit Symbol 
IM 

group to 0.54 in the 55-64-yr. age group, with an almost continuous in- 
crease. It seems that for greater age groups the test is increasingly a test of 
the g factor. This finding w d  be better analyzed when we extend research to 
groups of older (65 yr. and over) Italian subjects. 

(3) Variance Components 
Variance components of WAIS-R subtests and for the three Scales in 

the six age groups are reported in Table 4. 
The mean percentage of three types of variance of our sample and the 

American one (Silverstein, 1982) shows the greater specificity of the Italian 
adaptation of the WAIS-R. Greater specificity can be observed in all sub- 
tests and in all three scales with less percent'ige of common variance com- 
pared to the American data. Error variance, however, is similar in both stan- 
dardization samples. 

Taking the subtests into account, it can be seen that only the Similari- 
ties, in the 55-64-yr. age group, present inadequate specificity, and only In- 
formation and Vocabulary in the 55-64-yr. age group and Vocabulary in the 
45-54-yr. age group show adequate specificity. All other subtests in all age 
groups present high specificity. 

Analyzing the data at the various ages, the 16-18-yr. age group has 



TABLE 4 
PERCENTAGES OF COMMON (CO). SPECIFIC (SP). A N D  ERROR (ER) VARIANCE 

Subtest 1 6 1 8  19-24 25-34 35-44 45-54 55-64 M 
(11 = 200) (11 = 400) (11 = 430) (12 = 200) (11 = 200) (n = 200) Italian USA" z 

Co Sp Er Co Sp Er Co Sp E r  Co Sp Er Co Sp Er Co Sp Er Co Sp Er Co Sp Er > 

Information 50 38 12 4 9 3 4  17 5 5 3 2  13 59 28 13 73 18 9 80 12 8 61 27 12 70 19 11 5 z 
Digit Span 19 63 18 25 52 23 32 49 19 33 45 22 32 51 17 47 39 14 31 40 19 40 41 19 .$ 
Vocabulary 54 41 5 57 35 8 57 37 6 65 30 5 74 21 5 81 15 4 65 30 5 77 19 4 
Arithmetic 5 42 38 20 40 39 21 49 32 19 36 45 19 39 45 16 44 37 19 42 39 19 56 28 16 & 
comprehension 48 39 13 45 44 11 49 37 14 43 43 14 57 31 12 59 27 14 50 37 13 63 20 17 
Similarities 32 50 18 42 43 15 43 37 20 39 40 21 58 28 14 66 17 17 47 36 17 62 22 I6 
Picrurecornpletion 32 42 26 33 43 24 28 47 25 41 38 21 53 33 14 56 31 13 40 39 21 49 31 19 -1 

Picture Arrangement 30 42 28 36 39 25 40 33 27 42 37 21 50 38 12 57 27 16 42 36 22 42 32 27 
Block Design 34 51 15 45 40 15 56 32 12 52 37 11 51 38 11 53 36 11 48 39 13 58 29 14 
Object Assembly 24 48 28 29 43 28 42 31 27 35 43 22 33 48 19 40 37 23 34 42 24 47 20 33 2 
Digit Symbol 13 71 16 18 68 14 20 71 9 32 59 9 53 39 8 56 39 5 32 58 10 38 44 19 n 
Verbal Scale 41 45 14 43 41 16 47 38 15 46 38 I6 55 33 12 62 25 13 49 37 14 61 25 14 2 
Performance Scale 27 51 22 32 47 21 37 43 20 40 43 17 48 39 13 53 34 13 39 43 18 47 31 22 
Full Scale 34 48 18 37 44 19 42 40 18 43 41 16 52 36 12 58 29 13 44 40 16 54 28 18 

Note.-Com~non variance is given by squarcd multiple correlation coefficient. Specific variance is calculated subtracting the common variance from 
reliability. Error variancc i s  given by 1 - r , , .  The percentages of variancc with "ample specificity" are in boldface. *From Silvcrstein, 1982. 
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greater specific variance than common variance on all three scales. This mod- 
el can be verified for the Performance Scale in four out of six age groups 
(16-18 yr., 19-24 yr., 25-34 yr., 35-44 yr.) and for the Full Scale in two age 
groups (16-18 yr. and 19-24 yr.). 

Analyzing the mean values, it can be  observed that three out of 11 sub- 
tests (Digit Span, Object Assembly, and Digit Symbol) present a model with 
the specific variance greater than common variance and common variance 
greater than error variance. The model is present in seven of 11 subtests for 
the 16-18-yr. age group, in three subtests for the 25-34-yr. age group, in 
five subtests for the 35-44-yr. age group, in four subtests of the 45-54-yr. 
age group, and in no subtests for the 55-64-yr. age group. Our  results show 
that the Italian adaptation of the WAIS-R has greater specificity, an essen- 
tially identical percentage of error variance, and a lower percentage of com- 
mon variance than the original American one. 

It must be pointed out that analogous results emerged in the Italian ad- 
aptation of the WISC-R (Wechsler, 1986; Orsini, 1993) and the W P S I  
(Wechsler, 1973; Orsini & Picone, 1996). 

The changes in variance for age groups are also worthy of note. Table 4 
shows an across age groups increase in the percentage of common variance 
and a decrease in the percentage of specific variance, allowing for the hy- 
pothesis of a developmental phenomenon to be assessed longitudinally. This 
is obvious for the three scales: the percentage of common variance of the 
Full Scale increases from 34% in the 16-18-yr. age group to 58% in the 55- 
64-yr. age group. O n  the contrary, the percenLage of specific variance of the 
F d  Scale is 48% in the 16-18-yr. group and progressively decreases to 29% 
in the 55-64-yr. age group. Accepting, at most, a single irregularity in the 
trend, the same pattern is present in the following subtests: Information, 
Digit Span, Vocabulary, and Similarities for the Verbal Scale, and Digit Syrn- 
bol for the Performance Scale. This finding seems worthy of note and is per- 
haps the most distinguishing aspect of the Italian adaptation of the WAIS-R 
with respect to the results of the American standardization sample. [n fact, 
many variables may be involved in explaining the more or  less specific vari- 
ance in the scores of a scale such as the WAIS-R developed for measuring 
intelhgence. 

D r s c u s s ~ o ~  
The factor structure of the WAIS-R, llke that of any of the Wechsler 

scales, describes the components of human intelhgence measurable by test 
across age groups and populations. The factorial structure of the Italian ver- 
sion of the WAIS-R seems congruent with the original American version in 
the two-factor solution but with lower g and greater specificity. 
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