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a b s t r a c t
The process of ageing induces researchers to study the psychological characteristics of elders, particularly general
intelligence or g. The g factor can be extracted from a correlation matrix of a battery of cognitive tests and is a
signiﬁcant predictor of success in life. One of the most important questions in intelligence research is if there
are gender differences in latent cognitive abilities and different relationships between education and g in
males and females. Analysis with structural equation models was applied on 1,168 volunteer normal, healthy
older adults aged 65–84 years from the Italian standardization sample for old age of the WAIS-R. The results
suggested that there are no gender differences in latent cognitive abilities, while education showed a signiﬁcant
relationship with intelligence, both for males and females.
© 2014 Elsevier Inc. All rights reserved.

The increasing proportion of elders in the Italian population is a well
known trend, growing from about 18% in 2001 to around 20% in 2010,
and estimated to reach approximately 33% by 2050 (ISTAT, 2001,
2008; Zenezini, 2009). Consequently, many researchers in Italy are
studying the process of ageing and the health, socio-economical, and
psychological problems that affect elders. One of the most important
aspects of the ageing process is its effect on intelligence, particularly
its impact on general intelligence or g and its components, that is,
ﬂuid and crystallized intelligence (Horn & Cattell, 1967).
It is necessary to establish valid measurement models for tests of
intelligence before analyzing structural relationships between intelligence and other constructs. As noted by Anderson and Gerbing (1982,
p. 453), “proper speciﬁcation of the measurement model is necessary
before meaning can be assigned to the analysis of the structural
model.” Therefore, it is not possible to study the effects of ageing on
intelligence in Italy if the structural validity of tests used to measure
intelligence has not been established. Given that the Wechsler Adult
Intelligence Scale–Revised (WAIS-R; Orsini & Laicardi, 1997, 2003) is
the version of the Wechsler scale currently used with adults in Italy,
its measurement model must be validated prior to investigate its structural relationship with age and other variables.
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Fortunately, the Italian WAIS-R has been tested with both exploratory factor analytic (EFA) and conﬁrmatory factor analytic (CFA) methods
on data obtained from normative samples as well as with independent
samples of adults (Balsamo, Romanelli, & Saggino, 2010; Laicardi,
Frustaci, & Lauriola, 1996; Orsini & Laicardi, 1997, 2003). Using the normative sample, Orsini and Laicardi (1997, 2003) found three factors for
ages 16–54 years, two factors for ages 55–64, and one factor for ages
65–84 years. The three-factor solution was composed of verbal comprehension (VC), perceptual organization (PO), and memory/freedom from
distractibility (M/FD) factors whereas the two-factor solution contained
the VC and PO factors. A similar three-factor solution was found for an
independent sample of 180 young adults aged 19–35 years (Laicardi
et al., 1996), and a one-factor solution was found in a sample of 523
older adults aged 65–100 years (Balsamo et al., 2010). Another sample
of 400 older adults aged 65–100 years replicated the one-factor structure for ages 65–74 years but found three factors at ages 75–100 years
(Saggino, Balsamo, Grieco, Cerbone, & Raviele, 2004).
Given these inconsistent factor analytic results, Pezzuti, Barbaranelli,
and Orsini (2012) reanalyzed the data from the 2,284 adults in the
WAIS-R Italian normative sample aged 16–74 years. Participants were
separated into four age groups (16–24 years, 25–44 years, 45–64
years, and 65–74 years), and CFA solutions for each age group were
computed. Although a three-factor solution was superior for all four
age groups, the picture arrangement subtest was allowed to crossload on the VC factor for ages 16–24 and 65–74 years. The preferred
model for age 45–64 years did not allow picture arrangement to
cross-load and placed the digit symbol subtest on the M/FD factor. It
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should be noted that preferred models were selected by Pezzuti et al.
(2012) because of signiﬁcant chi-square difference tests. However, excessive power associated with large sample sizes and multiple comparisons may have made practical ﬁt criteria more appropriate (Gignac,
2007). In fact, differences in ﬁt index values were generally small, indicative of non-meaningful changes in model ﬁt among the various threefactor solutions (Chen, 2007). Thus, there remains some doubt about
the factor structure of the Italian WAIS-R.
Previous research has also demonstrated that measurement models
for the WAIS-R are affected by variation of language and culture of samples (Crawford, Gray, & Allan, 1995; Roivainen, 2013). Although a two
factor solution was found in some samples, others were best described
by a three factor model (Leckliter, Matarazzo, & Silverstein, 1986). Generally, the Digit Span and Arithmetic subtests loaded highest on the
third factor (M/FD) with, in some cases, the digit symbol subtest
(Leckliter et al., 1986; Orsini & Laicardi, 1997, 2003; Pezzuti et al.,
2012). Thus, before any structural analysis on the general factor of intelligence, it is necessary to establish the best measurement model for a
given sample with conﬁrmatory factor analyses (CFAs).
Beyond the structural validity of any speciﬁc cognitive test, one of
the most important topics in research about intelligence is the question
of sex differences. Some researchers have demonstrated the existence of
gender differences in general intelligence that favor men (Irwing, 2012;
Lynn, 1997, 1999; Mackintosh, 1998; Nyborg, 2003). Furthermore, general intelligence is generally positively correlated with brain size, and
men tend to have larger brains (McDaniel, 2005; Rushton & Ankney,
2009). In contrast, other researchers found no signiﬁcant gender difference in general intelligence (e.g., Burgaleta et al., 2012; Colom, García,
Juan-Espinosa, & Abad, 2002; Colom, Juan-Espinosa, Abad, & García,
2000; Crawford et al., 1995; Flynn & Rossi-Casé, 2011; Halpern &
LaMay, 2000; Jensen, 1998; Saggino et al., 2014).
Speciﬁc gender differences have been more evident for some latent
cognitive factors, for example, superior working memory (WM) and
PO factor scores for men (Dolan et al., 2006). Alternatively, males have
displayed better performance in mathematical achievement, WM, manipulation of visual images, spatial reasoning, and mechanical reasoning
while females have demonstrated superiority in reading and writing
achievement, long term memory retrieval, acquisition and use of verbal
information, and perceptual speed (Flores-Mendoza et al., 2013;
Halpern & LaMay, 2000; Kaufman, Kaufman, Liu, & Johnson, 2009; van
der Sluis et al., 2006).
Education has also been found to be a source of variability in cognitive performance (Ardila & Rosselli, 1989; Youngjohn, Larrabee, &
Crook, 1993). For example, the portion of total variance accounted for
by g dropped from 51% to 37% over the ages of 25 to 64 years, when
education was partialled out and education was more strongly related
to g than was age (.29 versus -.13 loading value, respectively; Birren &
Morrison, 1961). Studies with other intelligence tests have found that
an increase in education level was associated with better performance
on intelligence tests (Brinch & Galloway, 2012; Kaufman &
Lichtenberger, 2006; Kaufman et al., 2009; Paolo & Ryan, 1994; Portin,
Saarijärvi, Joukamaa, & Salokangas, 1995).
In short, there remains considerable uncertainty regarding sex and
education differences on intelligence. The plain of our work is the
following:

1. To apply conﬁrmatory factor analyses to different hierarchical formative models (Bollen & Lennox, 1991; Diamantopoulos, Rieﬂer, & Roth,
2008) to identify the model which has the best goodness-of-ﬁt-to
data from the Italian standardization sample for old age of the
Wechsler Adult Intelligence Scale–Revised (Orsini & Laicardi, 2003);
2. To test with a multigroup conﬁrmatory factor analysis the measurement invariance between males and females in relation to the effects
of g and ﬁrst-order factors of intelligence on WAIS-R subtests
(Saggino et al., 2014);
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3. To test the effect of the exogenous variable education on g for
both males and females with a multiple indicators multiple causes
model (Keith, Reynolds, Patel, & Ridley, 2008).
1. Method
1.1. Participants
The Italian standardization sample for old age of the Wechsler Adult
Intelligence Scale (WAIS–R), which is the version of the Wechsler scale
currently used with adults in Italy, included 1,168 volunteer, normal,
healthy older adults from 65 to 84 years (584 men and 584 females).
Their mean years of education was 6.0 years (SD = 3.6). More information about this sample is reported in Orsini and Laicardi (2003).
1.2. Analyses
1.2.1. Conﬁrmatory factor analyses to select the best hierarchical formative
model
We applied CFA to the WAIS-R data from the 1,168 participants to
identify the factorial structure of the WAIS-R among this older Italian
sample. In particular, we tested the ﬁve models, whose path diagrams
are shown in Fig. 1, that have obtained conﬁrmation in prior research
(Pezzuti et al., 2012):
1. Model 1 consists of two ﬁrst-order factors, VC and PO, and a secondorder general factor. VC includes the information, digit span, vocabulary, arithmetic, comprehension, and similarities subtests, while PO
includes the picture completion, picture arrangement, block design,
object assembly, and digit symbol subtests;
2. Model 2 has three ﬁrst-order factors: VC, PO, and M/FD and the
second-order g factor. VC includes information, vocabulary, comprehension, and similarities subtests; PO includes picture completion,
picture arrangement, block design, object assembly, and digit symbol
subtests; and M/FD includes digit span and arithmetic subtests;
3. Model 3 contains the same three ﬁrst-order factor as model 2, but the
digit symbol subtest is included in the M/FD factor instead of the PO
factor;
4. Model 4 contains the same three ﬁrst-order factors as model 2,
but the picture arrangement subtest is included in the VC factor in
addition to the PO factor;
5. Model 5 is the same as model 4, but the digit symbol subtest is
included in the M/FD factor instead of the PO factor.
1.2.2. Test of measurement invariance between males and females
Previous research conﬁrmed the measurement invariance in g between males and females (Saggino et al., 2014). However the invariance
of ﬁrst-order factors of intelligence (VC, PO, and M/FD) was not tested.
Therefore, we tested the measurement invariance both for g and for
ﬁrst-order factors with a multigroup conﬁrmatory analysis (MGCFA)
on the bi-factor model illustrated in Fig. 2.
Measurement invariance (Meredith, 1993; Mullen, 1995) tests
the invariance of the factorial pattern (conﬁgural invariance), of factor
loadings (metric invariance), of intercepts (scalar invariance), and of residual variance (strict factorial invariance). Partial measurement invariance tests the conﬁgural, metric, scalar and strict factorial invariance
when some parameters vary between groups.
1.2.3. Test of education effects on g in males and females
To test the effects of the exogenous variable education on g in both
males and females, we performed an analysis with a MIMIC model.
Fig. 3 shows the path diagram of the MIMIC model. Education is the
school attendance (centered, in years) of each individual (Keith et al.,
2008). School attendance has been shown to be linked with IQ scores
(Ceci, 1991).
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Fig. 1. Models used in CFAs to test structural validity of the WAIS–R.
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2. Results and discussion
2.1. Conﬁrmatory factor analyses to select the best hierarchical formative
model
As illustrated by the results in Table 1, model 4 best ﬁts the data.
This three-factor structure of the WAIS-R allowed the picture
arrangement subtest to load on both VC and PO factors. Our results
are similar to those obtained by Crawford, Allan, Stephen, Parker, and
Besson (1989), Burgess, Flint, and Adshead (1992), Laicardi et al.
(1996), and Pezzuti et al. (2012).
2.2. Test of measurement invariance between males and females

Fig. 2. Bi-factor model used to test measurement invariance between genders.

All analyses were conducted with M-plus 7.0 (Muthén & Muthén,
1998–2012). We used the maximum likelihood extraction method. Fit
of the models to the empirical data was judged with the χ2, the comparative ﬁt index (CFI), the Tucker− Lewis ﬁt index (TLI), the root mean
square error of approximation (RMSEA), the 90% conﬁdence interval
for RMSEA, and the standardized root mean residual (SRMR). Because
χ2 is always signiﬁcant with large samples, CFI, TLI, RMSEA with conﬁdence interval, and SRMR were used to compare the ﬁt of the competing
models. A good model should have CFI ≥ .95, TLI ≥ .95, RMSEA ≤ .06, an
inferior limit of the 90% RMSEA conﬁdence interval ≤ .08, and
SRMR ≤ .05, while an acceptable model should have CFI and TLI ≥ .90
and RMSEA and SRMR ≤ .08 (Browne & Cudeck, 1993; Hu & Bentler,
1999). Marsh, Hau, and Wen (2004) suggested use of TLI rather than
SRMR to test model ﬁt because TLI is less affected by sample size.

Table 2 shows descriptive statistics (mean and SD) for each WAIS-R
subtest and full score IQ (FSIQ) partitioned on the basis of gender and
years of schooling of subjects.
We tested measurement invariance between genders of the bi-factor
model shown in Fig. 2.
We calculated the differences between the CFI values of the conﬁgural, metric, scalar, and strict invariance models. If the difference between CFIs (ΔCFI) was lower than − .01, then the between-group
invariance of CFA models was conﬁrmed (Cheung & Rensvold, 2002).
The metric model was compared to the conﬁgural model to test invariance of factor loadings; the scalar model was compared with the metric
model to test intercepts invariance; and the strict model was compared
to the scalar model to test the residual variances' invariance. Table 3
shows the goodness-of-ﬁt-indexes for each model and the ΔCFI values.
The ΔCFI between the metric and the conﬁgural models was lower
than −.01 (−.007), thus conﬁrming metric invariance, while the ΔCFI
between the scalar and the metric model was about −.01. If the intercept of the arithmetic subtest was set free then the ΔCFI was lower
than − .01 (− .006), indicating partial scalar invariance. Comparing
the strict invariance model with the partial scalar model, we obtained
a value of ΔCFI lower than −.01 (−.008). Therefore, the measurement
invariance of g and the ﬁrst-order factors (VC, PO and M/FD) was conﬁrmed (Saggino et al., 2014), indicating that the WAIS–R structure

Fig. 3. MIMIC model for testing the effects of the exogenous variable education on g and the effects of g on ﬁrst-order factors CV, PO, and M/FD and on WAIS-R subtest scores (endogenous
variables). Standardized coefﬁcients for both females and males (in parentheses) are reported. All coefﬁcients are signiﬁcant (p b .01).
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Table 1
Goodness-of-ﬁt indexes for CFA Models 1–5 and the MIMIC Model.
Models

χ2

df

CFI

TLI

RMSEA

90% C.I. RMSEA

SRMR

Model 1 (VC & PO)
Model 2 (VC, PO, & M/FD)
Model 3 (VC, PO, & M/FD)
Model 4 (VC, PO, & M/FD)
Model 5 (VC, PO, & M/FD)

724.301
546.215
668.387
484.846
609.907

34
41
41
40
40

.911
.934
.918
.942
.926

.883
.911
.890
.920
.898

.118
.103
.114
.098
.110

.110–.126
.095–.110
.107–.122
.090–.105
.103–.118

.053
.043
.048
.040
.047

Note: VC is verbal comprehension factor; PO is perceptual organization factor; and M/FD is memory/freedom from distractibility factor.

was equivalent between men and women in this sample of older Italian
adults.
2.3. Test of education effects on g in males and females
Fig. 3 shows the standardized coefﬁcients of the path between the
endogenous variables (WAIS-R subtests and ﬁrst-order factors) and
the exogenous variable education, for both females and males (males
in parentheses). All coefﬁcients were signiﬁcant. In particular, the standardized path coefﬁcient from education to g was .74 for females and
.69 for males. The difference between the coefﬁcients is not signiﬁcant
(Z = 1.666, p = 0.096). Therefore the effect of the exogenous variables
education on g is the same between males and females. The goodnessof-ﬁt indexes of the MIMIC model are fair (χ2 = 407.621 df = 95;
RMSEA = .075 (90% RMSEA .068–.083); CFI = .955; TLI = .938).
The MIMIC model conﬁrms the signiﬁcant effect of g on the three
ﬁrst-order factors (VC, PO, and M/FD). In addition, the ﬁrst-order factors
have signiﬁcant effects on their corresponding WAIS-R subtests. In particular, the standardized coefﬁcient of the path from VC to the picture
arrangement scale is negative. Therefore, an increase of one standard
deviation of VC would decrease the score on the picture arrangement
subtest by .34 standard deviations for females and .30 standard deviations for males.
Several conclusions emerge from our study. First, our ﬁndings show
that in the Italian sample of elder adults who participated in the Italian
standardization of the WAIS-R, Wechsler's scales can be considered a
measure of three ﬁrst-order constructs of intelligence which are VC,
PO, and M/FD, with the picture arrangement subtest loading both on
VC and PO. Second, the multigroup conﬁrmatory factor analysis conﬁrmed measurement invariance of g (Saggino et al., 2014) and, in addition, of the ﬁrst-order factors between male and female Italian elders.
Third, the MIMIC model conﬁrmed the relationship of education with
g in Italian elders. Therefore, our results agree with the experimental
ﬁndings of previous research wherein gender and education effects on
g were tested for adults where education showed a stronger effect on
intelligence than gender (Kaufman et al., 2009; Paolo & Ryan, 1994;
Portin et al., 1995).

The link between education and IQ is clearly demonstrated by much
research and, in particular, the relationships between grade attained,
school attendance, early school termination, late school onset, and IQ
(Ceci, 1991). According to Ceci (1991, p. 711), “the high correlations
between IQ and schooling are difﬁcult to account for on the basis of
genetic solution or any other explanation (e.g., motivational differences
or parental socioeconomic status), because these mechanisms appear
farfetched in many of the studies that were reviewed.” Therefore,
schooling can improve individual cognitive skills because it furnishes
relevant information, it trains people to concentrate on problems, and
it inculcates modes of cognition that are valued on intelligence tests
(Ceci, 1991). An alternative view is that people with higher IQs are
more successful in school and persist in the educational system, thereby
reversing the direction of the education–IQ relationship. True experiments, which would be impossible to conduct, would be required to
authoritatively determine the causal relationship of education and IQ.
However, natural experiments have shown that schooling affected IQ
(Brinch & Galloway, 2012; Cahan & Cohen, 1989). Recent research has
shown that a large proportion of the variance in school achievement is
independent of intelligence (Haworth, Asbury, Dale, & Plomin, 2011),
that standardized tests of achievement and intelligence measure are separate but highly related constructs (Kaufman, Reynolds, Liu, Kaufman, &
McGrew, 2012), and that early intelligence and later achievement are
partially independent (Ritchie & Bates, 2013). Additionally, it is probably
not reasonable to posit such a radical genotype by environment interaction (Manuck & McCaffery, 2014). Consequently, the bioecological
model of intelligence (Scullin, Peters, Williams, & Ceci, 2000) appears
to be the most reasonable explanation for the current results.
A limit of our study is that the relation between education and g
might have been affected by the combined effects of gender and social
and cultural behavior of individuals within the standardized sample of
older adults. It will be necessary to study the effect of education in samples containing different age ranges to test how education affects g from
youth to old age. Only in this way will it be possible to compare the kind
and size of education effects in elders to those of younger adults.
Another potential limit is that gender effects on g might also vary in
relation to sample characteristics. Therefore, it is important that future

Table 2
Mean and standard deviations (SD) of subtests scores and full scale IQ score (FSIQ) for different years of schooling and gender characteristics of Italian standardization sample for old age of
the WAIS-R.
Years of schooling
b5 Years

Gender
5 Years

N8 Years

8 Years

Females

Males

WAIS-R subtests and IQ

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Information
Digit span
Vocabulary
Arithmetic
Comprehension
Similarities
Picture completion
Picture arrangement
Block design
Object assembly
Digit symbol
FSIQ

7.80
8.32
8.27
8.59
8.35
8.41
8.04
8.61
8.31
8.56
7.84
88.08

1.97
2.62
2.41
2.69
2.60
2.48
2.40
2.17
2.46
3.00
2.25
9.95

9.71
9.91
9.21
9.75
9.35
9.51
9.77
9.76
9.79
9.75
10.19
97.96

2.48
2.68
2.64
2.72
2.57
2.59
2.58
3.04
2.63
2.75
2.84
11.76

11.47
11.05
11.49
10.93
11.22
11.15
11.30
10.85
10.88
10.93
11.43
108.13

2.45
2.60
2.43
2.67
2.86
2.87
2.72
2.78
2.76
2.75
2.47
12.31

13.55
12.32
13.84
12.76
13.05
13.50
12.67
11.92
12.36
11.93
12.66
119.50

2.47
2.33
2.06
3.01
2.91
2.57
3.13
2.80
2.75
2.86
2.37
11.97

9.21
9.68
9.73
9.17
9.49
9.79
9.46
9.59
9.42
9.45
9.66
96.67

2.89
2.84
3.05
2.81
2.95
3.03
3.02
2.78
2.88
3.07
3.02
14.83

10.84
10.35
10.20
10.92
10.31
10.26
10.50
10.28
10.44
10.43
10.60
103.32

2.76
2.91
3.03
2.94
3.12
3.04
2.91
3.07
2.83
2.88
2.91
14.46
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Table 3
Goodness-of-ﬁt indexes for testing measurement invariance between males and females
with multigroup conﬁrmatory analysis.
Model

χ2

RMSEA

TLI

CFI

ΔCFI

1. Conﬁgural invariance
2. Metric invariance
3. Scalar invariance
3a. Excluding arithmetic
intercept
4. Strict invariance

287.266
352.062
420.008
391.816

66
89
92
91

0.076
0.071
0.078
0.075

0.942
0.949
0.938
0.942

0.965
0.958
0.948
0.952

−0.007
−0.010
−0.006

452.675

101

0.077

0.939

0.944

−0.008

df

Note: model 3a is compared with model 2. ΔCFIs lower than −.01 are in bold types.

researchers try to disentangle the combination of cultural, social, and
educative effects from the genetic characteristics of people to obtain a
pure measure of the effects of individual genetic characteristics on g.
There is research that shows that external factors such as stress
(McEwen, 2010), skin massages (Guzzetta et al., 2009), or poverty
(Mani, Mullainathan, Shaﬁr, & Zhao, 2013) can affect cognitive functions.
3. Conclusions
In conclusion, the results of the present study suggest that the
strength of the relation between education and g is equivalent for
both males and females. In addition, these results conﬁrm that the measure of intelligence in older Italian adults obtained with the WAIS-R is
structured into three ﬁrst-order factors (verbal comprehension, perceptual organization, and memory/freedom from distractibility) and one
higher-order general factor, as shown in previous literature.
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