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ABSTRACT

Gender differences in the covariance structure and latent means of cognitive abilities across the adult life
span are explored. A multiply marked, six-factor measurement model examining 982 participants from the
Seattle Longitudinal Study tested gender and longitudinal invariance over 7 years. Substantive invariance
tests on the factor correlations were also examined. Longitudinal results for the entire sample indicated the
best fit was a partial invariance solution supporting time and gender invariance. Individual analyses
showed younger and middle age groups to be metrically invariant for all factor loadings as well as time and
gender invariance of factor variances and intercorrelations. A metric model also fit best for the older group,
although factor variances and intercorrelations only demonstrated gender invariance. Latent mean struc-
tures revealed gender differences with women outperforming men for Verbal Recall, and in younger and
middle age groups Perceptual Speed, whereas men consistently outperformed women for Spatial Orienta-
tion. Results demonstrate gender equivalence in covariance structures across the adult life span and within
separate age groups, and reveal gender differences and changes over 7 years in cognitive abilities at the

latent mean level.

Gender and age-related differences in intellec-
tual development have intrigued psychologists
for years. Numerous studies document gender
and age differences in the profile of cognitive
abilities, especially among children and adoles-
cents (e.g., Hyde & Linn, 1988; Linn & Peter-
sen, 1985, 1986; Maccoby & Jacklin, 1974).
However, systematic attention to gender differ-
ences in patterns of intellectual abilities across
adulthood remains sparse. The study of gender
differences in cognitive abilities should include
an examination of the covariance structure of the
abilities under consideration and mean level per-
formance differences between men and women.
Most research to date has examined the latter
while ignoring the former.

Schaie and Hertzog (1983) reported consis-
tent gender differences in observed means for
primary mental ability (PMA) performance.
Men outperformed women on space and number
factors, whereas women did better than men on
word fluency. The strong sex difference on spa-
tial ability is consistent with results found in
younger populations and corresponds with
Schaie’s earlier findings (Strother, Schaie, &
Horst, 1957) and those of others (Deaux, 1985;
Maccoby & Jacklin, 1974). More specifically,
meta-analyses of spatial ability tasks have
shown larger gender differences favoring men
for mental rotation tasks than for spatial percep-
tion or spatial visualization tasks (Linn & Peter-
son, 1985; Voyer, Voyer, & Bryden, 1995).
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Additionally, research has stressed the dimin-
ishing effect of gender differences and the
shrinking of the gender gap in other intellectual
skills (Feingold, 1988; Hyde & Linn, 1988).
Even so, some gender-related intellectual differ-
ences in level of performance have remained
(Feingold, 1988; Kaufman, Kaufman-Packer,
McLean, & Reynolds, 1991). Moreover, concern
has focused on the shrinking cohort and gender
differences in mean performance whereas little
attention has been directed toward changes in
the gender-specific latent structure of cognitive
abilities across the adult life span.

Hertzog and Carter (1982) systematically ex-
amined aging, gender, and cognitive abilities
using a structural equation framework. Four
generations were examined for gender differ-
ences. Isolating verbal and spatial intelligence
factors revealed substantial invariance in the
two-factor solution and supports similar intellec-
tual factor structures for men and women.
Hertzog and Carter (1982) noted group differ-
ences in factor means, with men outperforming
women on the spatial ability factor whereas no
mean level gender differences were observed on
the verbal performance factor. As a result, they
concluded that their results provided no support
for the differentiation of gender-related organi-
zation of cognitive abilities.

Kaufman et al. (1991) compared men and
women on the Wechsler Adult Intelligence Scale
— Revised (WAIS-R) to determine differences in
crystallized and fluid abilities. Covarying by
level of education, the authors concluded that
the patterns for fluid and crystallized intelli-
gence are similar for men and women. However,
men outperformed women on arithmetic for all
age groups. Consistent and substantial WAIS-R
gender differences were noted on Information,
Block Design, and Digit Symbol. Digit Symbol
results clearly favored women whereas men
generally performed better on Information and
Block Design. Both men and women maintained
their crystallized abilities through old age but
demonstrated rapid early decline in fluid ability.

Support for women’s superior performance in
verbal abilities over men has been widely re-
ported (e.g., Halpern, 1992; Hart & O’Shanick,
1993: Hyde & Linn, 1988). Furthermore, studies

have demonstrated gender differences favoring
women in word recall as a measure of episodic
memory (e.g., Schaie & Willis, 1993; Zelinski,
Gilewski, & Schaie, 1993). Herlitz, Nilsson, and
Bickman (1997) noted that women’s higher per-
formance in episodic memory tasks may be re-
lated to higher verbal abilities because reports of
memory performance employ verbal tasks. They
reported gender differences in episodic memory
favoring women despite controlling for verbal
fluency. Whereas they found gender differences
in episodic memory, no differences between
genders were found for measures of semantic
memory, primary memory, or priming.
Recently, a meta-analysis of 25 studies sup-

~ ported gender differences favoring women on

verbal episodic memory tasks, a nonsignificant
female advantage for verbal fluency, and male
advantages on spatial, primary working/working
memory, and tests of reasoning (Meinz &
Salthouse, 1998). The magnitude of gender dif-
ferences was quite small; however, spatial abili-
ties demonstrated the largest divergence be-
tween genders.

Hultsch, Hertzog, Dixon, and Small (1998)
examined gender differences in the Victoria
Longitudinal Study (VLS) from a variety of dif-
ferent perspectives. Cross-sectional analyses
showed men performed better on semantic mem-
ory measures and a higher order crystallized
intelligence factor, whereas women performed
better on episodic memory tasks. However,
whereas regressing age, gender, and education
onto cognitive factors in longitudinal models
demonstrated individual differences in the
amount of cognitive change occurring in later
adulthood, little evidence was found for gender
differences in the rate of change over a 6-year
period. Similarly, Zelinski and Burnight (1997)
reported no differential patterns of change in
memory as a function of gender when examining
16-year retest data from the Long Beach Longi-
tudinal Study.

Finally, a study of gender differences of ob-
served scores, latent structures, means, and vari-
ances of cognitive ability dimensions in a sam-
ple of adolescents provides a segue to the cur-
rent study. Whereas Rosén (1995) does not dis-
cuss modeling approaches in the terminology of
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factorial invariance put forth by Meredith and
others, equivalence of covariance structures and
latent mean gender differences were compared.
The pattern of gender differences for latent
means was quite discrepant from observed, sin-
gle-indicator, test scores. This finding provides
further support for the importance of examining
gender differences with multiply-marked, latent
factor analytic techniques.

The current study focused on the equivalence
of the covariance structure of adult cognitive
abilities over the adult life span, and gender dif-
ferences and change in mean level performance
of these latent abilities. A five-factor measure-
ment model of cognitive abilities was estab-
lished by Schaie, Willis, Jay, and Chipuer
(1989) and later modified to include a verbal
recall factor (Schaie, Dutta, & Willis, 1991).
This model was recently tested for age-group
and time invariance using six age/cohort groups
across a 7-year interval (Schaie, Maitland, Wil-
lis, & Intrieri, 1998). The six factors include: (a)
Inductive Reasoning, (b) Spatial Orientation, (c)
Verbal Comprehension, (d) Numerical Facility,
(e) Perceptual Speed, and (f) Verbal Recall. To
understand the similarities and differences be-
tween men and women, a confirmatory factor
analysis with nonzero latent means (Everson,
Millsap, & Rodriguez, 1991; Joreskog & Sor-
bom, 1979; Millsap & Everson, 1991) was used
to examine the cognitive abilities model.

Gender differences in the factor structures
suggest that the cognitive ability factors corre-
late differentially for men and women. Differ-
ences in the latent or common factor means indi-
cate the presence of ability-specific differences
between gender groups. Determining ability-
specific gender differences rather than compari-
sons of global intelligence was an important
component of the current study. Emphasis on
comparisons of individual latent factor mean

differences will help us to better understand

ability-specific differences between men and
women, and in separate age groups.

First, models examining 7-year longitudinal
gender comparisons are provided. Second, mod-
els testing the covariance structure for gender
differences and change within three age groups
are presented. Finally, accepted covariance

structures were extended and latent factor means
compared between gender groups. Latent factor
mean changes were examined longitudinally and
between age and gender groups.

The following questions are considered: (a)
How well does the six-factor measurement
model of cognitive abilities described by Schaie
and colleagues (1991, 1998) fit for men and
women? (b) What level of invariance does the
covariance structure fit best? (c) Do men and
women significantly differ in cognitive abilities
at the latent factor mean level? (d) Do gender
differences exist in the patterns of change in
cognitive abilities over 7 years? (e) What gender
differences exist, both in the covariance struc-
ture and for latent factor means, when younger,
middle, and older age groups of adults are exam-
ined?

METHOD

Participants

The Seattle Longitudinal Study (SLS) has exam-
ined adult cognitive functioning for approximately
40 years. Randomly sampled participants, who
were members of a health maintenance organiza-
tion in the Pacific Northwest and equally distrib-
uted by gender and age, were tested at 7-year inter-
vals (Schaie, 1996). Sample survivors were re-
tested and additional panels added at each study
phase. The sampling frame represents broadly dis-
tributed educational and occupational levels, cov-

. ering the upper 75% of the socioeconomic spec-

trum.

These data include 982 community-dwelling
individuals (442 men and 540 women) examined in
both the fifth SLS cycle (1983 - 1985) and the
sixth cycle (1990 - 1992) with an average time
interval of approximately 7 years. Average educa-
tional level was 14.7 years (SD = 3.0; Range: 1 -
20 years) and mean family income was $27,884
(SD = $6,484; Range: $1,000 - $50,000+). Occu-
pations were rated on a scale from O for unskilled
to 9 for professional occupations. Mean occupa-
tional level for gainfully employed individuals was
6.9 (SD = 1.87; Range: 0 - 9). Most frequent occu-
pations involved skilled trades, clerical sales, and
managerial and semiprofessional jobs (see Schaie,
1996).

The sample was divided into three age groups
defined as younger, middle, and older adults with
mean ages at time of first measurement of 35.5
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(range 22 — 49), 56.5 (range 50 — 63), and 75.5
(range 64 — 87) years respectively. Thus, there was
approximately 20 years difference in the mean age
between groups. There were 296 (men = 134,
women = 162) younger adults, 330 (men = 154,
women = 176) middle adults, and 356 (men = 154,
women = 202) older adults. Younger men had 15.9
years of education, slightly greater than one year
more than younger women (14.8 years) had. Mid-
die age group men had 15.2 years of schooling
compared to 14.2 years for women in this age
group. Finally, older men had 14.3 years of educa-
tion whereas older women had 13.7 years. Simi-
larly, men reported higher income than women for
all three age groups (younger: $31,630 vs.
$30,276; middle: $29.,840 vs. $28,154; older:
$25,540 vs. $21.868 respectively).

Measurement Variables

The original SLS battery administered to all study
waves includes the five PMA measures. The bat-
tery was expanded in 1984 to permit structural
analyses that require multiple measures to mark
each cognitive ability factor. The measures, the
primary ability that they mark, their sources, and
their test-retest correlations over a 2-week interval
for a group of 172 participants have been reported
elsewhere (Schaie et al., 1998; Schaie, Willis,
Hertzog, & Schulenberg, 1987). The test-retest
correlations ranged from .73 to .95, indicating sat-
isfactory reliability for all instruments. Under the
assumption of perfect stability of individual differ-
ences in the true scores, these correlations estimate
the reliability of the tests (Schaie & Hertzog,
1985). To the extent that individual differences are
not perfectly stable, these correlations underesti-
mate the marker’s reliability. A brief description of
the primary abilities and the measures marking
them is given below.

Inductive Reasoning

PMA Reasoning (Thurstone & Thurstone, 1949)
assesses inductive reasoning ability via letter se-
ries problems. Participants are shown a series of
letters and must select the next letter in the series
from 5 letter choices. The Adult Development and
Enrichment Project Test (ADEPT) Letter Series
test (Blieszner. Willis. & Baltes. 1981) also con-
tains letter series problems: however, some of the
problems involve pattern description rules other
than those found on the PMA measure. The Word
Series test (Schaie, 1985) parallels the PMA mea-
sure in that the same pattern description rule is
used for each item: however, the test stimuli are
days of the week or months of the year, rather than
letters. The Number Series test (Ekstrom, French,

Harman. & Derman, 1976) involves series of num-
bers and different types of pattern description rules
involving mathematical computations.

Spatial Orientation

Three of these tests (PMA Space, Object Rotation,
Alphanumeric Rotation) are multiple response
measures of two-dimensional mental rotation abil-
ity. Participants are shown a model line drawing
and asked to identify which of six choices shows
the model drawn in different spatial orientations.
Stimuli for the PMA Space test are abstract fig-
ures. The Object Rotation test (Schaie, 1985) and
the Alphanumeric Rotation test (Willis & Schaie,
1983) were constructed so the angle of rotation in
each answer choice is identical with the angle used
in the PMA Spatial Orientation test (Thurstone &
Thurstone, 1949). Tests vary in item content. Ob-

- ject Rotation involves drawings of familiar objects

and the Alphanumeric test contains letters and
numbers. Cube Comparison (Ekstrom et al., 1976)
requires the matching of degree of rotation for
three-dimensional cubes upon mental rotation.

Verbal Comprehension

All measures are multiple choice tests that require
selecting a synonym for a stimulus word from four
alternatives. Tests include the PMA Verbal Mean-
ing test (Thurstone & Thurstone, 1949), and levels
2 and 4 respectively from the Educational Testing
Services (ETS) Factor Reference Kit (Ekstrom et
al., 1976).

Numerical Facility

The PMA Number test involves checking simple
addition problems (Thurstone & Thurstone, 1949).
The Addition test (Ekstrom et al., 1976} involves
checking the accuracy of numerical summation of
problems. The Subtraction and Multiplication test
(Ekstrom et. al., 1976), requires calculating the
sums and products for alternate rows of simple
subtraction and multiplication problems.

Perceptual Speed

All perceptual speed measures come from the ETS
Factor Reference Kit (Ekstrom et al., 1976). Find-
ing As involves the cancellation of the letter a in
columns of words. Picture Identification requires
finding the match among five simple test figures to
a stimulus figure. Number Comparison involves
comparing two sets of eight digit numbers and
marking those pairs that are not identical.

Verbal Recall
The Immediate Recall task requires participants to
study a list of 20 words for 3.5 minutes. They are
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then given an equal period of time to recall the
words in any order. Delayed Recall requires recall-
ing the Immediate Recall words after an hour of

continued testing.

Statistical Analysis Procedures
Models were tested using LISREL 8 (Joéreskog &
Sérbom, 1996). Factor structure hypotheses were
tested at three levels of stringency: (a) configural
invariance permitted similar factor patterns
whereas differences in factor loadings (lambda)
and factor variances and covariances (psi) between
groups and over time were allowed; (b) metric
invariance, implying no difference between the
factor loadings and pattern (lambda) constrained
between groups, over time, or constrained simulta-
neously between groups and over time; and (c)
invariance of factor intercorrelations, with no dif-
ferences between the factor loadings and patterns
(lambda), and constraining the factor variances and
covariances (psi) between groups, over time, or
both. Table 1 provides a schematic diagram of the
appropriate model constraints to test these models.
Elements of the factor loading (LY) and factor
intercorrelation (PSI) matrices are either allowed
to be freely estimated (FR) or constrained to be
invariant (IN) across gender, time, or both gender
and time as prescribed for each model.
Additionally, if metric invariance of all factor
loadings was not accepted, tests of partial mea-
surement invariance were employed. Partial
invariance implies that some, but not all, of the
configurally invariant items have equivalent metric
factor loadings (Byrne, Shavelson, & Muthén,

1989). Tests of partial measurement invariance
were conducted on the individual markers (factor
loadings) upon rejection of the hypothesis positing
all factor loadings to be equivalent. Items that were
demonstrated to be equivalent were constrained
across groups or over time, whereas loadings
which were significantly different between groups
or over time were allowed to vary freely. This ap-
proach allows researchers to identify which items
have variability in measurement properties and to
adjust statistical analyses for these differences (see
Byme et al., 1989; Schaie et al., 1998).

The current analyses tested the six-factor cogni-
tive abilities model as a repeated measures factor
model for panel data (Alwin, 1988; Joreskog,
1979). Analyses used the variance-covariance ma-
trix, with results of the final models reported as
standardized estimates for ease of interpretation.
Models were scaled by fixing the best marker for
each factor to 1.0 in the pattern matrix (LY). The
same item was used to scale each factor for both
genders and across time. A 40 x 40 matrix of Time
1 (1984) and Time 2 (1991) scores, containing the
same 20 cognitive measures comprising six factors
for each occasion, was used to examine longitudi-
nal analyses. The longitudinal model accounted for
autocorrelation of the residuals because repeated
measures of the same scales were used (Sérbom,
1975; Wiley & Wiley, 1970). Additionally, once
the level of factorial invariance was established,
latent mean structures were examined to determine
gender differences and change over 7 years. Meth-
ods described by Byrne (1998) and Schaie et al.
(1998) were employed to test these relationships.

Table 1. Comparison of Model Constraints for Longitudinal Analyses.

Factor Loadings (LY) Factor Variances — Covariances (PSI)

Model Gender Time Gender Time
Configural invariance

CF FR FR FR FR
Metric invariance

M1 FR IN FR FR

M2 IN FR FR FR

M3 IN IN FR FR
Invariance of factor variances and correlations

PSI1 IN IN FR IN

PSI2 IN IN IN FR

PSI3 IN IN IN IN

Note. M1 and M2, and PSI1 and PSI2, are not nested models. LY = Lambda-Y matrix of factor loadings in
LISREL: PSI = PSI matrix of factor variances and covariances in LISREL; CF = configural invariance model;
M1-M3 = metric invariance models; PSI1-PSI3 = invariance of factor variances and correlations models; IN =

invariance constraint; FR = freely estimated.
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Comparative fit statistics

Model fit was evaluated by seeking consensus
across an array of multiple fit criteria: (a) x°; chi-
square is sensitive to sample size and departures
from normality (James, Muliak, & Brett, 1982); (b)
Goodness of Fit Index (GFI; Joreskog & Strbom,
1989); (c) Non-Normed Fit Index (NNFL; Bentler
& Bonnett, 1980); (d) Comparative Fit Index (CFI;
Bentler, 1990); (e) Root Mean Square Error of Ap-
proximation (RMSEA; Steiger, 1990; Steiger &
Lind, 1980); and (f) Z-Ratio (Bollen, 1989). Incre-
mental fit indexes supply information of practical
significance in which statistically significant ef-
fects may be evaluated for their usefulness in ex-
plaining the data.

The NNFI is useful in confirmatory factor stud-
ies to compare the fit of a proposed model to the fit
of a null model where all the variables are assumed
to be uncorrelated. Values less than .9 indicate that
the model may be substantially improved. The CFI
is a robust measure of comparative fit with values
ranging from 0 - 1.0, with values closer to 1.0 sug-
gesting a better fitting model. The GFI is a mea-
sure of the relative amount of variances and
covariances accounted for by the model (Jéreskog
& Sorbom, 1989). RMSEA provides a measure of
discrepancy per degree of freedom of the model.
The lower limit of RMSEA is 0 and is equivalent
to a perfect fitting model. Values less than or equal
to .08 are considered a good fit of the model rela-
tive to its degrees of freedom (Browne & Cudek,
1993). Finally, the Z-Ratio assesses how large the
chi-square estimate is compared to the expected
value (the degrees of freedom; Bollen, 1989).
Opinions on what represent “‘good” fit range from
ratios of 3 or lower (Carmines & Mclver, 1981) to

a high of 5.

Table 2. Comparison of Longitudinal (L) Gender Models.

The chi-square difference test (Ay*; Joreskog &
Sorbom, 1989) was used as a basis for comparing
nested models. If the Ax> was large compared to
the degrees of freedom and evaluated against the
critical value of chi-square, the null hypothesis of
no significant differences between models was re-
jected. The critical value used for all comparisons

was p < .01.

RESULTS

Longitudinal Measurement Models
Longitudinal models tested 7-year age-related
change and longitudinal change in the pattern of
gender differences in the covariance structures.
To test for metric invariance of factor loadings,
three models were considered. The first tested
the hypothesis of time invariance of factor load-
ings. Next, gender invariance of the factor load-
ings was tested. Finally, a simultaneous test of
invariance between genders and across time was
examined. See Table 2 for comparative fit in-
dexes for these models.

The configural model (L1) allowed factor
loadings to be freely estimated for both gender
and occasion (x*= 2328.81, df = 1296, p < .001,
GFI = .894, CFI = .975). Model L2 tested time
invariance, constraining factor loadings across
occasion and estimating loadings separately for
men and women (x* = 2371.03, df = 1330, p <
.001, GFI = .892, CFI1 = .975; Ax* =42.21,df =
34, p > .16). Comparing the time invariance
model to the configural model allowed us to ac-

Model df v P GFI RMSEA NNFI CFl  Z-Ratio
L1 Configural 1296 2328.81 .001 .89 .029 .97 .98 1.80
L2 Time invariant LY 1330  2371.03 .001 .89 .028 97 .98 1.78
L3 Gender invariant LY 1330  2396.18 .001 .89 .029 .97 .97 1.80
L4  Partial gender invariant LY 1328 2373.13 .001 .89 .028 .97 97 1.79
L5 L4+ time invariant LY* 1346  2390.97 .001 .89 .028 97 .97 1.78
L6 Time invariant PSI 1388  2627.03 .001 .88 .030 .97 97 1.89
L7 Gender invariant PSI® 1424 2478.83 .001 .89 .028 97 97 1.74
L8 Metric invariant PSI 1445 2690.84 .001 .88 .030 .97 97 1.86
Means Models

L9 L7_means over time 1452  2586.44 .001 .89 .028 97 .97 1.78
L10 L7_means gender differences 1452 2870.85 .001 .88 - .032 .96 97 1.98

Note. GFI = LISREL Goodness of Fit Index: RMSEA = Root Mean Square Error of Approximation: NNF.
Ratio = x¥df, LY = factor loadings; PSI = factor variances and intercorr

st fitting model. "Model L7 accepted for substantive hypotheses.

Index: CFI = Comparative Fit Index: Z-
“Metric Model L5 was selected as the be:

1= Non-Normed Fit
elations.
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cept the hypothesis of time invariance of factor
loadings within gender groups. Model (L3) esti-
mated the factor loadings freely across occasion
while testing the hypothesis of gender
invariance of factor loadings (x> = 2396.18, df =
1330, p < .001, GFI = .890, CFI = .974; Ay =
67.36, df = 34, p < .001). The test of gender
invariance was rejected when comparing this
model to the configural model. Because time
invariance was considered tenable, and gender
invariance was not, we evaluated individual gen-
der constraints for all cognitive tests at both
time points. The only significant gender differ-
ences noted for the 20 cognitive tests were for
the Cube Comparison task at Time 1 (z =—4.88)
and at Time 2 (z = -3.78). Therefore, relaxing
the equality constraint for the Cube Comparison
test between genders, at both time points, pro-
vided our test of partial measurement invariance
(L4). This model was compared to the
configural measurement model and found to
have acceptable fit (x> = 2373.13, df = 1328, p <
.001, GFI = .892, CFI = .974; Ax?=44.32, df =
32, p > .07). With the ability to accept the par-
tially invariant model, we next tested a model
adding the longitudinal equivalence of factor
loadings. This partially invariant model (L5)
tested the hypothesis of simultaneous invariance
of factor loadings between genders and across
time (x* = 2390.97, df = 1346, p < .001, GFI =
.891, CFI = .974; Ay? = 62.16, df = 50, p > .12)
and was tenable. Therefore, the best fitting lon-

gitudinal measurement model proved to be L5, -

with gender and time invariance of all loadings
for the cognitive tasks across 7 years with the
exception of gender differences in the Cube
Comparison task.

Additional tests of substantive hypotheses
concerning the factorintercorrelations were con-
ducted. Three models were tested. The first
model (L6) added constraints to the accepted
partial invariance model to examine time
invariance of the factor correlations. The hy-
pothesis of time invariance of factor inter-
correlations was rejected (x> = 2627.03, df =
1388, p < .001, GFI = .879, CFI = .970; Ay’ =
236.06, df =42, p < .001). Model L7 tested gen-
der equivalence of the factor intercorrelations
whereas time invariance constraints were re-

moved (x* = 2478.83, df = 1424, p < .001, GFI =
.887, CFI = .974; Ax*> =87.86,df=78,p > .21),
and this model was accepted. A test of gender
and time invariance of all factor correlations
was also examined and rejected (L8: ¥° =
2690.84, df = 1445, p < .001, GFI=.876, CFI =
.969; Ay? =299.87, df = 99, p < .001). In sum.
the best fitting measurement model for gender
across the adult life span was L5, a partially in-
variant model. We were also able to accept the
hypothesis of gender invariance of the factor
intercorrelations, although the hypothesis of
equal factor interrelationships across 7 years
was rejected (L7). Standardized factor loadings
for Model L6 are provided in Table 3. All factor
loadings were constrained to be equivalent be-
tween genders and across time, with one excep-
tion. The cube comparison loading was esti-
mated freely between genders but maintained
longitudinal invariance. Loadings are presented
separately for genders for cube comparison:
women = .500, men = .699. Table 4 contains
factor intercorrelations and stabilities, and
cross-correlations between the 1984 and 1991
factors are presented in Table 5.

With substantial gender and time equivalence
of the factor model established across the adult
life span, we next investigated gender differ-
ences within three distinct age groups to deter-
mine whether differential patterns of gender dif-
ferences exist in adult cognitive abilities.

Younger Group

The configural model (Y1) freely estimated fac-
tor loadings for both gender and occasion (3’ =
1695.37, df = 1296, p < .001, GFI =.778, CFl =
.959). The fit of this model was acceptable and
more stringent models were examined. The first
metric model (Y2) tested time invariance of fac-
tor loadings across occasion, also estimating
loadings freely for men and women (x> =
1735.60, df = 1330, p < .001, GFI=.774, CFI =
.959; Ax* =40.83, df = 36, p > .26). The hypoth-
esis of time invariance of factor loadings within
gender groups was accepted. A test of gender
invariance of factor loadings, Model Y3, al-
lowed the factor loadings to be freely estimated
across occasion (x> = 1749.71, df = 1330, p <
.001 GFI = .770, CFI = .957; Ay* = 55.03, df =
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Table 3. Standardized Factor Loadings for the Accepted Partial Invariance Gender Model.

Spatial Verbal Numeric  Perceptual Verbal

Inductive
Orientation  Comprehension Facility Speed Recall

Variable Reasoning

PMA Reasoning 852
ADEPT Leuter Series 791
Word Series 811
Number Series .660

796

.832

.800
.500 - .699*

PMA Space

Object Rotation
Alphanumeric Rotation
Cube Comparison
PMA Verbal Meaning 455 563

ETS Vocabulary .788

Advanced Vocabulary .849

Word Fluency 34 406

PMA Number ] .807

Addition 914

Subtraction and Multiplication .837

Identical Pictures 770

Number Comparison 225 532

Finding As 498

Immediate Recall .835
Delayed Recall .838

ETS = Educational Testing Services Kit of Factor Referenced Tests; ADEPT =

st. All factor loadings are significant at p < .01.
500, Men = .699). % (1424, Women = 540, Men = 442) =

Note. PMA = Primary Mental Abilities Test:
Adult Development and Enrichment Project Te
*Cube comparison freely estimated between genders (Women =

2478.83, GFI = .89, CFl = .97.

957; Ay? = 69.80, df = 54, p > .07). The best
fitting longitudinal measurement model (Y4)
demonstrated that all factor loadings for the cog-
nitive tasks for our young-old adults were gen-
der and time invariant.

36, p > .02) and gender invariance of the factor
loadings for all six factors was accepted for the
young age group. Metric Model Y4, simulta-
neous invariance of factor loadings between
genders and across time, was also accepted 3=
1764.44, df = 1347, p < .001, GFI=.770, CFl =

Table 4. Factor Correlations, Stabilities, and Variances for Accepted Longitudinal Gender Model.

IR SO vC NF PS VR Opimer Oime2
IR 963 .706 415 430 .829 540 32.86 39.27
SO J79* 918 170 .264 127 .383 117.20° 14541
vC 451 235 978 229 .184 344 33.92 34.91
NF 5218 4112 264 . 940 423 190 23173 24291
PS 858  .820°  .262 554* 960 562 37.98°  56.12°
VR .648° .538* 407 .323° .683 791 18.03 21.17

Note. IR = Inductive Reasoning; SO = Spatial Orientation; VC = Verbal Comprehension; NF = Numeric Facility;
PS = Perceptual Speed; VR = Verbal Recall; 0.= Factor variance. Values above diagonal are 1984. Values below

diagonal are 1991. Underlined values indicate factor stabilities.
“Factor correlations that changed across time. YFactor variances that changed across time.
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Table 5. Cross-Correlations for 1984 and 1991 Cognitive Factors.

IR ’91 SO 91 VC -’91 NF ’91 PS *91 VR 91
IR'8% e 727 475 514 779 588
SO "84 691 . 246 345 .689 446
vC’84 .359 .134 .202 .146 .308
NF ’84 .383 .260 239 .. 374 181
PS *84 .849 793 274 528 . .659
VR ’84 .554 439 402 .283 558 ..

Note. IR = Inductive Reasoning; SO = Spatial Orientation; VC = Verbal Comprehension; NF = Numeric Facility;

PS = Perceptual Speed; VR = Verbal Recall.

Additional tests of substantive hypotheses
concerning the factorintercorrelations were con-
ducted. Three models examining the latent fac-
tor space were tested. The first model (Y5)
maintained equality constraints of the factor
loadings (lambda) between gender groups and
over time and the hypothesis of time invariance
of factor intercorrelations (psi) was examined
(x? = 1827.48, df = 1389, p < .001, GFI=.760,
CFI = .955; Ax® = 63.02, df = 42, p > .01) and
accepted. Gender equivalence of the factor
intercorrelations with relaxed constraints on
time invariance was also found to be plausible
(Y6: x? = 1849.24, df = 1425, p < .001, GFI =
762, CFI = .957; Ay> =84.75,df =78, p > .28).
Finally, a test of simultaneous gender and time
invariance of the factor variance/covariance ma-
trix (Y7: x* = 1880.15, df = 1446, p < .001, GFIT
= 755, CFI = .956; Ax* = 115.65, df =99, p >
.12) also proved tenable. Therefore, the substan-

tive hypothesis of gender and longitudinal sta-
bility of the relationships between the six cogni-
tive factors was supported. A metric invariance
model (Y4) was accepted as the best fitting mea-
surement model for our young adult age group,
and support for additional constraints on the re-
lationships between factors was also found xYmn.
Summaries of model fit for the young adult
group are provided in Table 6.

Middle Age Group

Configural Model M1 estimated factor loadings
freely for both gender and occasion o2 =
1642.83, df = 1296, p < .001, GFI = .800, CFI =
.969). Metric Model M2 tested time invariance
and freely estimated loadings between genders
(x* = 1685.98, df = 1330, p < .001, GFI=.796,
CFI = .969; Ay? = 48.07, df = 36, p > .08). Time
invariance of factor loadings was accepted. Gen-
der invariance of factor loadings, Model M3,

Table 6. Comparison of Longitudinal Gender Models for Younger (Y) Age Group.

Model df $ p GFI RMSEA NNFI CFI Z-Ratio
Y1 Configural 1296 169537 .001 .78 . .032 95 .96 1.31
Y2 Time invariant LY 1330 1735.60 .001 17 .032 95 .96 1.30
Y3 Gender invariant LY 1330 1749.71  .001 77 .033 .95 .96 1.32
Y4 Metric invariant LY 1347 176444 .001 77 .033 .95 .96 1.31
Y5 Time invariant PSI 1389 182748 .001 .76 .033 .95 .96 1.32
Y6 Gender invariant PSI 1425 184924  .001 .76 032 95 .96 1.30
Y7 Metric invariant PSI* 1446 1880.15 .001 .76 032 95 96 1.30
Means Models

Y8 Y7_means over time 1474 194544 001 .76 .033 95 95 1.32
Y9 Y7_means between genders 1474  2003.85 .001 .78 .035 94 95 1.36

Note. GFI = LISREL Goodness of Fit Index; RMSEA = Root Mean Square Error of Approximation; NNFI = Non-Normed Fit
Index; CFI = Comparative Fit Index; Z-Ratio = y2/df; LY = factor loadings; PSI = factor variances and intercorrelations.

“Metric Model Y7 was selected as the best fitting model.
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freely estimated factor loadings across occasions
(x* = 1683.99, df = 1330, p < .001, GFl = .796,
CFI = .969; Ax? = 48.10, df = 36, p > .08) and
gender invariance of the factor loadings was
accepted for the middle age group. Model M4
tested gender and time invariance of factor load-
ings (x2 = 1708.85, df = 1347, p < .001, GFI1=
793, CFI = .968; Ax® = 73.09, df = 54, p > .04).
This model demonstrated gender and time in-
variant factor loadings for all cognitive tasks
and was accepted as the best fitting measure-
ment model for the middle age group.

Model M5 tested equivalence of factor corre-
lations across time, and values were freely esti-
mated between genders (x* = 1765.39, df =

1389, p < .001, GFI = .788, CFI = .967; Ax* =

56.91, df = 42, p > .06). The test of gender
equivalence of the factor space relaxed the time
invariance constraint (M6: x> = 1803.19, df =
1425, p < .001, GFI = .778, CFI = .967; Ax? =
94.57, df = 78, p > .09) and was accepted. Fi-
nally, both gender and time equivalence of the
factor correlation matrix was examined (M7: ¥
= 1826.48, df = 1446, p < .001, GF1=.777, CFI
= .964; Ax? = 118.06, df = 99, p > .09). As with
the younger age group, the substantive hypothe-
sis of gender and longitudinal stability of the
relationships between the six cognitive factors
was supported in the middle age group. Metric
invariance Model M4 was accepted as the best
fitting measurement model for our 50— 63 year-
old adults. Furthermore, additional gender and
time constraints on the factor space were also
supported. Therefore, metric Model M7 was

accepted as best fitting for the middle age group.
Information about model fit for the middle age
group adults is found in Table 7.

Older Group

Configural Model Ol fit well for the older age
group (x*= 1715.39, df = 1296, p < .001, GFI =
804, CFI = .969). Metric Model 02, time
invariance of factor loadings, was also accepted
(x% = 1756.55, df = 1330, p < .001, GFI = 799,
CFI = .969; Ax? = 41.90, df = 36, p > .23). Gen-
der invariance of factor loadings, tested in
Model O3, also provided nonsignificant decre-
ment in model fit (x* = 1758.29, df = 1330, p <
1001, GFI = .798, CFI = .969; Ax? = 42.79, df =
36, p > .20). Finally, Model O4, gender and time
invariance of factor loadings, was also accepted
(x% = 1786.28, df = 1347, p < .001, GF1= 795,
CFI = .968; Ax? = 79.97, df = 54, p > .06). The
gender and time invariant Model 04 was ac-
cepted as the best fitting measurement model for
the older participants.

Model OS5 tested time invariance of factor
correlations, and values for men and women
were freely estimated (x> = 1872.04, df = 1389,
p < .001, GFI=.787, CFI = .965; Ay® = 85.45,
df = 42, p < .001). A lack of time invariance in
the factor intercorrelations for our oldest age
group was noted. However, gender equivalence
Model 06 of the factor space was accepted 2=
1874.71, df = 1425, p < .001, GF1 =789, CFI =
967; Ay? = 87.93, df = 78, p > .20). Finally, the
hypothesis of gender and time equivalence of
the factor correlation matrix was also rejected

Table 7. Comparison of Longitudinal Gender Models for Middle (M) Age Group.

Model df v GFl RMSEA NNFI  CH Z-Ratio
M1 Configural 1296 1642.83  .001 .80 .028 .96 97 1.27
M2  Time invariant LY 1330 1685.98  .001 .80 .029 .96 97 1.27
M3  Gender invariant LY 1330 1683.99 .001 .80 .029 .96 97 1.27
M4  Metric invariant LY 1347 1708.85 .001 79 .029 .96 97 1.27
M5  Time invariant PSI 1389 1765.39  .001 79 .029 96 97 1.27
M6  Gender invariant PSI 1425 1803.19 .001 .78 .028 96 97 1.27
M7  Metric invariant PST 1446 1826.48 .001 .78 .028 .96 97 1.26
Means Models
M8 M7_means over time 1474 191542  .001 77 .030 .96 .96 1.30
2028.66 .001 77 .034 95 95 1.38

M9 M7_means between genders 1474

Note. GFI = LISREL Goodness of Fit Index; RMSEA = Root Mean Square Error of Approximation: NNFI = Non-Normed Fit
Index; CFI = Comparative Fit Index; Z-Ratio = ¥/df; LY = factor loadings; PSI = factor variances and intercorrelations.

“Metric Model M7 was selected as the best fitting model.
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(07: x2 = 1939.92, df = 1446, p < .001, GF1=
782, CFI = .964; Ay® = 153.17,df = 99, p <
.001). Differing from the young and middle age
groups, gender but not time invariance of the
factor intercorrelations was accepted for our 64
— 87 year-old adults. As in younger groups, met-
ric invariance Model O4 was accepted as the
best fitting measurement model; however, dif-
ferences were noted in the longitudinal factor
space for the oldest group. Therefore, metric
Model O6, demonstrating gender invariance and
a lack of time invariance between latent factors,
was accepted as best fitting for the oldest age
group. A summary of model fit for the older age
group is provided in Table 8. Standardized fac-
tor loadings are presented for all three age
groups in Table 9. Table 10 provides standard-
ized factor intercorrelations for all three age
groups. The younger and middle age groups
were gender and time invariant, whereas the
older participants’ factor correlations only dem-
onstrated gender invariance. Note that 14 of 15
factor intercorrelations were larger at the second
time point for the older group; however, only 3
statistically significant increases, all involving
Perceptual Speed, were found (Spatial Orienta-
tion — Perceptual Speed, Numerical Facility -
Perceptual Speed, Perceptual Speed — Verbal
Recall). Factor variances and stabilities for all
age group models are provided in Table 11.
Whereas factor variances were stable across

time in the younger and middle age groups, in-

creased factor variances were noted for the old-
est participants; however, variability of percep-

tual speed was the only statistically significant
increase.

Latent Means Model Extensions

Models accepted as best fitting for the co-
variance structures have been described above
for longitudinal and multiple-group analyses.
Whereas these models demonstrate the equi-
valence of measurement properties of the factor
model, these analyses provide no information
about gender differences and longitudinal
change for the six cognitive abilities. Therefore,
means from the observed measures were added
to the accepted covariance structures to estimate
latent mean gender differences and change over
7 years. For the alpha matrices ¢ values provided
by LISREL were used to determine statistically
significant differences. Significance level for all
latent factor mean comparisons was  2.58, p <
0L

Between Gender Latent Mean Differences

The accepted longitudinal measurement model
from the overall gender comparison (partial in-
variant Model L7) was extended to estimate la-
tent factor means. Between group variation was
tested by setting alpha values for all estimated
cognitive ability factors to zero for women.
Scores for men are estimated as deviation val-
ues, using women as a reference group. It should
be noted that intercepts are freely estimated for
each time point but are constrained to be equiva-
lent between gender groups. Table 12 provides
the mean deviation values (alphas), standard

Table 8. Comparison of Longitudinal Gender Models for Older (O) Age Group.

Model df 'a GFi RMSEA NNFI  CH Z-Ratio
01 Configural 1296 171540  .001 .80 030 .96 97 1.32
02  Time invariant LY 1330 1756.55  .001 .80 .030 .96 97 1.32
03  Gender invariant LY 1330 1758.29  .001 .80 .030 .96 97 1.32
04  Metric invariant LY 1347 1786.28 .001 .80 .030 .96 97 1.33
05 Time invariant PSI 1389 1872.04 .001 .79 031 96 97 1.35
06  Gender invariant PSI® 1425 187471  .001 .79 030 .96 97 1.32
07  Metric Invariant PSI 1446 1939.92 .001 .78 .031 96 96 1.34
Means Models

08 O6_means over time 1453 1948.04  .001 .79 .031 .96 .96 1.34
09  O6_means between genders 1453 1993.97 .001 79 .032 96 96 1.37

Note. GFI = LISREL Goodness of Fit Index; RMSEA = Root Mean Square Error of Approximation; NNFI = Non-Normed Fit
Index; CFI = Comparative Fit Index; Z-Ratio = y3/df: LY = factor loadings: PSI = factor variances and intercorrelations.

sMetric Model O6 was selected as the best fitting model.
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Table 9. Standardized Solutions for Age by Gender Analyses.

Factors/Variables Younger Middle Older
Inductive Reasoning

PMA Reasoning N 814 823
ADEPT Letter Series 731 .753 733
Word Series 136 722 .789
Number Series .543 639 .630
Spatial Orientation

PMA Space -.785 .755 .783
Object Rotation .768 .786 .830
Alphanumeric Rotation .665 132 a1
Cube Comparison 517 .350 A58
Verbal Comprehension

PMA Verbal Meaning .609 .509 365
ETS Vocabulary .796 757 797
Advanced Vocabulary 832 344 .863
Word Fluency .359 364 350
Numerical Facility

PMA Number .786 .810 .820
Addition 926 919 900
Subtraction + Multiplication .826 .806 .867
Number Comparison 157 171 256
Perceptual Speed

Identical Pictures .507 .565 .686
Number Comparison .506 .460 464
Finding As 552 494 .565
Word Fluency 332 288 318
PMA Verbal Meaning 225 453 .589
Verbal Recall

Immediate Recall 797 .828 .832
Delayed Recall .798 .796 .810

errors, and information concerning statistically
significant gender differences for the six cogni-
tive abilities for 1984 and 1991 respectively.

Significant gender differences in latent factor
means were noted for Spatial Orientation and
Verbal Recall factors at both time points.
Women did significantly worse than men on
Spatial Ability and outperformed men on Verbal
Recall. The pattern for 1991 was similar al-
though the difference in Spatial Ability dimin-
ished and a slightly larger deviation was noted
between genders for Verbal Recall. Figure 1
displays similar deviation patterns for both time
points.

Longitudinal Change in Latent Means
Changes in latent factor means were calculated
by fixing the values for all 1984 latent means to

zero to serve as a reference point. This model
estimates values for 1991 latent means as devia-
tion scores between 1984 and 1991. For the fac-
tor change scores ¢ values are plotted and repre-
sent ability-specific mean-level change between
1984 and 1991. Figure 2 illustrates these devia-
tion values. Estimated 7 values for within-group
change (Table 13) show that both men and
women experienced significant latent mean de-
clines for the Spatial Orientation, Inductive Rea-
soning, Numerical Facility, and Perceptual
Speed constructs. Verbal Comprehension and
Verbal Recall performance remained stable for
both men and women.

Gender Differences in Latent Means by Age

Group .
A consistent pattern of gender differences was
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Table 10. Rescaled Factor Intercorrelations for Age by Gender Analyses.
Younger Middle Older Older
Factors (Invariant) (Invariant) 1984 1991
Inductive Reasoning/Spatial Orientation 554 587 597 710
Inductive Reasoning/Verbal Comprehension 368 .543 .636 .634
Inductive Reasoning/Numerical Facility 472 442 528 .593
Inductive Reasoning/Perceptual Speed 715 .693 772 .841
Inductive Reasoning/Verbal Recall .308 382 532 .621
Spatial Orientation/Verbal Comprehension .057 259 299 .380
Spatial Orientation/Numerical Facility 255 304 301 462
Spatial Orientation/Perceptual Speed 515 .555 .671% .793*
Spatial Orientation/Verbal Recall 216 119 355 490
Verbal Comprehension/Numerical Facility .149 176 .337 .385
Verbal Comprehension/Perceptual Speed .198 353 364 459
Verbal Comprehension/Verbal Recall 344 414 435 523
Numerical Facility/Perceptual Speed .583 551 .619° .740°
Numerical Facility/Verbal Recall .095 135 319 444
474 .336 .492° .631*

Perceptual Speed/Verbal Recall

alndicates correlations that differed between time points.

found across the three age groups. Men per-
formed at a higher level for Spatial Orientation
in all three age groups, and at both time points.
Women outperformed men on Verbal Recall for
all age groups and at both occasions. Women in
the younger group performed significantly better
than younger men in Perceptual Speed in 1991
only. Middle-aged women performed signifi-
cantly better than middle-aged men in Percep-
tual Speed for both 1984 and 1991. In contrast,
gender differences for Perceptual Speed were
absent in the oldest group (see Table 12).

Longitudinal Change in Latent Means by Age
Group

Younger group

Models assessing 7-year changes in latent factor
means are summarized in Table 13. Overall
trends for the younger group showed a pattern of
either stability or improvement in performance
over time. Younger women improved on Induc-
tive Reasoning and Verbal Comprehension
whereas younger men did better in Spatial Ori-
entation and Verbal Comprehension. No statisti-
cally significant decline on any latent factor was
noted for either gender in the youngest group.

Table 11.  Factor Variances and Stabilities for Cohort by Gender Analyses.
Factors Younger Middle Older
o Stability Stability Orimel OTime2 Stability

Inductive Reasoning 18.38 .967 24.35 .967 25.06 27.76 932
Spatial Orientation 79.96 .954 86.88 .881 111.65 123.74 .859
Verbal Comprehension 31.24 995 34.10 998 35.98 39.35 970
Numerical Facility 235.36 976 203.71 955 220.30  251.86 .929
Perceptual Speed 11.46 980 14.88 .893 18.94 28.13* .899
Verbal Recall 13.35 721 14.25 739 13.89 16.65 731

Note. ¢ = factor variance.
agtatistically significant increase in factor variance.



GENDER DIFFERENCES IN COGNITIVE ABILITIES 45

Table 12. Mean Deviation Values, Standard Errors, and ¢ Values for Gender Differences Models.

Inductive Spatial Verbal Numerical Perceptual Verbal
Group Reasoning Orientation ~ Comprehension Facility Speed Recall
All Subjects 1984
Alpha .030 5.338" 571 1.378 -1.000 —1.454°
Standard Error (.381) (.729) (.395) (1.016) (.441) (.283)
t value .079 7.323 1.444 1.357 -2.267 -5.136
All Subjects 1991
Alpha -.134 5.248° 315 732 -1.043 -1.610°
Standard Error (.412) (.799) (.398) (1.033) (511) (.306)
t value -362 6.570 791 .708 -2.042 -5.254
Younger 1984
Alpha 161 4.492° .187 634 -1.156 -1.348°
Standard Error (.538) (1.147) (.694) (1.862) .471) (.449)
t value 298 3.918 269 341 -2.455 -3.000
Younger 1991
Alpha -.162 4.869° 179 412 -1.245° -1.354°
Standard Error (.530) (1.140) (.682) (1.842) (.460) (.456)
t value -307 4273 263 224 -2.703 -2.971
Middle 1984
Alpha -.013 4.780° 1.149 2.084 -1.395° -1.166°
Standard Error (.573) (1.133) (.681) (1.648) (.500) (.446)
t value -.022 4.220 1.687 1.265 -2.787 -2.613
Middle 1991
Alpha 141 5.562% .804 2.008 -1.343° -1.816°
Standard Error (.570) (1.130) (.682) (1.640) (.495) (.451)
t value 247 4.921 1.178 1.224 -2.713 —4.026
Older 1984
Alpha -.720 5.292° .281 802 -1.225 -2.003°
Standard Error (.566) (1.222) (.675) (1.658) (.532) (.423)
t value -1.272 4.331 417 483 -2.302 -4.730
Older 1991
Alpha ~1.153 3.749° -.254 -1.316 -1.349 -1.987°
Standard Error (.593) (1.267) (.701) (1.756) (.618) (.459)
t value -1.944 2.959 -.362 -.749 -2.182 -4.328

Note. ¢ values less than + 2.58 are not statistically significant.

*Positive significant values indicate gender differences favoring men. ®Negative values demonstrate women performing better

than men.

Middle group

Men’s cognitive abilities remained stable except
for statistically significant declines in Numerical
Facility and Perceptual Speed. In contrast, only
Verbal Recall remained stable over 7 years for
women, and declines in Inductive Reasoning,
Spatial Orientation, Numerical Facility, and Per-
ceptual Speed were noted. Conversely, middle-
aged women showed significant improvement
on Verbal Comprehension.

Older group

Older participants declined on all latent cogni-
tive factors with one exception, Verbal Compre-
hension for older women. In summary, clear
patterns emerged showing both gender differ-
ences and longitudinal change in latent factor
means. Figure 3 illustrates longitudinal mean
change for the overall life span, demonstrating
consistency of the gender by age group change
patterns.
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Fig. 1. Gender differences for latent means for six cognitive factors. Latent means for women in 1984 and 1991
were set to zero and used as a reference group to derive deviation values for male latent means for 1984
and 1991 respectively. Boundaries indicate level of significance for p < .01. Perc. Spd = Perceptual
Speed.
DISCUSSION Results illustrate the importance of the issue

Gender differences in psychometric abilities
have long been discussed in the literature. Many
of the earlier studies used observed scores to test
for gender differences, often doing so without
regard for issues of measurement equivalence.
Information concerning the latent structure of
cognitive abilities for men and women across
the middle and later years of the life span is rela-
tively sparse (e.g., Schaie et al., 1998). The aim
of the current study was to examine the structure
and dimensions of a six-factor model of cogni-
tive abilities between gender groups across the
adult life span and to provide detailed informa-
tion about age-group specific changes in cogni-
tive abilities.

of measurement invariance when assessing gen-
der differences in cognitive abilities. Demon-
strating equivalence of factor loadings between
groups or across occasions is relevant for all
aspects of developmental research; however,
demonstrations of invariance of measurement
structures are rare. Invariance of constructs has
been described as the logical opposite of change
(Cunningham, 1991). Without evidence of the
metric equivalence of constructs, quantitative
inferences about properties of variables or scales
may not be warranted. Measurement invariance
ensures that comparable units of measurement
exist and allows for meaningful quantitative
comparisons of groups or across time (Cun-
ningham, 1982, 1991; Horn, 1991; Horn &
McArdle, 1992; Horn et al., 1983).
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Fig.2. Longitudinal change in latent means for six cognitive factors from 1984 to 1991. No significant change
in latent means was noted for men and women on the Verbal Comprehension and Verbal Recall factors.

Boundaries indicate level of significance for p < .01. Perc. Spd = Perceptual Speed.

Schaie et al. (1998) demonstrated measure-
ment invariance was plausible in cognitive abili-
ties across the majority of the adult life span.
Solutions for the youngest (aged 22 — 42) and
oldest (aged 71 — 87) participants in that study
were estimated separately from the remaining
four cohort groups (aged 43 — 70). Direct tests
of gender differences or gender-specific changes
across time in the factor model were not con-
ducted. The current study provides one of the
few examinations of gender differences and lon-
gitudinal changes in latent cognitive abilities for
the entire adult life span. Furthermore, use of
structural equation modeling techniques allowed
a direct test of measurement invariance of these
cognitive abilities, providing assurance that the
factors are directly comparable between genders
and across time.

Results from the entire sample provide evi-
dence for gender and time invariance across 7
years. The Cube Comparison test proved the
only cognitive measure demonstrating signifi-
cant differential measurement properties be-
tween genders. Allowing this test to estimate
freely between genders resulted in a partial
invariance measurement model being accepted
as best fitting the cognitive abilities across the
adult life span. Hertzog and Carter (1982) dem-
onstrated similar gender differences using Ra-
ven’s matrices, and offered an explanation that
women are more likely to use a nonspatial strat-
egy for making inferences about hidden cube
faces. However, this condition of partial in-
variance only existed when the entire adult life
span was examined simultaneously. Separate
analyses within our three age groups indicated
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Table 13. Mean Deviation Values, Standard Errors, and ¢ Values for Longitudinal Change Models.

Inductive Spatial Verbal Numerical Perceptual Verbal
Group Reasoning Orientation ~ Comprehension Facility Speed Recall
All Males
Alpha -.598 -1.467 -.085 -3.925 -1.151 -.358
Standard Error (.124) (.303) (.112) (.323) (.184) (.155)
t value -4.819 —4.849 -757 -12.153 -6.264 -2.314
All Females
Alpha -.460 -1.451 181 -3.270 -1.035 -.181
Standard Error (.112) (.286) (.103) (-299) (172) (.138)
t value —4.103 -5.080 1.759 -10.942 ~-6.003 -1.313
Young Males
Alpha .295 1.363 .761 -.669 122 .581
Standard Error (.190) (.410) (.176) (.476) (211 (.274)
t value 1.557 3.322 4331 -1.406 577 2.117
Young Females
Alpha .576 .997 .761 -574 195 574
Standard Error (.179) (.406) (.153) (.426) (.204) (.237)
¢ value 3.223 2.459 4.969 -1.346 957 2.421
Middle Males
Alpha -.370 -1.014 .100 -2.966 -1.039 -.402
Standard Error (.190) (.510) (.161) (.474) (.254) (.252)
t value -1.949 -1.986 .622 -6.263 —4.093 -1.593
Middle Females
Alpha -511 -1.804 471 -2.935 -.922 .266
Standard Error (.178) (.482) (.173) (.462) (.245) (:232)
t value -2.869 -3.743 2.724 -6.353 -3.768 1.146
Older Males
Alpha -1.655 —4.718 -957 -7.524 -1.974 -1.052
Standard Error (.223) (.601) (.215) 577 (.284) (.252)
t value ~7.433 -7.854 —4.451 -13.048 -6.934 —4.179
Older Females
Alpha -1.243 -3.235 -441 -5.518 -1.788 -1.080
Standard Error (.193) (.532) (.183) (.528) (.254) (219)
t value —6.436 -6.082 -10.449 -7.049 —4.943

-2.412

Note. t values less than + 2.58 are not statistically significant and indicate mean stability of the latent construct over a 7-year
period. Positive values indicate better performance, and negative values indicate decline.

complete metric invariance of all factor load-
ings, including the Cube Comparison test. In-
creased variability when examining gender dif-
ferences across the entire adult life span is the
likely explanation for this result. With the noted
exception of the Cube Comparison task in the
overall gender comparison, remarkable stability
of the covariance structure was demonstrated,
providing confidence that these cognitive abili-
ties may be compared between genders.
Testing for gender differences within three
age groups demonstrated differential patterns of

gender differences and short-term longitudinal
change. Metric invariance of factor loadings was
accepted for all three age groups. Additionally,
younger and middle-aged adult groups had
equivalent factor variances and covariances be-
tween genders and over a 7-year period. For the
oldest group, participants aged 64 to 87, factor
variances and intercorrelations were equivalent
across gender groups whereas these values be-
tween latent factors had to be estimated sepa-
rately for each time point. The demonstration of
metric invariance of the factor loadings was im-
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Fig. 3. Longitudinal latent mean change for gender by age group models. Boundaries indicate level of signifi-

cance for p < .01. Perc. Spd = Perceptual Speed.

portant because it permits group and time com-
parisons.

Relationships between the latent constructs
for the oldest participants showed increased
variability over 7 years. Ninety-three percent
(14 of 15) of the factor intercorrelations were
larger at Time 2 than Time 1; however, only 3 or
21% of those increases were statistically signifi-
cant. All significant increases involved relation-
ships with the Perceptual Speed factor. Further-
more, a significant increase in the factor vari-
ance for perceptual speed was also noted for the
oldest participants. In summary, results from the
age-group specific covariance analyses illus-
trated substantial gender and time invariance.
However, an important caveat is noted. The lack
of gender invariance of factor loadings across
the entire adult life span was corrected by imple-
menting partial invariance techniques. Surpris-
ingly, only one indicator (at two time points) or
5% of the factor loadings differed between gen-

ders. Developmental researchers should be
aware that a single test in a battery may create
enough leverage to cause a tenable model to be
rejected. Examining unstandardized factor load-
ings for statistically significant differences, and
adjusting for those differences, may allow ac-
ceptance of a more stringent level of invariance.

These analyses are an interesting example of
the process of cognitive development across the
adult life span. Controlling for age or more spe-
cifically, examining adults in age groups that
span later life, demonstrated that men and
women do not show differential measurement
structures of their cognitive abilities. These
findings provide strong support for the similar-
ity of the structure of cognitive abilities between
genders and are consistent with earlier work
(e.g., Hertzog & Carter, 1982). As noted by
Schaie et al. (1998), increased variability in the
oldest and youngest participants may lead to a
lack of metric invariance in overall-sample mod-
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els. However, separate age group analyses in the
current study demonstrated invariance of factor
loadings and gender invariance of the factor
variances and covariances. Larger factor corre-
lations and increasing factor variances over time
in the oldest age group may provide additional
support for the hypothesis of dedifferentiation of
cognitive abilities, but only in adults over age
70. Localization of the specific lack of fit, or
reason for rejection of tests of invariance, is crit-
ical and highly informative.

Consistent gender differences in the latent
means support previously published reports of
observed gender differences in cognitive abili-
ties at various ages. Women performed signifi-
cantly worse than men for Spatial Ability, and
generally outperformed men on Verbal Recall
and in some instances in Perceptual Speed. Gen-
der differences in Perceptual Speed were not
present when examined across the entire adult
life span. Age-specific gender differences (fa-
voring women) in this ability were found for
only the young and middle age groups. Levels of
performance for Numeric Facility, Inductive
Reasoning, and Verbal Comprehension were not
significantly different between men and women.
The equivalence of the covariance structures and
the general pattern of nonsignificant mean dif-
ferences between genders indicate a high degree
of similarity in adult cognitive abilities. Re-
markable stability of longitudinal between-gen-

der differences was also noted for the entire

sample.

How do these results compare to previous
studies? These data are not completely consis-
tent with those presented by Schaie and Hertzog
(1983), who observed differences on PMA spa-
tial and number abilities favoring men, and word
fluency favoring women. However, Schaie and
Hertzog used only single-marker tests of each
ability whereas the current study examined la-
tent constructs. Multiply marked latent factors
reduce the potential measurement error that is
inherent in single-marker tests and may partially
explain the differences between these studies.
The current study found no gender differences in
Numerical Facility; however, our results repli-
cate the spatial ability findings of Schaie and
Hertzog. Furthermore, women performed better

than men on Perceptual Speed. The word flu-
ency test examined by Schaie and Hertzog loads
on the Perceptual Speed factor in the current
study, indirectly supporting the gender differ-
ence for this task.

Our findings for gender differences in spatial
ability support those of previous studies (Cohen,
Schaie, & Gribbin. 1977; Linn & Petersen,
1985, 1986). Furthermore, most of our spatial
ability indicators are tests of mental rotation,
which normally produce larger gender differ-
ences than do spatial perception or spatial visu-
alization tasks (Hyde & McKinley, 1997; Linn
& Peterson, 1985). These data also support the
meta-analysis of Hyde and Linn (1988), which
reported a lack of gender differences in verbal
ability. Additionally, our gender differences for
Perceptual Speed are similar to those reported
by Feingold (1988) and parallel findings ob-
tained for the perceptual speed subtests (Digit
Symbol) of the Wechsler scales (Feingold,
1993). Similar findings have been documented
by Born, Bleichrodt, and Van Der Flier (1987)
and are consistent with the classic reviews that
document the female superiority in Perceptual
Speed (Anastasi, 1958; Maccoby & Jacklin.
1974; Tyler, 1965). However, the fine grained
analysis of three age groups revealed an attenua-
tion of differences in Perceptual Speed in the
oldest age group. Whereas women have an ad-
vantage in Perceptual Speed throughout most of
adulthood, they lose this advantage after age 70.
The observed difference favoring women on
Verbal Recall contradicts (Born et al., 1987:
Feingold, 1993; Maccoby & Jacklin, 1974) and
supports (Herlitz et al., 1998; Hultsch et al.,
1998; Schaie & Willis, 1993; Zelinski et al.,
1993) previous findings.

Declines on 4 of the 6 cognitive factors were
noted for both genders. Verbal Comprehension
and Verbal Recall were the only factors to dis-
play longitudinal mean stability for both men
and women. Similarity in the patterns of change
over time in latent cognitive factors for the total
sample was remarkable. Does this suggest that
observed decline in latent cognitive abilities is
occurring universally across the adult life span?
The answer to this question can be found by ex-
amining longitudinal change in latent factor
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means by age group. For the younger group,

both men and women remained stable or im-

proved their performance over the 7-year period.

Men in the middle age group were stable on 4

cognitive abilities in contrast to women who

declined on 4 abilities. However, women
showed statistically significant improvement in

Verbal Comprehension. Finally, the older age

group demonstrated statistically significant de-

cline across all ability factors, with stability on

Verbal Comprehension for older women the

only exception. _

Kaufman et al. (1991) suggested that there
has been little systematic attention to whether
men and women show similar patterns of intel-
lectual change over the life span. Summarizing
problems with research on gender differences in
cognitive abilities, Caplan and Caplan (1997)
suggested that differences are not systematically
or invariably found and do not exist at all ages.
Furthermore, Hertzog and Carter (1982) sug-
gested their results warranted testing invariance
of cognitive structures in a test battery explicitly
designed to estimate primary ability factors. Ev-
idence presented here provides both systematic
and detailed information concerning the invari-
ant structure of primary ability factors, and pat-
terns of intellectual change and gender differ-
ences across the adult life span. The current
study demonstrated:

1. The latent structure of cognitive abilities is
the same for men and women across the adult
life span.

2. Latent cognitive abilities can be reliably mea-
sured longitudinally.

3. Ignoring age-group specific analyses, over a
7-year period men and women declined sig-
nificantly in 4 of 6 latent cognitive abilities.
However, younger men and women remained
stable or improved, middle age group partici-
pants remained stable or declined, and older
participants generally performed worse 7
years later.

4, Women outperformed men in Perceptual
Speed and Verbal Recall whereas men were
significantly better in Spatial Orientation.

5. No gender differences in latent means were
noted for Inductive Reasoning, Numeric Fa-
cility, and Verbal Comprehension across the

adult life span (agesyme; 22— 87; 28€STime2 29

-94).

What do these results concerning measure-
ment invariance and latent means suggest for
future research? First, these findings demon-
strate measurement invariance of cognitive abil-
ities for men and women across the adult life
span. Second, testing measurement invariance
within a covariance structure provides only a
partial understanding of gender differences of
cognitive abilities. Analysis of both the co-
variance and mean structures permits a thorough
examination of both the measurement structure
and the level of performance differences. Mod-
eling latent factor means allows inferences about

. gender differences and longitudinal change to be

made about specific latent abilities. The current
study addressed differences in patterns of
change over 7 years by examining the entire
sample simultaneously and separately in three
distinct age groups. The shape of the change
profiles was remarkably similar for genders and
across all age groups; however, differences in
mean levels are clearly demonstrated. In conclu-
sion, substantial evidence for gender invariance
of cognitive abilities was demonstrated across
the adult life span.
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