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Six abilities derived from Horn's fluid (Gf) and crystallized (Gc) theory were investigated for 1,193 
individuals (607 men and 586 women), aged 15-94 years and approximately representative of the 
U.S. population on ethnic, socioeconomic, and geographic variables. Age differences on the Horn 
abilities were analyzed for separate age groups across this wide age span, both with and without 
control for education, using multivariate analysis of variance and multiple regression analysis. Re- 
sults supported Horn's classification of crystallized and quantitative as maintained abilities and of 
fluid and broad visualization as vulnerable abilities. Short-term acquisition and retrieval, usually 
interpreted as vulnerable, was maintained through the 60s for the present sample. The patterns of 
age differences on long-term retrieval tasks were a function of the type of material to be stored. 

Horn (1989) and his colleagues (Horn, Donaldson, & Eng- 
strom, 1981; Horn & Hofer, 1992) have conducted a consider- 
able body of research on the structure of human abilities. They 
have identified about eight or nine factors that now define fluid 
(Gf) and crystallized (Gc)  theory. The current theory is an ex- 
pansion and refinement of the original Horn and Cattell ( 1966, 
1967) theory that stressed the distinction between crystallized, 
acculturated knowledge and novel, fluid problem solving. The 
research that has accompanied the elucidation of the expanded 
Gf -Gc  theory has continued to emphasize age differences on 
the specific ability factors, a topic of interest to the theorists 
from the initial development of  the Gf  and Gc constructs 
(Cattell, 1941; Cattell & Horn, 1978; Horn & Cattell, 
1966, 1967). 

The results of decades of  research with diverse ability tests 
and a variety of samples have led Horn and his colleagues to 
distinguish between vulnerable and maintained abilities, typi- 
fied by Gf  and Gc, respectively (Horn, 1989; Horn & Hofer, 
1992). Vulnerable abilities decline with brain damage and with 
age in adulthood, whereas maintained abilities do not decline 
with age in adulthood and return to approximate pre-injury 
levels following the onset of  brain damage. This study investi- 
gated six abilities, three that are classified as vulnerable and 
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three that are classified as maintained (Horn & Hofer, 1992). 
The vulnerable abilities are Gf, broad visualization (Gv) ,  and 
short-term acquisition and retrieval (SAR);  the maintained 
abilities are Gc, quantitative ability (Gq) ,  and long-term re- 
trieval (TSR).  

Despite the wealth of  research conducted by Horn and his 
coworkers, total samples have often been in the hundreds rather 
than the thousands; inferences about adult development, when 
based on relatively small samples of homogeneous age groups, 
are a bit tenuous. Moreover, samples have commonly com- 
prised specific, available samples such as prisoners (e.g., Horn, 
1982; Horn & Cattell, 1967) instead of  carefully selected, rep- 
resentative samples. When large, representative samples have 
been used to investigate age differences in Horn's abilities, such 
samples have usually comprised standardization populations 
for the Wechsler Adult Intelligence Scale (WAIS; Wechsler, 
1955 ) or its revision, the WAIS-R (Wechsler, 1981 ). As Horn 
and Hofer (1992) noted, "Much of the evidence on vulnerable 
and maintained abilities has been based on the use of the WAIS" 
(p. 71). 

Recently, additional support for the vulnerability of  Gfabil i -  
ties and the maintained nature of Gc abilities has been provided 
by cross-sectional analyses of data from new test batteries that 
include a variety of tasks that differ from the Wechsler mold 
(Kaufman & Horn, 1996; Wang & Kaufman, 1993). However, 
most of the data from studies of Wechsler's scales and new tests 
are based on tasks that are impure from the perspective of  
Horn's theory. The Wechsler Performance subtests are not cat- 
egorized neatly as measuring a single Horn ability. Block design, 
for example, "is often regarded as a measure of Gf(al though it 
measures a specific factor and Gv as well as Gf ) "  (Horn, 1989, 
p. 95). In a similar vein, a number of  the subtests on the Gf  
and Gc scales that compose the Kaufman Adolescent and Adult 
Intelligence Test (KAIT;  Kaufman & Kaufman, 1993), the in- 
strument studied by Kaufman and Horn (1996), are not 
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"pure" in the sense that they measure more than a single 
Horn ability. KAIT  Auditory Comprehension, for example, is a 
Gc task that also includes SAR variance (A. Kaufman & 
Horn, 1996). 

The primary goals of  this study were to extend the existing 
knowledge base concerning maintained and vulnerable abilities 
by examining cross-sectional age differences across the life span 
for men and women on subtests that provide fairly pure mea- 
sures of their designated Horn ability. Furthermore, this study 
investigated six Horn abilities; much of the previous research 
on maintained and vulnerable abilities has focused on the Gf  
and Gc abilities. 

Ample evidence indicates that Gc is a maintained ability and 
Gf is  vulnerable, on the basis of accumulated data from numer- 
ous sources: (a) cognitive investigations conducted by Horn 
( 1982, 1985, 1989 ) and his colleagues (Horn et al., 1981; Horn 
& Hofer, 1992 ); (b) cross-sectional and longitudinal aging stud- 
ies on Wechsler's tests (Birren & Morrison, 1961; A. Kaufman, 
1990, chapter 7) and other instruments designed to measure the 
Horn-Cattell Gfand Gc constructs (A. Kaufman & Horn, 1996; 
Wang & Kaufman, 1993); and (c) neuropsychological studies 
of adults with unilateral brain damage (Kaufman, 1990; Turk- 
heimer & Farace, 1992 ). 

Evidence for the aging patterns of the other four abilities in- 
vestigated in this study is less convincing. There are data to doc- 
ument that SAR (also referred to as Gsm) is a vulnerable ability 
(Horn, 1985, 1989; Horn et al., 1981 ). However, cross-sectional 
investigations of WAIS and WAIS-R Digit Span with large sam- 
ples have not provided evidence of a significant decline on this 
subtest with increasing age (Birren & Morrison, 1961 ; A. Kauf- 
man, Reynolds, & McLean, 1989). Horn and Hofer (1992) cat- 
egorized Gv as a vulnerable ability but conceded, "Most re- 
search on the vulnerability of human intellect has focused on 
the abilities of fluid reasoning (Gf),  short-term memory 
(Gsm),  and processing speed (Gs).  There is little evidence to 
indicate the vulnerable features of  visual processing (Gv)"  
(pp. 59-60).  

Among maintained abilities, the evidence for Gq and TSR 
does not parallel the widespread evidence for Gc. For example, 
the maintained aspects of  TSR (also called Glr or fluency of 
retrieval from long-term storage) are documented by "several 
studies showing that in the same samples in which Gsm declines 
with age in adulthood, Glr does not decline and, in some sam- 
ples, increases" (Horn & Hofer, 1992, p. 69). Most tasks used 
to measure TSR or Glr, however, involve words and verbal 
learning, such as associational fluency, expressional fluency, 
verbal production fluency, and memory acquisition (Horn, 
1989). 

When A. Kaufman and Horn (1996) investigated age 
changes on the KAIT, they dealt only with the Gc and Gf  con- 
structs. The K AIT also includes two supplementary delayed re- 
call subtests that provide adequate measurement of  TSR (Horn, 
personal communication, October 1993). These two subtests 
require different kinds of stimuli to be recalled-Auditory De- 
layed Recall involves verbal concepts and Rebus Delayed Recall 
involves abstract symbols--thereby permitting a multifaceted 
evaluation of age changes on TSR. As noted, most of  Horn's 
conclusions about the TSR ability have been based on long- 
term retention of  verbal concepts, not abstract symbols. Our 

analyses, therefore, permit verification of  the claim that TSR is 
a maintained ability (Horn & Hofer, 1992), and it also permits 
a determination of whether age trends on TSR tasks are the 
same regardless of  the nature of the stimuli that are stored and 
retrieved. 

In addition to these two KAIT delayed recall subtests, other 
fairly pure measures of Horn abilities are included in two brief 
tests that were conormed with the K AIT on essentially the same 
large sample of adolescents and adults: the Kaufman Short 
Neuropsychological Assessment Procedure (K-SNAP; Kauf- 
man & Kaufman, 1994b) and the Kaufman Functional Aca- 
demic Skills Test (K-FAST; Kaufman & Kaufman, 1994a). 
The K-SNAP Composite includes three subtests that each pro- 
vide measurement of a Horn ability: Number Recall (SAR),  
Gestalt Closure (Gv),  and Four-Letter Words (Gf).  The two- 
subtest K-FAST measures Gc (functional reading) and Gq 
( functional arithmetic). 

The inclusion of Gestalt Closure in the analysis served addi- 
tional purposes. Some researchers have disagreed with Horn's 
Gf -Gc  interpretation of age changes on Wechsler's Verbal Scale 
(maintained) and Performance Scale (vulnerable). Botwinick 
(1977) and others (e.g., Jarvik & Bank, 1983 ) have interpreted 
the Wechsler "classical aging pattern" from a nontheoretical 
perspective, namely, that performance on nonspeeded tasks is 
maintained throughout the life span, whereas performance on 
speeded tasks declines. Though Gv is hypothesized by Horn to 
be a vulnerable ability, the Gv measure in our study (Gestalt 
Closure) is untimed, thereby providing a direct test of Botwin- 
ick's (1977) opposite hypothesis that nonspeeded tests are 
maintained throughout adulthood. Also, Gestalt Closure pro- 
duced a large gender difference of  about one-half SD (favoring 
men) in a previous investigation of data from a large portion of 
our sample (J. Kaufman, Chen, & A. Kaufman, 1995). That 
finding raised the possibility that age differences on Gv interact 
with gender, a hypothesis that was examined in our study. 

Me thod  

I n s t r u m e n t s  

As indicated, seven subtests were used to measure the six Horn abili- 
ties. The mean split-half reliabilities shown in parentheses for each sub- 
test are for ages 15-16 to 75-94 years (Ns of 1,424 to 1,625; Kaufman 
& Kaufman, 1993, 1994a, 1994b). 

Gc (knowledge or crystallized intelligence): K-FAST Reading (mean 
reliability = .90). K-FAST Reading, a test of functional reading com- 
prehension, is composed of 34 items. For each item, the person tries to 
interpret the meaning of rebuses (the symbol for poison or 
handicapped); abbreviations ("bldg.," "non-smkrs," or "EEG"); or 
words, phrases, and sentences that are observed in the environment 
("Push," "Exit Only," "Parental guidance suggested," or an excerpt 
from a catalog). 

Some researchers (e,g., Bracken, 1985) have argued that conven- 
tional measures of reading are not truly measures of Gc. K-FAST Read- 
ing, however, is not a conventional test of reading achievement. Most 
items fit more into the category of general information (identifying re- 
buses and abbreviations) and they have a built-in acculturation compo- 
nent by virtue of item context (recipes, ads, or labels). K-FAST Read- 
ing does, therefore, seem to be an appropriate measure of Gc. 

Empirical evidence that K-FAST Reading measures Gc comes from 
a joint factor analysis with the KAIT and K-SNAP for five age groups 
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(total N = 1,270). Two factors emerged, defined as Gc or Gf, based on 
high loadings by the KAIT Crystallized and Fluid subtests. Reading had 
a median oblimin loading of ,76 on the Gc factors versus a trivial me- 
dian loading of .  11 on the Gf factors (Kaufman & Kaufman, 1994a, 
p. 50). 

Gf (broad reasoning or fluid intelligence): K-SNAP Four-Letter 
Words (mean reliabifity = .84). K-SNAP Four-Letter Words is com- 
posed of 23 items. The first'item requires examinees to arrange letters 
into words, to provide "bottom" for the task. The remaining items re- 
quire individuals to develop strategies to figure out secret letters or 
words by generating and evaluating hypotheses. Items 6-23 are admin- 
istered in a booklet under highly speeded conditions. 

Sample A illustrates the task. Examinees are shown the following 
stimuli on an easel page, and are told that the number in parentheses 
indicates the number of times the secret letter appears in that word: 

HERE (2) 

EEEK ( 3 ) 

HIRE ( 1 ) 

HARK(0).  

More difficult items follow the same procedure but present more 
stimuli and require examinees to figure out secret words composed of 
two, three, or four letters. 

Construct validation of Four-Letter Words as a measure of Gf is pro- 
vided by a factor analytic study of 255 individuals tested on the WAIS- 
R, KAIT, K-FAST, and K-SNAP (A. Kaufman, Ishikuma, & Kaufman, 
1994). Four-Letter Words loaded .49 on the factor identified as Gf by 
virtue of the loadings of.56 to .65 by the four KAIT fluid subtests; Four- 
Letter Words loaded below. 15 on the other three factors. 

Gq (quantitative thinking): K-FAST Arithmetic (mean reliability = 
.88). K-FAST Arithmetic is a 29-item measure of functional mathe- 
matics. For each item, the person is asked a question while looking at a 
visual stimulus such as a graph, the key facts to remember in a problem, 
a numerical symbol, a picture, a map, or the actual words to the prob- 
lem. The task assesses numerical reasoning, computation skills, and 
mathematical concepts in real-life situations. Illustrative topics covered 
include adding the value of coins, understanding graphs, budgeting, and 
purchasing a variety of products. Items that were too schoollike and 
of limited practical application were minimized. Because all items are 
untimed, and questions are presented visually as well as orally, the role 
of SAR is minimized on this task. 

Regarding K-FAST Arithmetic's construct validity (Kaufman & 
Kaufman, 1994a), it correlated .61 to .87 (median = .80) for six sam- 
pies tested on either the Stanford-Binet IV (Thorndike, Hagen, & Satt- 
ler, 1986) Quantitative Scale, WAIS-R Arithmetic subtest, or K-TEA 
Brief(Kaufman & Kaufman, 1985) Mathematics subtest. Most of the 
preceding criterion variables loaded above ,60 on Woodcock's (1990) 
Gq dimension, along with Quantitative subtests from the Woodcock- 
Johnson--Revised (W J-R) Tests of Achievement (Woodcock & John- 
son, 1989). Horn and Hofer (1992) indicate that Gq "is well distin- 
guished in the Woodcock-Johnson" (p. 69 ). 

Gv (broad visual intelligence): K-SNAP Gestalt Closure (mean reli- 
ability = .82). K-SNAP Gestalt Closure is a 25-item subtest that re- 
quires the individual to name an object or scene pictured in a partially 
completed inkblot drawing; it resembles K-ABC Gestalt Closure and 
the Gestalt Completion test originated by Street ( 1931 ). 

Construct validation of Gestalt Closure as a measure of Gv is pro- 
vided by the factor analytic study of 255 individuals (Kaufman et al., 
1994). Gestalt Closure loaded .41 on the factor that was primarily de- 
fined by WAIS-R Perceptual Organization subtests (it loaded negligibly 

on the other three factors) and is a prototypical measure of Gv based on 
the writings of Horn (1989) and his colleagues (Horn & Hofer, 1992). 

SAR (short-term acquisition and retrieval): K-SNAP Number Recall 
(mean reliability = .85). K-SNAP Number Recall is a 16-item subtest 
that requires the person to repeat a series of digits in the same sequence 
as the examiner said them; the series range in length from 2 to 9 
numbers. 

Construct validation of Number Recall as a measure of SAR is pro- 
vided by the factor analytic study of 255 individuals (Kaufman et al., 
1994). Number Recall loaded .68 on the same factor on which WAIS- 
R Digit Span loaded .81. Both Number Recall and Digit Span are pro- 
totypical measures of SAR ( Horn & Hofer, 1992). 

TSR (long-term storage and retrieval): K A I T  Rebus Delayed Recall 
and Auditory Delayed Recall (mean reliabilities = .91 and. 73, re- 
spectively). The KAIT includes a fluid test, Rebus Learning, which 
requires learning the word or concept associated with numerous rebus 
drawings and then "reading" phrases and sentences composed of these 
rebuses. About 45 min later, after having been administered four other 
subtests, they are administered Rebus Delayed Recall. This 13-item, 
long-term memory subtest presents new phrases and sentences for them 
to read that use the same symbols they were taught earlier. (They are 
not told that they will be retested on the symbols.) 

The K AIT also includes a crystallized subtest, Auditory Comprehen- 
sion, that requires listening to a recording of a mock news broadcast 
and then answering literal and inferential questions about each news 
story. About 30 min later, after having been administered three other 
subtests, they are administered Auditory Delayed Recall (again, without 
warning). In this 8-item task, individuals are asked questions about the 
news stories they heard earlier. The two TSR tasks, therefore, measure 
retrieval of information stored during either crystallized (Auditory) or 
fluid (Rebus) problem-solving items. 

There is no empirical support for the construct validity of the delayed 
recall tasks, although they each possess good content validity and face 
validity as measures of TSR; in addition, Horn (personal communica- 
tion, October 1993) considers the two delayed recall tasks to measure 
his TSR ability. 

For both delayed recall subtests, individuals who performed poorly 
on the initial subtests are administered only those items on the delayed 
tasks to which they were exposed. The scoring systems take into account 
this inequity and adjust the person's scores on each delayed task to re- 
flect retention only in relation to the information exposed initially. The 
tasks, therefore, measure TSR with minimal contamination of the 
SAR, Gc, and Gf abilities that influenced initial performance. 

Par t i c ipan t s  

The total sample for this study included 1,193 adolescents and adults 
(607 men and 586 women) ages 15 to 94 years (M = 42.4, SD = 20.7). 
The individuals in the sample included all people within the age range 
of 15-94 years who were administered all seven of the pertinent subtests 
from the K-FAST, K-SNAP, and KAIT (Kaufman & Kaufman, 1993, 
1994a, 1994b). Age 15 is the youngest age for which the K-FAST is 
applicable; the other two batteries are also normed for 11- to 14- 
year-olds. 

For this study, the sample was subdivided into the 14 age groups indi- 
cated in Table 1, which also presents specific background information 
for each age subsample and for the total group on the variables of gender, 
ethnic group, and educational attainment; U.S. Census percentages are 
also indicated. 

Educational attainment equals the parents' education for ages 15-24 
years, and self-education for ages 25-94. The differences in education 
for the separate age groups, which generally indicate less education for 
the older than the younger samples, correspond approximately to cen- 
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Table 1 
Description of Sample on Key Background Variables 

Educational attainment 

Gender (%) Race or ethnic group (%) % Years 

Age N M F W B H O 0-11 12 13+ M SD 

15-16 100 55.0 45.0 77.0 13.0 7.0 3.0 15.0 43.0 42.0 12.9 2.3 
17-19 109 57.8 42.2 73.4 15.6 9.2 1.8 22.9 38.5 38.6 12.5 2.6 
20-24 124 48.4 51.6 77.4 13.7 8.9 0.0 18.5 44.4 37.1 12.9 2.6 
25-29 97 49.5 50.5 69.1 27.8 2.1 1.0 9.3 48.5 42.2 13.2 2.2 
30-34 70 61.4 38.6 82.8 12.9 2.9 1.4 17.2 44.3 38.5 12.9 2.3 
35-39 93 59.1 40.9 81.7 11.8 5.4 1.1 10.7 35.5 53.8 13.6 2.3 
40-44 75 38.7 61.3 82.7 8.0 9.3 0.0 10.7 36.0 53.3 13.5 2.5 
45-49 88 60.2 39.8 87.5 6.8 5.7 0.0 23.8 46.6 29.6 12.3 2.9 
50-54 60 45.0 55.0 90.0 6.7 3.3 0.0 21.7 45.0 33.3 12.6 3.0 
55-59 70 44.3 55.7 82.9 11.4 4.3 1.4 28.6 47.1 24.3 11.7 3.4 
60-64 76 55.3 44.7 84.2 7.9 5.3 2.6 40.8 35.5 23.7 11.5 2.9 
65-69 71 43.7 56.3 88.7 5.7 2.8 2.8 49.3 28.2 22.5 10.6 3.5 
70-74 78 47.4 52.6 91.0 7.7 1.3 0.0 55.1 24.4 20.5 10.4 3.6 
75-94 82 40.2 59.8 92.7 4.9 1.2 1.2 45.1 36.6 18.3 10.7 3.6 

Total 1,193 50.9 49.1 82.1 11.6 5.2 1.2 25.3 39.8 34.9 12.3 3.0 

U.S. Census 47.6 52.4 79.5 11.5 7.9 1.3 23.5 36.4 40.2 - -  - -  

Note. Educational attainment (in years) refers to parents' education for ages 15-24 years and to self- 
educatiOn for ages 25-94 years: 0-11 = 0 to 11 years of formal education completed; 12 = graduated from 
high school hut had no further formal education; 13+ = at least 1 year of college or technical school 
completed. U.S. Census data are taken from the Kaufman Functional Academic Skills Test standardization 
tables (Kaufman & Kaufman, 1994a, chapter 5). M = male; F = female; W = White; B = Black; H = 
Hispanic; O = other (e.g., Asian American, American Indian). 

sus differences in educational attainment by age; in a similar vein, the 
greater number of women than men for most age groups above 50 years 
corresponds to population trends ( Kaufman & Kaufman, 1994a, Tables 
5.1 and 5.3). Mean age for the oldest subsample was 80.5 years (80.1 
for women and 81.1 for men). Mean ages for the remaining 13 subsam- 
pies for women and men were within a half-year of each other. Partici- 
pants were a random stratified sample on the variables of gender, ethnic 
group, educational attainment, and geographic region. Care was taken 
to ensure that all participants, especially elderly individuals, had ade- 
quate visual acuity, auditory acuity, and motor coordination for re- 
sponding appropriately to test stimuli. 

The geographic region breakdown for the total sample is as follows 
(percentages for the sample are followed by U.S. Census percentages): 
Northeast ( 12.2, 20.9 ), North Central ( 32.2, 24.1 ), South ( 37.3, 34.3 ), 
and West (18.3, 20.7); (Kaufman & Kaufman, 1994a, Table 5.2). 
Overall, the sample for our study was roughly representative of the 
United States as a whole on gender, ethnic group, education, and geo- 
graphic region. However, the sample included an underrepresentation 
of Hispanics, individuals from the Northeast, and individuals with 13 
or more years of schooling, and an overrepresentation of individuals 
from the North Central region of the United States. 

Data Analysis 

Each person's raw scores on the seven subtests were converted to z 
scores, using the entire sample of individuals ages 15 to 94 years as the 
reference sample. These z scores were then converted to standard scores 
having a mean of 100 and standard deviation of 15 to facilitate commu- 
nication of the results. These standard scores were used for the multi- 
variate and univariate analyses of variance and covariance (MANOVAs, 
MANCOVAs, ANOVAs, and ANCOVAs) and for the multiple regres- 

sion analyses conducted for the portion of the sample ages 25-94, all of 
which are described in the Results section. 

Whenever representative samples of adults spanning a wide age range 
are tested in cross-sectional design, the older age groups have less edu- 
cation, on the average, than the younger adult samples. Education cor- 
relates substantially with ability level, with coefficients typically ranging 
from the mid-.40s to mid-.60s (A. Kaufman, McLean, & Kaufman, 
1995; A. Kaufman & Wang, 1992; Matarazzo, 1972; Reynolds, Chas- 
tain, Kaufman, & McLean, 1987). Removal of the variance due to the 
cohort variable of educational attainment was, therefore, essential to 
permit meaningful interpretation of age differences on the Horn 
abilities. 

To control for the chance error that occurs when a large number of 
multivariate and univariate analyses are conducted, the .01 level was 
used to determine significance of all F values. A familywise error rate 
of.05 was used for the Tukey honestly significant differences (HSD) test 
because that procedure controls for the random errors that accompany 
multiple comparisons. 

R e s u l t s  

A two-way MANOVA was conducted with age and gender as 
independent  variables and standard scores on the seven subtests 
as dependent  variables. Gender  differences on the seven subtests 
were evaluated in a previous investigation (J. Kaufman et al., 
1995 ), so the main effect for gender was not interpreted in this 
study. Gender  was included as an independent  variable to ex- 
amine  the Age x Gender  interaction. These analyses were fol- 
lowed by a two-way MANCOVA with the same variables, cova- 
rying educational at tainment.  Parents '  education (mid-parent ,  
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Table 2 
Summary of  MANOVA and MANCOVA Results 

MANOVA MANCOVA 
Main effect/ 
interaction dR Wilks's lambda F dJ~ Wilks's lambda F 

Age group 91, 7233 .408 12.28** 91, 7227 .900 11.38"* 
Gender 7, 1159 .933 11.97"* 7, 1158 .933 11.96"* 
Age X Gender 91, 7233 .904 1.29 91, 7227 .915 1.14 

Note. Educational attainment was the covariate for the MANCOVAs (parents' education for ages 15-24 
and self-education for ages 25-94). Standard scores on seven tests--two measuring TSR (Rebus & Auditory 
Delay) and one measuring Gc (Reading), Gf (Four-Letter Words), Gv (Gestalt Closure), Gq (Arithmetic), 
and SAR (Number Recall)--were the dependent variables in all analyses. Neither Age × Gender interaction 
reached significance at the .01 level. The F value for the interaction in the MANOVA was significant at the 
.05 level, but the alpha level was set at .01 for this study. MANOVA and MANCOVA = multivariate analysis 
of variance and covariance, respectively. 
** p < .001. 
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when both were known) was used for ages 15-24 and self-edu- 
cation was used for ages 25-94. The MANOVA and MAN- 
COVA were followed by a series of univariate ANOVAs and 
ANCOVAs. 

Table 2 presents summary data for the MANOVA and MAN- 
COVA. Age and gender were significant main effects, with or 
without the education covariate; neither Age X Gender interac- 
tion reached significance at the alpha level set for this study 
( .01 ), although the interaction in the MANOVA did reach sig- 
nificance at p < .05. Effect sizes (eta 2) for age (.120 in MA- 
NOVA and .  112 in MANCOVA) were substantially larger than 
effect sizes for gender ( .067 and .067) or for the interaction term 
(.014 and .013). 

In Table 3, the main effect of age is shown to be significant for 
all seven subtests, both with and without the education covari- 
ate. Effect sizes are shown in Table 3 for the age main effect in 
the ANCOVAs (the range for the ANOVAs is from. 130 for Gq 
to.  377 for Gv). Effect sizes in the ANCOVAs exceed.20 for Gv 
and Gf, the value often used to denote an effect of moderate 
size. Age accounts for more than 20% of the variance in test 

scores on Gv and Gf, over and above the percentage of variance 
accounted for by other variables in the model. 

The Age X Gender interaction is shown in Table 3 primarily 
because the Gv interaction was of interest in view of the large 
gender difference noted previously (J. Kaufman et al., 1995). 
As seen in Table 3, the interaction for Gv was signifcant in both 
the ANOVA and ANCOVA (effect sizes of .032 and .026, 
respectively). Although the interactions were also significant for 
Gq and TSR (Auditory Delay) in the ANOVAs, they were not 
significant with education covaried. 

Tables 4 to 6 present means and standard deviations of the 
standard scores, plus the education-adjusted means, by age 
group, for Gc and Gf(Table 4), Gq and SAR (Table 5), and the 
two TSR subtests (Table 6). Table 7 presents means and ad- 
justed means on Gv for complete age groups and separate sub- 
samples of men and women. 

Three abilities qualify as maintained on the basis of their pat- 
terns of age differences--Gc, Gq, and TSR (Auditory)--and 
three appear to be vulnerable: Gf, TSR (Rebus), and Gv. SAR 
was not easily classifiable but is best called maintained because 

Table 3 
F Values for the Age Group Main Effect and the Age X Gender Interactions in the Univariate 
ANOVAs andANCOVAs 

Age group Age × Gender 

Horn ability (and t e s t )  A N O V A  ANCOVA Effect s i z e  A N O V A  ANCOVA 

Gc (Reading) 24.61 ** 19.41 ** .178 1.70 0.99 
Gf (Four-Letter Words)  36.86** 26.43** .228 1.61 1.03 
Gv (Gestalt Closure) 54.23** 42.78** .323 2.95** 2.36* 
Gq (Arithmetic) 13.42** 9.74** .098 2.55* 1.48 
SAR (Number Recall) 15.54** 8.98** .091 1.41 1.09 
TSR (Rebus Delay) 15.02** 18.68** .173 1.77 1.29 
TSR (Auditory Delay) 23.32** 9.29** .094 2.33* 1.34 

Note. Educational attainment was the covariate for the ANCOVAs (parents' education for ages 15-24 and 
self-education for ages 25-94). Degrees of freedom for age group and Age X Gender interaction are ( 13, 
1165) for the ANOVAs and (13, 1164) for the ANCOVAs. Effect sizes for age are for ANCOVAs. ANOVA 
and ANCOVA = analysis of variance and covariance, respectively. 
*p<.01. **p < .001. 
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Table 4 
Mean Standard Scores on Horn's Gc and Gf Abilities, Both 
Actual and Adjusted for Education, for 14 Age Groups 

Age N 

Gc (Reading) Gf(Four-Letter Words) 

M SD Adj. M Mean SD Adj. M 

15-16 100 90.9 12.6 89.1 103.4 12.8 102.2 
17-19 109 97.8 10.7 97.3 106.1 10.2 105.8 
20-24 124 105.7 10.8 103.9 108.5 10.7 107.4 
25-29 97 104.4 10.9 101.9 105.7 11.0 104.2 
30-34 70 105.7 I 1.5 103.8 104.5 12.2 103.8 
35-39 93 107.8 t0.1 104.3 104.7 10.3 102.3 
40-44 75 108.6 11.0 105.8 103.6 11.2 102.3 
45-49 88 105.1 13.7 104.8 103.3 13.5 102.7 
50-54 60 104.4 12.0 103.4 100.5 12.3 99.9 
55-59 70 100.1 15.9 101.4 98.3 16.3 99.0 
60-64 76 98.0 14.8 99.7 92.1 14.5 93.1 
65-69 71 93.7 18.3 98.0 91.0 15.3 93.5 
70-74 78 90.5 18.5 95.0 87.2 16.9 90.0 
75-94 82 86.2 16.1 90.0 80.7 11.9 82.6 

Note. All standard scores are relative to a reference group composed 
of all individuals ages 15-94 (N = 1,193). The differences required for 
significance when comparing any pair of mean standard scores, using 
Tukey's honestly significant difference test with a familywise alpha level 
of .05, are as follows (the value for the actual means is presented first, 
followed by the value for the education-adjusted means): Gc (7.0, 5.9) 
and Gf(6.6, 6.2). Adj. M = mean adjusted for the covariate, educational 
attainment (parents' education for ages 15-24 and self-education for 
ages 25-94); Gc = crystallized knowledge; Gf = fluid problem solving. 

no significant age differences were found between any pair of  
ages from 15-16 to 60-64.  (Tukey's H S D  test was used to follow 
up significant F values for age group to determine which pairs 
of  means differed significantly for the 14 age groups.) 

The Tukey analysis of  education-adjusted means reveals 
some consistencies. For the maintained abilities, ages 15-16 and 
usually 17-19 scored significantly lower than other groups; peak 
performance occurred in the 40s or 50s; no significantly lower 
scores occurred until  ages 70-74;  and markedly lower scores did 
not  occur until ages 75-94 (who scored comparably to 15- to 
16-year-olds). For the vulnerable abilities, ages 15-16 did not 
score significantly differently from young adults; peak perfor- 
mance occurred in the late teens and early 20s; the groups aged 
17-24 scored significantly higher than individuals about age 40 
and above; and ages 70-74 scored significantly higher than ages 
75-94. For SAR, the means for ages 15-64 were about equal to 
each other and significantly greater than the means for 
ages 70+. 

The significant Age × Gender interaction for Gv  seems to 
relate to the magnitude of  gender differences at different ages 
(Table 7). At ages 15-49, the difference favoring men is sub- 
stantial ( 6.6 points, or .44 SD ), whereas the discrepancy at ages 
50-94 is trivial ( 1.8 points, o r .  12 SD). 

A multiple regression analysis was also conducted to answer 
the same questions addressed by the multivariate and univariate 
analyses, and to identify the relative proportions of  variance ac- 
counted for by both age and education in an adult 's  test scores 
on Horn 's  abilities. For this analysis, all individuals below the 
age of  25 were eliminated, leaving a sample size of  860. The 
regression analyses were restricted to ages 25-94 because of  the 

following: (a)  the adolescents' standard scores introduced cur- 
vilinearity into the relationship of  age to test performance; and 
(b)  it was desirable to conduct at least one analysis that defined 
education consistently for all individuals (the mix of  parents '  
education and self-education introduced an unknown bias in 
the covariate analyses). 

In the multiple regression analysis, age level was used to pre- 
dict standard scores on each of  the seven subtests. To control for 
education, years of  education was entered first into each analy- 
sis, followed by chronological age in months. Age was consid- 
ered to contribute significantly to each prediction of  a Horn 
ability i f  two criteria were met: (a)  significant F at the .01 level, 
and (b)  addition of  at least 2% variance over and above the per- 
centage accounted for by education alone. The .01 level was 
chosen because of  the fact that seven analyses were conducted 
simultaneously. The 2% criterion was used to ensure that any 
increment  due to age was meaningful, not  just  statistically sig- 
nificant; with a sample of  890, even small increments in R 2 can 
be significant. 

The results of  the multiple regression analysis are shown in 
Table 8. The table also includes zero-order correlations o f  each 
subtest with age and education. All correlations with age are 
negative, with the largest values emerging for two of  the vulner- 
able abilities, Gv  ( - . 5 6 6 )  and G f  ( - . 5 1 4 ) ,  and the smallest for 
the maintained ability of  Gq  ( - . 2 9 5 ) .  Analogously, the highest 
correlations with education are for the three maintained abili- 
ties (about  .60) and the smallest is for Gv  (about .40). 

Age added significantly (p < .001 ) to all multiple regression 
coefficients after first entering education as a control variable, 

Table 5 
Mean Standard Scores on Horn's Gq and SAR Abilities, Both 
Actual and Adjusted for Education, for 14 Age Groups 

Gq (Arithmetic) SAR (Number Recall) 

Age N M SD Adj. M M SD Adj. M 

15-16 100 94.2 14.1 92.2 101.1 12.7 99.7 
17-19 109 98.5 13.5 97.8 102.4 13.8 101.8 
20-24 124 105.8 11.3 103.9 106.4 13.5 105.2 
25-29 97 100.9 15.4 98.5 104.1 12.4 102.5 
30-34 70 102.3 14.0 99.9 102.7 13.1 102.1 
35-39 93 106.5 12.9 102.8 102.1 13.6 99.8 
40-44 75 106.7 12.8 104.6 106.3 13.2 104.3 
45-49 88 102.8 13.2 102.3 101.1 14.4 100.8 
50-54 60 102.6 14.0 101.7 101.9 13.5 101.4 
55-59 70 102.0 15.0 103.4 99.4 13.9 100.4 
60-64 76 97.9 14.5 99.6 97.2 11.8 98.4 
65-69 71 97.4 16.5 101.6 93.6 15.4 96.5 
70-74 78 93.2 16.5 97.9 89.6 17.4 92.6 
75-94 82 88.0 14.8 91.8 86.5 16.3 88.5 

Note. All standard scores are relative to a reference group composed 
of all individuals ages 15-94 (N = 1,193). The differences required for 
significance when comparing any pair of mean standard scores, using 
Tukey's honestly significant difference test with a familywise alpha level 
of .05, are as follows (the value for the actual means is presented first, 
followed by the value for the education-adjusted means): Gq (7.3, 6.2) 
and SAR (7.3, 6.9). Adj. M = mean adjusted for the covariate, educa- 
tional attainment (parents' education for ages 15-24 and self-education 
for ages 25-94); Gq = quantitative ability; SAR = short-term acquisi- 
tion and retrieval. 
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Table 6 
Mean Standard Scores on Two Measures of Horn's TSR 
Ability, Both Actual and Adjusted for Education, 
for 14 Age Groups 

TSR (Auditory Delay) TSR (Rebus Delay) 

Age N M SD Adj. M M SD Adj. M 

15-16 100 95.8 14.9 94.1 104.5 14.1 103.5 
17-19 109 100.6 13.3 1 0 0 . 2  107.0 13.4 106.8 
20-24 124 104.9 13.2 103.2 109.6 12.9 108.3 
25-29 97 102.4 13.9 1 0 0 . 2  105.0 14.1 103.4 
30-34 70 105.2 13.5 103.7 100.5 14.0 99.9 
35-39 93 104.3 13.1 101.0 102.9 13.9 100.5 
40-44 75 106.2 12.9 103.6 102.7 15.3 101.3 
45-49 88 103.6 13.5 102.9 100.6 14.4 100.2 
50-54 60 105.2 13.0 104.1 102.2 13.0 101.3 
55-59 70 100.7 14.5 102.0 95.4 13.7 96.1 
60-64 76 96.4 15.1 98.1 92.8 12.6 94.0 
65-69 71 93.8 15.2 97.6 90.2 11.0 92.8 
70-74 78 93.1 15.4 97.3 90.2 12.5 93.2 
75-94 82 86.0 14.3 89.4 84.7 8.4 87.4 

vision, newspapers, magazines, and books. Either or both of 
these explanations are plausible reasons for the early peak in the 
Gc variables in the A. Kaufman and Horn (1996) study, and 
also in the Wang and Kaufman (1993) investigation. 

Those explanations cannot, however, account for that same 
finding on K-FAST Reading in this study. As indicated, this sub- 
test is more like a general information task than like a test of 
reading achievement. Its items assess knowledge of rebuses, in- 
formation contained on prescription drug labels, abbreviations 
found in recipes and want ads, and so forth. The subtest has no 
apparent Gf  component, and its items are culture saturated 
with information from the media and everyday experience. The 
precise reasons for the earlier peak of Gc in three recent inves- 
tigations compared with the later peak observed in studies of 
Wechsler's tests, and in Horn's own investigations, are unclear. 
It may be that age differences in Gc abilitieg are changing over 
time. Adults tested in the late 1980s and early 1990s may differ 
from adults tested in the mid-1950s and late 1970s on Wechs- 
ler's adult tests, and from other samples tested before the 1980s. 

Note. All standard scores are relative to a reference group composed 
of all individuals ages 15-94 (N = l, 193). The differences required for 
significance when comparing any pair of mean standard scores, using 
Tukey's honestly significant difference test with a familywise alpha level 
of .05, are as follows (the value for the actual means is presented first, 
followed by the value for the education-adjusted means): TSR--AJadi- 
tory (7.2, 6.4) and TSR--Rebus (6.9, 6.4). Adj. M = mean adjusted for 
the covariate, educational attainment (parents' education for ages 15- 
24 and self-education for ages 25-94). TSR = long-term retrieval. 

but the increment for Gq of about 1% fell short of the 2% mini- 
mum. Therefore, with educational attainment controlled, age 
was meaningfully related to performance on all Horn abilities 
except Gq. The largest increments due to age, across the 25-94 
year range, were for the three vulnerable abilities, Gv (21.4% ), 
Gf  ( 14.5% ), and TSR--Rebus Delayed Recall (8.1%). 

Discussion 

Fluid and Crystallized Abilities 

The current findings for Gc and Gf are generally consistent 
with the large body of data gathered by Horn ( 1985, 1989) and 
others (A. Kaufman, 1990). However, peak performance was at 
ages 40-44 on Go, lower than the peak of 55-64 for WAIS-R 
Verbal IQ (A. Kaufman et al., 1989) and similar peaks in 
Horn's ( 1985, 1989) research. The 40-44 peak observed in this 
study, however, was also seen in other cross-sectional investiga- 
tions ofGfand  Gc measures on which data were gathered in the 
late 1980s and early 1990s (A. Kaufman & Horn, 1996; Wang 
& Kaufman, 1993). Horn (personal communication, October 
1993) has suggested that the early peak of Gc on the subtests 
of the KAIT (Kaufman & Kaufman, 1993), reported in the 
Kaufman and Horn investigation, may be related to (a) the de- 
liberate inclusion ofa Gfcomponent in most KAIT Gc subtests 
to make these intellectual tasks dependent on problem solving 
as well as acculturation; and (b) the fact that most KAIT Gc 
subtests do not measure the kinds of crystallized knowledge 
that one obtains by intense acculturation experiences from tele- 

Horn's SAR  Ability 

In contrast to Horn's ( 1985, 1989) classification of SAR as a 
vulnerable ability, the SAR subtest in our study behaved pri- 
marily as a maintained ability, as WAIS-R Digit Span did in a 
previous study (A. Kaufman et al., 1989). However, these re- 
sults are not necessarily inconsistent with Horn's findings that 
SAR is vulnerable. K-SNAP Number Recall and WAIS-R Digit 
Span measure primary or immediate memory, whereas Horn's 
SAR ability includes secondary memory and working memory 
as well. Much of the aging decline that Horn has noted for SAR 
is a function of the person's ability to concentrate (a variable 
that Horn, 1982, refers to as concentration on slowness or COS). 
Furthermore, the ability to organize information at the time of 
encoding (EOG; Horn, 1985) "accounts for the decline of 
short-term memory . . . in adulthood" (p. 282). K-SNAP 
Number Recall, as in Wechsler's Digits Forward, demands at- 
tention rather than concentration (A. Kaufman, 1990; May- 
man, Schafer, & Rapaport, 1951 ) and requires little encoding 
because these primary memory tasks are sometimes viewed as 
deemphasizing retrieval and requiring "merely immediate ap- 
prehension" (Horn et al., 1981, p. 47). 

Moreover, this study investigated only one aspect of mainte- 
nance versus vulnerability, ignoring resilience to brain injury. 
Many studies indicate the vulnerability of Digit Span to brain 
injury (A. Kaufman, 1990; Matarazzo, 1972), and an initial 
study indicates that Number Recall is vulnerable to left hemi- 
sphere damage (Kaufman & Kaufman, 1994b, Table 7.16 ). 

Gv and TSR Abilities 

The most important findings in our study concern the Gv and 
TSR abilities. The Gv subtest, Gestalt Closure, proved to be a 
vulnerable ability, similar to the general visualization tests used 
in the early Horn and Cattell (1967) investigations. Gv was vul- 
nerable for both men and women, although the Age x Gender 
interaction was significant. Concerning TSR, the results suggest 
that the vulnerability of this Horn ability may be dependent on 
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Table 7 
Mean Standard Scores on Horn's Gv Ability (Gestalt Closure), Both Actual and Adjusted 
for Education, by Gender, for 14 Age Groups 

Men Women Total sample 

Age N M Adj. M N M Adj. M M SD Adj. M 

15-16 55 107.8 107.2 45 103.3 102.7 105.8 10.2 104.9 
17-19 63 110.9 110.7 46 108.0 107.8 109.7 9.9 109.2 
20-24 60 113.2 112.6 64 104.4 103.8 108.7 11.5 108.2 
25-29 48 113.2 111.5 49 99.5 99.4 106.3 14.1 105.4 
30-34 43 108.2 107.3 27 105.0 104.7 106.9 10.4 106.0 
35-39 55 106.6 105.3 38 103.1 102.0 105.2 12.6 103.6 
40-44 29 109.7 108.2 46 97.6 96.7 102.3 14.3 102.5 
45-49 53 105.0 104.6 35 97.4 97.7 101.9 14.1 101.2 
50-54 27 99.9 100.1 33 98.9 98.1 99.3 11.5 99.1 
55-59 31 95.5 96.2 39 92.8 93.1 94.0 13.6 94.6 
60-64 42 94.1 94.7 34 90.5 91.2 92.5 12.2 93.0 
65-69 31 86.8 88.6 40 85.5 86.7 86.1 11.9 87.6 
70-74 37 86.8 88.5 41 86.8 88.4 86.8 12.9 88.5 
75-94 33 80.5 82.3 49 80.8 81.8 80.7 7.7 82.1 

Note. All standard scores are relative to a reference group composed of all individuals ages 15-94 (N = 
1,193). The differences required for significance when comparing any pair of mean standard scores for the 
total age groups, using Tukey's honestly significant different test with a familywise alpha level of.05, are as 
follows (the value for the actual means is presented first, followed by the value for the education-adjusted 
means): Gv (6.1, 5.9). Adj. M = mean adjusted for the covariate, educational attainment (parents' education 
for ages 15-24 and self-education for ages 25-94); Gv = broad visualization. 

the nature of  the material to be stored and retrieved. The find- 
ings for Gv  and T S R  are discussed in the next sections. 

The vulnerability of Gv. Horn and Hofer (1992) indicated 
weak support  for their categorization o f  Gv  as a vulnerable abil- 
ity. Our  results offer additional confirmation for their classifi- 
cation o f  Gv, which produced the largest effect size of  any vari- 
able studied (Table 3 ). Gestalt Closure is a prototypical mea- 
sure of  Horn 's  (1989) Gv factor, as it is uncontaminated by Gf, 
Gs, or any memory  ability. For our sample, it emerged as an 
extremely vulnerable ability in all analyses conducted, produc- 
ing a pattern o f  early peak and rapid decline that is associated 
with vulnerability (Horn,  1982, 1985, 1989). Similar patterns 
were observed for the Woodcock- Johnson- -Rev i sed  ( W J - R ;  
Woodcock & Johnson, 1989) Visual Processing subtests for 

ages 18 to 70-79 (Woodcock & Mather, 1989, Table 7-4), al- 
though the latter results are mitigated to some extent by the lack 
o f  a control for educational attainment.  

Our  data and those of  the W J - R  suggest that Gv  is vulnera- 
ble. Gestalt Closure and the W J - R  Visual Processing subtests 
include unt imed items, arguing against Botwinick's  (1977) in- 
terpretation of  the classic aging pattern in terms of  the speeded 
or nonspeeded nature of  the items. As nonspeeded items, K- 
SNAP Gestalt Closure and W J - R  Visual Processing subtests 
would be hypothesized by Botwinick to be maintained abilities. 
Instead, they emerged as vulnerable abilities, in accordance 
with predictions by Horn. These findings blend with a variety 
of  evidence from diverse sources (A. Kaufman,  1990, chapter 
7) to indicate that Horn 's  (1985, 1989) G f - G c  theory offers 

Table 8 
Multiple Regression Analysis for Ages 25-94 (N = 860), Using Chronological Age and 
Self-Education as Predictors of Standard Scores on Six Horn Abilities 

Correlation R 2 
with 

R Age and Increment F of 
Horn ability (and test) Age Educ (Age and educ) Educ educ (Age) change 

Gc(Reading) -.418" .640* .676* .409 .458 .049 75.99* 
Gf(Four-Letter Words) -.514" .468* .604* .219 .364 .145 195.10" 
Gv (Gestalt Closure) -.566* .394* .607* .155 .369 .214 289.52* 
Gq (Arithmetic) -.295* .617* .625* .381 .390 .009 13.11" 
SAR(Number Recall) -.360* .447* .500* .200 .250 .050 57.96* 
TSR (Rebus Delay) -.424* .471" .550* .222 .303 .081 99.55* 
TSR(Auditory Delay) -.360* .564* .593* .318 .352 .034 44.96* 

Note. Educ = self-education. 
* p <  .001. 
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Figure 1. Education-adjusted mean standard scores across the 15- to 94-year age range for two subtests 
that measure Horn's Long-Term Retrieval: Auditory Delayed Recall (TSR-AC) and Rebus Delayed Recall 
(TSR-RL). 

a more parsimonious explanation of the classic aging pattern 
associated with Wechsler's Verbal and Performance Scales than 
does Botwinick's (1977) speeded-nonspeeded interpretation. 

The Gv Age × Gender interaction. Horn and Hofer (1992) 
indicated that performance on Gv is related to "differences in 
the developments of males and females" (p. 65 ). Jensen (1980) 
concluded from a review of  research that "the largest and most 
consistently found sex difference is spatial visualization ability. 
• . . [ The better performance by males] is not consistently es- 
tablished until about puberty, and it persists thereafter" (p. 
626). The significant Age X Gender interaction in our study 
suggests that this generalization may be wrong; gender differ- 
ences may not persist after age 50. Gender differences, by age, on 
the WAIS-R visual-spatial subtests (A. Kaufman, Kaufman- 
Packer, McLean, & Reynolds, 1991; A. Kaufman, McLean, & 
Reynolds, 1988) agree to some extent with our findings, per- 
haps challenging Jensen's (1980) unequivocal conclusions 
about visual processing. 

TSR ability. The age differences on the two TSR subtests 
reflect separate patterns, as illustrated in Figure 1, suggesting 
that TSR may be inappropriately classified as a unitary factor 
within Horn's theory. The pattern for Auditory Delayed Recall, 
a measure of TSR that assesses the amount of information re- 
tained from a previous test of  verbal-crystallized ability, corre- 
sponds approximately to the age pattern observed for Gc and 
other maintained abilities. In contrast, the pattern for Rebus 
Delayed Recall, a TSR test that used abstract symbols and as- 
sesses the amount of  information retained from a previous test 

of fluid ability, corresponds to the age pattern observed for Gf  
and other vulnerable abilities. 

This finding is intriguing because the two initial tests were 
given within a relatively few minutes of each other and so were 
the two delayed recall tests• Despite the similarities in admin- 
istration procedures, adolescents at ages 15-16, for example, 
had much better success at retrieving rebus symbols from stor- 
age than at recalling "news" from mock broadcasts (adjusted 
mean score of 103.5 on the Rebus task versus 94.1 on the Audi- 
tory task)• By contrast, adults ages 55-59 performed better on 
the Auditory (102•0) than Rebus (96.1) task. Further research 
on this topic is needed to clarify whether TSR is a unitary, main- 
tained ability or whether its age patterning is a function of  the 
stimuli to be stored and retrieved. In addition, the present tasks 
required storage of information for less than an hour. Because 
the task requirements involved retrieval following an interval of 
more than a few minutes, the tasks clearly fit Horn's (1989) 
definition of  TSR. However, much of  the writing about TSR by 
Horn and his colleagues (Horn & Hofer, 1992; Horn & Risberg, 
1989) makes it clear that they are primarily interested in stor- 
age for hours, weeks, or years, such that "retrieval indicates con- 
solidation, 'making sense out of  information,' and depth of  pro- 
cessing" (Horn & Hofer, 1992, p. 69). Our findings with the 
KAIT  delayed recall tests, therefore, may not generalize to 
learning that is stored for much longer intervals. 

Nonetheless, Horn (personal communication, September 
1994) considers the different patterns for the two TSR tasks sug- 
gestive of "intriguing hypotheses" concerning the way that in- 
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format ion  becomes stored, consolidated,  and  retrieved. The  im- 
pl icat ions of  the new evidence on the TSR ability, Horn  sug- 
gests, are as follows: ( a )  The  in fo rmat ion  tha t  gets consolidated 
does so th rough  different processes, and  the a m o u n t  tha t  gets 
consol idated relates to these processes; ( b )  the consol idat ion for 
elderly individuals  seems to be bet ter  for in fo rmat ion  learned 
dur ing  Gc  tasks (on  which they generally per form bet ter  than  
on G f t a s k s ) ,  wi th  the reverse pa t te rn  holding for young adults;  
and  (c )  even though one cognitive process may be more  preva- 
lent  for a specific task, processes such as encoding,  mak ing  sense 
out  o f  in format ion ,  pu t t ing  in format ion  in to  long-term storage, 
and  retrieval are in terre la ted and  c a n n o t  easily be pulled apart .  

Limitations of the Study 

The principal limitations of the investigation are the use of 
cross-sectional methodology and the use of only one subtest to 
assess five of the six Horn abilities. The cross-sectional method- 
ology was unavoidable because that was the design of the data 
collection. This limitation was mitigated to some extent be- 
cause (a) the age samples were fairly substantial in size relative 
to most cross-sectional data sets, (b) the age samples were fairly 
representative of the United States on important background 
variables, and (c)  the key cohort variable of educational attain- 
ment (on which representative cross-sectional age samples 
differ substantially) was used as a control variable in this study. 
Nonetheless, other important cohort variables were uncon- 
trolled, such as the particular history of individuals growing up 
during the 1929 Depression, World War II, or the Vietnam 
War; differences in informal educational opportunities as a 
function of the enlightenment of  parents regarding the impor- 
tance of  early stimulation; differences due to the degree of ac- 
cessibility of information through mass media; and so forth. 
This study reports age difference data; any developmental 
trends that are noted are purely inferential and require cross- 
validation with longitudinal or cross-sequential investigations. 
One good cross-validation procedure is the technique of cohort 
substitution (Kausler, 1982), that is, testing independent sam- 
ples of individuals from the same cohorts at different points in 
time. If the samples are truly random and comparable on im- 
portant variables, then cohort substitution controls for the 
effects of  testing and experimental mortality (Schaie, 1983 ). 

The use of one subtest for most Horn abilities limits general- 
izability, pending cross-validation with composite measures of 
each Horn factor. In addition, previous factor analytic data sup- 
ported the Horn label assigned to the Go, Gf, Gv, and SAR sub- 
tests, but the labels for the Gq and TSR subtests are based on 
face validity and subjective judgment. Factor analytic support 
for all variables in this study is, therefore, essential. 

One final limitation concerns the inability to analyze age 
differences on the Horn abilities for the separate ethnic groups 
t ha t  compose  the  sample  (see Table 1 ) because the subsamples  
of  minor i ty  individuals  were too small  to  pe rmi t  meaningful  
analysis. Such analyses would have been of  interest  because of  
the significant Whi t e - B l ack  differences tha t  were observed on 
the six Horn  abilit ies (J. K a u f m a n  et al., 1995).  Whi tes  out- 
scored Blacks, with  educat ion  covaried, on  all subtests; differ- 
ences were largest on G q  ( SD  = .79) and  smallest  on  SAR (SD 
= .36) and  G f  (SD = .31 ). Whereas  no  significant Age × Race 

interactions were obtained for any Horn ability (Chen, Kauf- 
man, & Kaufman, 1994), the age groups were too broad (e.g., 
55-93) to permit meaningful inferences about life span 
development. 
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Correction to Sherman et al. (1995) 

The  art icle " C o n s t r u c t  Validity of  W A I S - R  Factors: Neuropsychological  Test Correla tes  in 
Adults  Referred for Evalua t ion  o f  Possible Head  Injury," by El isabeth Sherman,  Esther  Strauss, 
F rank  Spellacy, and  Michae l  H u n t e r  ( Psychological Assessment, 1995, Vol. 7, No. 4, pp. 4 4 0 -  
444),  con ta ined  an  error. 

In the reference list on  page 444, l ine 36, the  reference incorrect ly  reads, "Rei tan ,  R. M., & 
Davidson,  L. A." The  correct  spelling is Davison.  


