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ABSTRACT. The Flynn Effect (1. Flynn, 1987) refers to the apparent increases in intelli-
gence quotient (IQ) observed over the past few decades. A related phenomenon is that the
variance in test scores accounted for by Spearman’s g (C. Spearman, 1904) varies accord-
ing to 1Q level. That is, g accounts for less variance in high 1Q groups than in low 1Q
groups. Spearman termed this variant aspect of g the “law of diminishing returns.” This
study extends prior research on the Flynn Effect and the law of diminishing returns by
examining changes in the statistical importance of Spearman’s g that may accompany sec-
ular increases in 1Q. Based on the standardization data from the United States versions of
the Wechsler scales (i.e., Wechsler Preschool and Primary Scales of Intelligence, D. Wechs-
ler, 1967; Wechsler Intelligence Scale for Children, D. Wechsler, 1949; Wechsler Adult
Intelligence Scale, D. Wechsler, 1955), this study indicated that, in most cases, the statis-
tical significance of Spearman’s g has indeed declined over the past several years. A. R.
Jensen (1998) suggested that the components of the Flynn Effect warrant special investi-
gation. The present study addresses this issue, in part by analyzing the Verbal and Perfor-
mance subscales of the Wechsler scales. Additionally, this study further confirms the law
of diminishing returns as applicable to different ages and time periods.

————————— ]

CHARLES E. SPEARMAN (1904) introduced the construct of general intelli-
gence (g) to describe the common variance shared by a battery of cognitive tests.
Usually represented as the first unrotated principal component in a factor analy-
sis of a test battery (see Jensen & Weng, 1994), Spearman’s g routinely accounts
for around 50% of the total variance in scores from cognitive tests (Jensen, 1998).
Although the topic of considerable scientific and societal debate (e.g., Gould,
1981; Herrnstein & Murray, 1994), ¢ has endured as a viable scientific phenom-
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enon and is compatible with most psychometric theories of intelligence (Carroll,
1993, Jensen, 1998).

On a related topic, the mean level of intelligence in a number of countries
seemingly has increased significantly over the past few decades, with total accu-
mulated gains usually on the order of 15 intelligence quotient (IQ) points. These
increases in measured IQ have been termed “massive” (e.g., Flynn, 1987). The
term usually associated with these secular gains is the Flynn Effect, referencing
the author of the most cited review addressing this phenomenon. In most coun-
ries where the Flynn Effect has been observed, economic growth and develop-
ment have accompanied measured increases in 1Q.

The underlying causes of the Flynn Effect are open to debate. Some
researchers (e.g., Teasdale & Owen, 1987) have attributed the increases to greater
cognitive stimulation afforded through environmental improvements (e.g., tele-
vision, toys, and schooling). Other researchers (e.g., Lynn, 1992) have under-
scored improved nutrition and health care. Still other researchers (e.g., Neisser,
1998) believe these impressive gains simply represent the increasing overlap
between material on intelligence tests and information common to a specific cul-
ture and society.

One means of gaining insight into the underlying nature of the Flynn Effect
is to investigate the factor structures of intelligence tests from different periods
of time. A theoretical justification for this procedure may be found in Spearman’s
law of diminishing returns. In The Abilities of Man, Spearman (1927) noted that
correlations between test scores vary according to intellectual ability, with corre-
lations being higher among individuals with low IQ than among those with high
IQ. Spearman remarked:

Now, all the changes we have been considering follow a general rule. The correla-
tions always become smaller—showing the influence of g on any ability to grow
less—in just the classes of person which, on the whole, possess this g more abun-
dantly. The rule is, then, that the more “encrgy” & person has available aleeady, the
less advantage accrues to his ability from further increments of it. (p. 219)

Spearman did not write extensively on this finding, mentioning it only in light
of the “diminishing returns of g” (p. 127). This peculiar aspect of g remained
largely uninvestigated until Detterman and Daniel (1989) divided the standard-
ization samples of the U.S. versions of the Wechsler Intelligence Scale for Chil-
dren-Revised (WISC-R; Wechsler, 1974) and the Wechsler Adult Intelligence
Scale-Revised (WAIS-R; Wechsler, 1981) into five ability groups and calculated
the intercorrelations between subtests. They found that the average intercorrela-
tion score between subtests declined significantly as ability increased. For those
with IQs below 78, intercorrelations averaged .56, uncorrected for range restric-
tion; for those with IQs above 122, intercorrelations averaged .22, These results
confirmed Spearman’s law of diminishing returns and suggested that the amount
of variance attributable to g varies inversely with intelligence. Other studies
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(Brand, 1996) have found similar results, confirming that g exerts a greater influ-
ence at the lower end of the intellectual spectrum. In particular reference to the
Flynn Effect, Spearman’s law of diminishing returns offers the intriguing possi-
bility that, as scores on standardized intelligence tests increase over time, there
may be a concomitant decrease in the variance accounted for by g. In other
words, Spearman’s law of diminishing returns also should occur on a secular
level. The magnitude of test intercorrelations serves as a barometer of the influ-
ence of g; therefore, information on test intercorrelations across time should pro-
vide reasonably straightforward information as to the nature of possible secular
changes in cognitive abilities.

The purpose of the present study was to investigate the hypothesis of a
decline in g using standardization data obtained from the U.S. versions and revi-
sions of the Wechsler Preschool and Primary Scales of Intelligence (WPPSI;
Wechsler, 1967), the WISC (Wechsler, 1949), and the WAIS (Wechsler, 1955).

Method

The WAIS was standardized on 1,700 American adults selected as represen-
tative of the population on the basis of the 1950 U.S. census. There were seven
different age groups, ranging from 16 to 64 years, with 200 participants at the
three age levels between 16 and 24 years (i.e., 16-17, 18-19, and 20-24), 300
participants at the age levels between 25 and 54 years (i.e., 25-34, 3544, and
45-54), and 200 participants in the 55- to 64-year-old group. An equal number
of males and females participated in the standardization.

The WAIS-III (Wechsler, 1997) is the latest revision of the original WAIS
and represents an attempt to sample a greater array of cognitive abilities. The
WAIS-III standardization sample included 1,250 individuals ranging from 16 to
89 years old. Thirteen age levels were represented, with between 75 and 100 indi-
viduals at each level. The WAIS-III standardization sample was stratified to
ensure that it was representative of the 1990 U.S. census population.

The WISC was designed as a downward extension of Form II of the Wechs-
ler-Bellevue Intelligence Scale (1939) and intended for use with children
between 5 and 15 years old. The WISC standardization sample was representa-
tive of the 1940 U.S. census population and consisted of 2,200 American chil-
dren, with 100 boys and 100 girls at each of 11 age levels. Unlike the WAIS,
which included non-Whites (e.g., Blacks, American Indians, Asians, and Puerto
Ricans) in its standardization sample, the WISC relied exclusively on White chil-
dren. The exclusion of minorities serves to reduce the variance of WISC test
scores and therefore attenuates subtest intercorrelations, However, the present
study was conducted with the assumption that the Flynn Effect, and the accom-
panying decline in the statistical significance of Spearman’s g, would be suffi-
ciently pronounced as to overcome this inexplicable shortcoming in the WISC
standardization.
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The standardization procedures for the WISC-III (Wechsler, 1991) were sim-
ilar to those of the WAIS and WAIS-IIL. A sample of 2,200 children was distrib-
uted evenly among 11 age levels from 6 through 16 years old, with an equal num-
ber of boys and girls at each level. Within each age level, the sample matched the
1988 [J.S. census data according to race, socioeconomic status (SES), gender,
geographic region, and parents’ education.

The WPPSI represents the final downward extension of the Wechsler scales
and is intended for use with children between 4 and 6% years old. The WPPSI
was standardized on 1,200 American children, with boys and girls distributed
equally in each of six age levels, separated by half years. The 1960 U.S. census
data were used to select a representative standardization sample based on race,
SES, gender, geographic region, and father’s education.

The WPPSI-R (Wechsler, 1989) has a more extensive age range than its pre-
decessor, from ages 3 to 7 years. The WPPSI-R was standardized on 1,700 Amer-
ican children, stratified by age, gender, SES, and geographic region. There were
100 boys and 100 girls at each of eight age groups, from 3 through 7 years old,
and one group of 50 boys and 50 girls at 7 years old. The 1986 U.S. census data
were used 1o select representative children for the normative sample.

The subtests of the various Wechsler scales have shown satisfactory to out-
standing reliability, Median split-half reliability coefficients ranged from .67 to
.87 for the verbal tests and from .63 to .87 for the performance tests. The relia-
bility estimates were relatively the same across all age levels. Standard errors of
the intercorrelations were small, averaging about .05. The sample sizes were more
than adequate to ensure adequate estimates of reliability. Thus, the correlations
between subtests are reasonably accurate and close to the true correlations
between the subtests. No corrections were made for unreliability.

The WPPSI and WPPSI-R have 11 subtests in common, as do the WAIS and
WAIS-II1. The WISC and WISC-III have 12 subtests in common. For each pair
of scales, average intercorrelations among the common subtests were normalized
using Fisher transformations, The means of these transformed correlations then
were compared across (a) correlations between all subtests, (b) the verbal sub-
scales, (c) the performance subscales, and (d) the verbal and performance scales.

Comparisons then were made using independent sample 7 tests at the .05
alpha level. Because a decline in test correlations was predicted, all tests for sig-
nificance were one-tailed. These analyses then were followed by maximum like-
lihood analysis, to compare the correlation matrices for equality.

Results

Mean normalized intercorrelations between the common subtests are con-
tained in Table 1. The table is divided into three sections, with each section devot-
ed 1o one of the Wechsler scales. The predicted decline in subtest intercorrelation
scores occurs for the WPPSI, WISC, and WAIS and their respective revisions. On
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TABLE 1
Mean Normalized Intercorrelations Between Subtests of the Wechsler Scales
Test N M SD M SD |
WPPSI WPPSI-R
All 55 47 10 40 A1 3.0%*
Verbal 15 58 08 42 08 6.0%*
Performance 10 A6 10 58 07 5.5%+
Verbal-Peformance 30 .40 09 34 .07 3.3%»
wISC WISsC-1ll
All 66 44 A3 .39 = Y] 2.0*
Verbal 15 56 A6 58 18 3
Performance 15 44 .08 34 .15 2.5
Verbal-Pelformance 36 39 A1 33 12 2.0*
WAIS WAIS-IH
All 55 65 J4 54 .16 3.0%=
Verbal 15 a7 19 70 21 1.0
Performance 10 64 07 .50 A1 3.5%»
Verbal-Peformance 30 59 08 A7 .08 G.0**

Note. WPPSI = Wechsler Preschool and Primary Scales of Intelligence. WISC = Wechsler Intelli-
gence Scale for Children. WAIS = Wechsler Adult Intelligence Scale.

*Sttistical significance using one-tailed tests at the .05 alpha level. **Statistical significance using
one-tailed tests at the .01 alpha level.

the WPPSI and WPPSI-R, mean intercorrelation scores decreased significantly
from .47 to .40, #(54) = 3.0, p < .01. For the WISC and WISC-III, mean inter-
correlation scores significantly decreased from .44 to .39, (65) = 2.0, p < 05.
The WAIS and WAIS-III displayed the numerically largest decline in mean inter-
correlation scores, from .65 to .54, 1(54) = 3.9, p < .0l

Mean intercorrelation scores on Verbal subtests for the WISC and WISC-III,
as well as the WAIS and WAIS-III, showed no significant declines. However,
mean intercorrelation scores on the WPPSI and WPPSI-R declined significantly,
1(14) = 6.0, p < .01, from .58 to 42.

The Performance subscale mean intercorrelation scores decreased signif-
icantly on the WISC and WISC-III, from .44 to .34, 1(14) = 2.5, p < .01. They
also decreased significantly for the WAIS and WAIS-III, from .64 to .50, #(9)
= 3.5, p < .01. In contrast, mean intercorrelation scores on the WPPSI and
WPPSI-R increased significantly, from .46 to .58, 1(29) = 5.5, p < .0l.

Also reported are the means of cross-correlations between the Verbal and
Performance subtests from the Wechsler scales. Each revision of the three Wechs-
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ler scales evidenced a significant decrease: a .06 decrease on the WPPSI-R, #(29)
=323, p < .01; a .06 decrease on the WISC-TI, #(35) = 2.0, p < 05; and a .12
decrease on the WAIS-III, #(29) = 6.0, p < .01.

Maximum likelihood analysis supported the findings. The WISC, WAIS,
WPPSI, and their subsequent revisions were tested for equality between the cor-
relation matrices, Comparison of the WISC and WISC-III yielded significant dif-
ferences in structure, ¥(72) = 240, p < .01. Analysis of the WAIS and WAIS-III
also produced a significant result, xX(66) = 916, p < .01. Finally, comparison of
the WPPSI and WPPSI-R was significant, ¥%(66) = 125, p < .01. Thus, for each
of the Wechsler scales, significant differences exist between the sets of correla-
tions from the original and its most recent revision.

Discussion

On measures of intelligence administered over one or more decades, the mag-
nitude of g appears to decrease while the average 1Qs within a nation concomi-
tantly increase. Using the original and latest revisions of the various Wechsler
scales as a point of reference, we noted a statistical decline in the magnitude of g
on 9 of the 12 pairs of comparisons. Between 1967 and 1989, children at the age
levels in the WPPSI and WPPSI-R standardization sample experienced an average
increase in 1Q of 8 points. This populational increase in IQ was accompanied by
a 15% decline in the statistical influence of g. Between 1949 and 1994, increases
in adult intelligence evidenced by the Flynn Effect were accompanied by an 11%
decline in the statistical magnitude of g. Similarly, increases in adult intelligence
as measured by the WAIS and WAIS-III saw a concomitant decrease in the vari-
ance attributable to g, a drop on the order of 17% of its 1955 magnitude.

On measures of intelligence administered over one or more decades, 1Q
increases are larger on measures of nonverbal ability and tests that do not empha-
size scholastic content. For example, Wechsler scales show IQ changes of 7.8 on
Performance and 4.2 on Verbal (Jensen, 1998). Thus, in contrast to the Verbal sub-
scales, the Performance subscales were expected to show a stronger decline in g.
This expectation was confirmed in comparisons between the original and revised
editions of the WISC and WAIS. On both measures, the statistical decline in g
was significant on the Performance subscales and was not significant on the Ver-
bal subscales.

The singular unexpected finding was that the statistical magnitude of g
increased across the WPPSI and WPPSI-R Performance subscales. This change
was in the direction opposite that expected, prompting further examination. The
magnitude of g was examined for each of the six age levels common to the WPPSI
and WPPSI-R. The results followed no strong developmental trends, either when
we compared age levels within each test or when we compared age levels across
tests. Thus, rather than purely reflecting changes in the population of preschool
children between 1967 and 1989, these unexpected findings may be attributable
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to changes in WPPSI items during renorming. The WPPSI-R was published 22
years after the original version. In addition, the age range is 2 years wider, with
a l-year extension both upward and downward. Although the WPPSI-R is high-
ly reliable, about 40% of its items are different from those of the WPPSI. There-
fore, although a statistical decline in the influence of g may have occurred across
the populations tested by the versions of the WPPSI, this decline is likely
obscured by the dramatic changes in the test format.

In addition, few studies have systematically investigated the structure of
mental abilities of young children. The findings of studies using very young chil-
dren as participants have suggested models of adult intelligence cannot ade-
quately account for the intellectual ability of children (Miller & Vernon, 1996).
The WPPSI simply may not provide an adequate representation of children’s abil-
ities. Replication of this study, using other intelligence tests designed to measure
the cognitive abilities of young children, is strongly recommended.

In a comprehensive review of the malleability of 1Q, Bouchard and Segal
(1985) concluded that “no single environmental factor appears to have a large
influence on 1Q" (p. 452). Therefore, secular declines in the statistical magnitude
of g, as evidenced in this study, are probably related to various conditions, each
possibly contributing to the observed cumulative effect. Assuming that fluid abil-
ities are strongly influenced by biological factors, the significant decline among
the Performance subtest intercorrelations suggests that these changes may be
related to variations in the biological substrate of intelligence. A number of other
biological changes found in the population parallel the patterns observed in this
study. For example, gains in height mirror increases in IQ, when compared in
standard deviation units (e.g., Martorell, 1998).

Of the many explanations offered for the secular increases in Q) and the con-
comitant statistical decrease in g, a few deserve to be underscored. First, virtual-
ly every industrialized country, including the United States, has experienced
improvements in nutrition (Jensen, 1998; Lynn, 1992). People in the United
States consume vast amounts of processed foods, which frequently are augment-
ed and fortified with nutrients. Improved nutrition may enhance the development
of specialized cognitive abilities, a process that would lead to differentiation of
cognitive abilities and a statistical decline in g. Second, the mandatory inocula-
tion of children has eliminated or greatly reduced the frequency and intensity of
many childhood illnesses (e.g., rubella, scarlet fever) that may inflict a toll on
cognitive growth. Third, better prenatal care has decreased the incidence of fetal
loss and infant mortality, and presumably, has contributed to healthier and more
intelligent babies. Fourth, social mobility and geographic migration occur com-
monly within the United States. Fewer adults spend their lives in the same loca-
tion in which they were born. Thus, regional and class barriers have relaxed and
there is an increase in outbreeding. Outbreeding (i.e., hybrid vigor) has a positive
effect on IQ. Most notably, the effect of outbreeding on 1Q has been readily
observed in the southern regions of the United States. Wheeler (1942) noted that
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between 1930 and 1940, there was a 10-point increase in IQ among individuals
residing in the southern United States.

Certainly, any inferences regarding the results of the present study are limit-
ed to the conditions that may have affected the standardization samples analyzed.
The Flynn Effect, as observed over the past few decades, cannot be extrapolated
forward or backward more than a few years. If the Flynn Effect occurred in this
magnitude over time, with a 15-point increase in IQ per generation, then the aver-
age 1Q of an individual born around 1900 would be 65. Taken 10 absurd extremes,
persons living at the time of Leonardo da Vinci would have an IQ on the order 5,
if tested with the WAIS-III, Similarly, if the Flynn Effect were extrapolated for-
ward, virtually every first world country would be in the midst of a cultural renais-
sance (Flynn, 1987). The results of this study should not be generalized to other
populations or time periods.
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