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JAPANESE  Examination of the average score on
tests of intelligence for the Japanese living in Japan has
yielded inconsistent findings. As R. Lynn and S. Hamp-
son (1986) report in their review of the literature, the
estimated average full scale intelligent quotient (IQ) of
the Japanese has ranged from 106 to 138, depending
upon the test used to measure intelligence. Subscale
IQs such as verbal and performance 1Qs have dem-
onstrated a slightly greater range. Average 1Qs for
Americans generally fall at approximately 100 for most
measures. The purpose of this entry is to highlight
briefly some of the issues pertaining to the intellectual
abilities of the Japanese as indicated in the literature,
and biological, cultural, and environmental factors as
they impact scores on tests of intelligence. The areas
to be covered include differences in intelligence be-
tween Japanese and Americans and cultural and bio-
logical factors noted with respect to intellectual
abilities.

DIFFERENCES IN INTELLIGENCE
BETWEEN JAPANESE AND AMERICANS

In the 1950s and 1960s, Japanese psychologists ex-
amined the construct of intelligence based upon tests
developed and standardized in Japan (Iwakaki & Ver-
non, 1988). In the 1970s, Iwakaki and Vernon noted
that the measurement of intelligence in Japan focused

on differences in abilities and was believed to promote
the spread of inequality in the schools. Tests of 1Q
were viewed as “imperfect instruments of measure-
ment by both professionals and nonpsychologists” (p.
368).

Despite these unfavorable attitudes, American tests
measuring cognitive abilities have been translated and
restandardized in Japan (Lynn, 1987). For example, all
of the Wechsler Infelligence Scales have been adapted
for use in Japan. The Wechsler scales represent the
most frequently used individual IQ tests in the United
States. Comparisons of scores ebtained on the Wechs-
ler scales for Japanese and Americans have been ques-
tioned, however, given the changes made on items
translated from English to Japanese to maintain cul-
tural relevance, differences in time allotments for par-
ticular tasks, and the sampling characteristics of the
Japanese standardization sample. For example, to ask
a Japanese child the distance between two cities in
America, as is done in some American IQ tests, would
not be relevant. Rather, the item would be changed to
reflect two cities in Japan.

H. W. Stevenson and colleagues (1985) examined
the performance of Chinese, Japanese, and American
children on ten cognitive and achievement tests. These
researchers found similarities among the three groups
in the structure of their cognitive abilities. However,
the Chinese and Japanese children obtained higher av-
erage scores in mathematics.
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Research has indicated that the Japanese have
higher average IQs than other ethnic groups. Accord-
ing to Iwakaki and Vernon (1988), overall findings re-
veal that the Japanese have a mean 1Q of 110 on
nonverbal and spatial tests and 100 on verbal tests.
Although they do not specify a full scale 1Q, Iwakaki
and Vernon cited research indicating that the overall
intelligence of the Japanese is higher than that of
adults and children in the United States.

In 1982, R. Lynn published an article addressing the
growing disparity in 1Q on the Japanese Wechsler In-
telligence Scale for Children—Revised (J-WISC-R) in
comparison with the American Wechsler Intelligence
Scale for Children—Revised (WISC-R). Given the
changes made in translating the test, Lynn utilized only
five of the nonverbal performance subtests (Block De-
sign, Mazes, Picture Arrangement, Object Assembly,
and Coding) and one of the verbal subtests, Digit Span.
These subtests remained virtually unchanged in the
translation from the American to the Japanese version
of this test. Lynn then took the average raw scores
reported in the Japanese manual for these subtests and
converted them to IQs based on the norms contained
in the American WISC-R manual. Based on this anal-
ysis, he concluded that the Japanese “superiority is
most pronounced on the tests of Block Design, Mazes,
Picture Arrangement, and Object Assembly” (p. 297).
These subtests involve visual-motor abilities and visual-
spatial reasoning. The Japanese children were found
to do less well on the digit span and coding subtests.
These subtests both involve short-term memory. Par-
allel findings were noted in conducting a similar anal-
ysis of the Japanese Wechsler Adult Intelligence Scale
and the American Wechsler Adult Intelligence Scale
(Lynn, 1982).

Japanese children typically obtain higher full scale
IQs (Lynn, 1987). This difference in the full scale 1Q
reflects superior performance on the visual-spatial sub-
tests, although the Japanese score lower than Ameri-
cans on verbal subtests.

The superiority of the Japanese on visual-spatial
abilities varies depending upon age. The developmen-
tal trend noted in Lynn’s (1987) review indicates that
all abilities show gains over the years. With increas-
ing age, both verbal memory and numerical abilities
improve. In particular, Lynn suggests that school ex-
posure may influence this developmental trend. Spe-

cifically, “compulsory schooling in Japan begins at the
age of 6 years, and it is from about this age that Jap-
anese children show a strong increase in their number
and memory span abilities” (p. 817).

Lynn’s (1982) work also revealed a growing dispar-
ity between the averages obtained on tests of 1Q in
Japan and the United States. Based on his examination
of studies comparing IQ data on the Japanese with
American norms for over seven decades, Lynn con-
cluded that Japanese children born between 1910 and
1945 had an average IQ of approximately 102-105.
Japanese children born from 1946 to 1969 have a
mean of 108~115. “This suggests that the mean Japa-
nese 1Q has been rising relative to the American (IQ)
during the 20th century” (p. 222).

Differences in information processing may also dis-
tinguish between American and Japanese abilities. Jap-
anese children demonstrate a preference for tasks
requiring simultaneous processing in comparison with
sequential processing. The test used to assess these
forms of processing for children aged 6 to 16 is the
KAUFMAN ASSESSMENT BATTERY FOR CHILDREN (K—ABC;
Kaufman et al., 1989). Simultaneous processing refers to
making decisions and solving problems based upon an
integrated and simultaneous approach to tasks often
presented in spatial form. Successive or sequential pro-
cessing on the other hand involves processing in a
step-by-step, sequential manner. Sequential processing
tasks include short-term memory tasks and word
reading (Sattler, 1992).

A. S. Kaufman and associates (1989) suggest that
these findings regarding processing differences are
consistent with the noted strengths in spatial reasoning
and auditory memory, and the relative weaknesses in
serial memory and verbal memory for Japanese children.
Results of a study by Stevenson and colleagues (1985)
supported this pattern of abilities for Japanese children
in grades one and five in comparison to American

children.

EVOLUTIONARY, NEUROLOGICAL,
LANGUAGE, AND
CULTURAL HYPOTHESES

Researchers have advanced numerous hypotheses
to account for the differences observed in IQ for the

Japanese (e.g., visual-spatial versus verbal abilities).

626



JAPANESE

These include evolutionary, neurological, language,
cultural, and educational explanations. The following
discussion highlights some of these issues.

Evolutionary, Neurological, and Language
Hypotheses. Lynn’s (1987) evolutionary and neu-
rological theory suggests that during the Ice Age the
extreme cold created “a selection pressure for in-
creases in ‘g’ and visuospatial abilities” (p. 813). Dur-
ing this time Asians became dependent upon hunting
for their food, and “visuospatial skills underlie good
hunting skills” (p. 833). The “enhancement” of visuo-
spatial skills “took place at the expense of verbal abil-
ities [and] verbal abilities were sacrificed to permit an
increase in visuospatial abilities” (p. 833).

Given this suggested evolution of abilities, Lynn hy-
pothesized that distinctive features of the neurology of
the brain developed. He cites literature indicating that
verbal abilities are located in the left hemisphere and
visuospatial abilities are located in the right hemi-
sphere. Lynn suggests that the pattern of Japanese abil-
ities and the resulting neurology must have some
“genetic basis which may possibly be enhanced by en-
vironmental processes” (p. 837).

Tsunoda (cited in Vernon, 1982) also supports the
notion, admittedly supported only weakly by biomed-
ical research, that Japanese performance on IQ tests
correlate with neurological processes. He uses the ex-
ample of the Japanese language to support the linkage
between neurology and intellectual abilities. In partic-
ular, he believes that the Japanese language determines
to some extent the neurological pathways of auditory
processing. The few researchers who accept this rela-
tionship hypothesize that the Japanese may make more
use of the right hemisphere of the brain, and Ameri-
cans generally make more use of the left hemisphere
(Iwakaki & Vernon, 1988).

P. E. VERNON (1982) cites differences, again sup-
ported only weakly by biomedical investigators, be-
tween the Japanese and Western (American and
European) brain hemispheres in terms of the process-
ing of auditory information. Generally in the Western
brain, the left hemisphere processes analytical and ver-
bal information. The right hemisphere processes spa-
tial, musical, and creative information. The Japanese
brain, on the other hand, processes emotional stimuli,
music, as well as analytical calculations and language
in the left hemisphere. The right hemisphere processes

primarily mechanical sounds, pure tones, and Western
music.

Further support is possible for the hemispheric dif-
ferences between the Japanese and Americans with re-
spect to the processing differences. Again, the Japanese
reportedly demonstrate a preference for tasks involv-
ing simultaneous processing in comparison with se-
quential processing. Research on cerebral functioning
of the brain indicates that sequential processing cor-
relates with the left hemisphere and simultaneous pro-
cessing with the right hemisphere. Thus, the Japanese
may have a differential preference for processing and
utilization of the abilities located in the right hemi-
sphere.

Differences in hemispheric processing are also ap-
parent from examination of writing systems. The Jap-
anese language is notably different from FEuropean
languages. There are four systems of writing in the
Japanese language—~Katakana and Hiragana, the pho-
netic writing systems; Kanji, which is the ideographic
system adapted from the Chinese characters; and Ro-
maji, which uses the Latin alphabet (Vernon, 1982).
The Japanese use some 2,400 characters in day-to-day
life. In addition, children learn approximately 100
Kanji characters by second grade and nearly 1,000 by
the sixth grade. Children learn many of the Kanji char-
acters by rote, though phonetic components are in-
cluded. Hatta (cited in Iwakaki & Vernon, 1988)
indicates that the processing of Japanese Kanji is lo-
cated in the right hemisphere, whereas language pro-
cessing occurs primarily in the left hemisphere for
American groups. Thus, language processing differ-
ences may exist between the Japanese and American
based upon hemispheric differences.

Cultural and Educational Hypotheses. An
alternative to the evolutionary, biological, and lan-
guage hypotheses are cultural and educational expla-
nations for the slightly higher average Japanese 1Q
patterns. M. Kornhaber, M. Krechevsky, and H. Gard-
ner (1990) suggest that in Japan “the development of
intelligence is fostered by widely shared values which
in turn are supported by the institutions of the soci-
ety” (p. 184).

Children socialize early to abide by the norms and
mores of the Japanese culture. Vernon (1982) notes
that the average scores earned by Japanese on perfor-
mance subtests reflect the Japanese family traditions,
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which emphasize nonverbal rather than verbal abilities.
The Japanese demonstrate a preference for nonverbal
signals to communicate feelings and status (Vernon,
1982). Hsu and colleagues (1986) offer the following
opinion:

As clear statements of individual feelings and thoughts
may risk disagreement, it is culturally adaptive for one
to be more indirect and ambiguous. The Japanese also
value implicit, nonverbal, intuitive communication over
explicit, verbal, and rational exchange of information.
Family and in-group members rely more on nonverbal
cues and physical contact for real communications. One
should, they believe, be sensitive to what is implied

rather than what is expressed [p. 320].

H. Morsbach (1980) cites historical factors that pro-
mote the nonverbal “style” of Japanese culture. In par-
ticular, he points to the influence of Zen Buddhism
and the development of a highly prescribed social
structure as considerations in understanding the non-
verbal emphasis of the Japanese. For example, in Zen,
the means to enlightenment is through mediation
rather than action or performance.

The empbhasis placed upon high achievement in Jap-
anese society has been identified through history. Chil-
dren perhaps attain high scholastic goals through hard
work and commitment rather than through innate in-
telligence. Strengths in numerical reasoning for the
Japanese also appear in the research literature. Vernon
(1982) indicates that the mathematics curriculum in
Japan is clearly more advanced than in the United
States. A study by Stevenson and associates (1986) re-
veals that in comparing the educational curriculum of
American schools, such as in Minneapolis, and Japa-
nese schools, such as in Sendai, American first-grade
teachers spent approximately half as, much time on
mathematics as did first-grade teachers in Japan. On
the other hand, reading, spelling, and writing received
much more focus in American classrooms in compar-
ison with Japanese classrooms. The study also con-
cluded that differences in mathematics achievement
were evident before the children had finished their
first year in school. The authors suggest that parental
factors also may play a role to account for this finding.
Japanese children appear to spend more time in school
(240 days of instruction, 5 V2 days per week) in com-
parison with American children (178 days of instruc-

tion, 5 days per week). American children appear to
be less attentive to teacher instruction during school
and to complete less homework than their Japanese

counterparts.

CONCLUSIONS

Although much research continues in the area of
the slightly higher-than-average scores on IQ tests of
the Japanese, direct comparison of Japanese and Amer-
icans is difficult, given differences in cultural, environ-
mental, language, education, and other related factors.
Findings are a bit more consistent, however, regarding
the relatively higher visual-spatial and numerical rea-
soning abilities of the Japanese in comparison with
verbal abilities and preferences for simultaneous rather
than sequential processing.

(See also: ASIAN AMERICANS.)
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TeERRY B. GUTKIN

JENSEN, ARTHUR R. (1923- ) Oneof
the highly visible educational psychologists and re-
search methodologists currently working, Arthur Jen-
sen was born in San Diego in 1923, where he obtained
his primary and secondary education, graduating from
Herbert Hoover High in 1941. Jensen played clarinet
in his high school band and orchestra, an activity he
currently enjoys as a leisure activity. In 1945, he
earned a B.A. degree in psychology from the Univer-
sity of California at Berkeley followed by an M.A. in
psychology from San Diego State University (1952),
and the Ph.D. in psychology from Teachers College of
Columbia University in 1956. From 1956 through
1958, Jensen was a United States Public Health Service
(USPHS) Postdoctoral Research Fellow working under

Hans |. EYSENCK, then head of the psychology depart-
ment of the University of London’s renowned Institute
of Psychiatry. According to Jensen, nearly all of his
subsequent research in psychology was stimulated di-
rectly or indirectly by his stint under Eysenck, with
whom he has maintained a friendship. Jensen, origi-
nally trained as a clinical psychologist, views himself
principally as a differential psychologist, that is, a psy-
chologist who studies the presentation, nature, and
nurture of individual differences.

Following his USPHS Postdoctoral Research Fel-
lowship, Jensen returned to the University of Califor-
nia at Berkeley as an assistant professor of education.
He earned the rank of professor of educational psy-
chology in 1966 and has remained at Berkeley
throughout his academic career.

Widely known among researchers in educational
psychology by the early 1960s due to his book with
the distinguished psychologist (and Jensen’s first men-
tor) Percival Symonds (Symonds & Jensen, 1961) and
his research in learning, Jensen was catapulted into the
light of a broad, national controversy by his most fa-
mous paper, “How much can we boost 1.Q. and scho-
lastic achievement?” (Jensen, 1969), the 123-page
paper being the longest ever published in the presti-
gious Harvard Educational Review.

In that paper, hailed in the New York Post (April 4,
1969) as the most discussed professional article of the
year, Jensen argued that genetic as well as environ-
mental and cultural factors should be considered in
developing an understanding of individual differences
in 1Q, including social class and racial differences
(Fletcher-Janzen, 1987). Many saw his position—that
genetic contributions to race differences in intelligence
were significant and substantial—as deeply disturbing
and racist. Jensen reports (personal communication)
that he was subsequently harassed, had his personal
safety threatened in person and via telephone, and was
threatened with the loss of his academic position at
Berkeley.

Subsequently, the term Jensenism was coined to refer
to the position that race differences in intelligence
were primarily due to genetic causes. The hypothesis
of Jensenism remains much contested and debated to-
day. Jensen continues to receive threats to his life on
an infrequent basis and continues to be viewed as con-
troversial. In the mid-1980s, when I introduced Jensen
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at his invited address to the annual convention of the
American Psychological Association, held in Anaheim,
two weeks prior to the meeting, participants were no-
tified by the Anaheim police that they had received a
serious threat against Jensen’s life, should he be al-
lowed to speak. With police and special security
guards, Jensen subsequently addressed a standing-
room-only crowd in one of the largest meeting rooms
available at the convention.

Jensen has continued his work and is a prolific
scholar. The Social Science Citation Index lists four of
his works as “Citation Classics,” including the afore-
mentioned Harvard Educational Review article and two of
his six books: Educability and Group Differences (Jensen,
1973) and Bias in Mental Testing (Jensen, 1980).

In the mid-1960s, Jensen’s work led him to propose
a theory of intelligence that hypothesizes two types of
learning ability. He referred to these as Level I and
Level II abilities. Level I abilities are simple associative
activities requiring little more than memory functions.
Level II abilities require abstract, conceptual thought
and are most strongly related to general intelligence
tests, such as the Wechsler scales. Jensen’s theory
prompted a significant amount of research and is one
of many models often used in the interpretation of
intelligence test performance (e.g., Kaufman, 1979).

Jensen currently views the general factor of intel-
ligence, or g, as (1) reflecting some property or pro-
cesses of the human brain manifest in many forms of
adaptive behavior in which individuals (and probably
populations) differ; (2) increasing from birth to ma-
turity and declining in old age; (3) showing physiolog-
ical as well as behavioral correlates; (4) having a
hereditary component; (5) being subject to natural se-
lection in the course of human evolution; and (6) hav-
ing important educational, occupational, economic,
and social correlates in all industrialized societies
(Fletcher-Janzen, 1987).

Beginning in the late 1970s, Jensen became the pri-
mary catalyst in a revival of the Galtonian (see Francis
GALTON) approach to research on mental ability, par-
ticularly as it concerns the relationship between reac-
tion time and intelligence, which Jensen refers to as
the chronometric study of intelligence (e.g., Jensen,
1985). Jensen’s reaction time paradigm and methods
are perhaps best explicated in his 1985 methodological
treatise. At the same time, Jensen fostered a revival of

research interest in the concept of g» O GENERAL IN-
TELLIGENCE, as represented in Charles SPEARMAN’s early
work (e.g., Jensen, 1979). Much of his work is linked
in various ways to the Spearman Hypothesis, which
specifies that group differences in aptitude or abilities
are essentially manifestations of differences in g.
Jensen is author or coauthor of more than 300 ar-
ticles in scholarly journals and six books. Two books
have been written about Jensen and his work: Flynn
(1980) and Modgil and Modgil (1986). During his ca-
reer, Jensen held appointments as a Guggenheim Fel-
low (1964—65), a Fellow of the Center for Advanced
Studies in the Behavioral Sciences (1966—67), and a
Research Fellow at the National Institutes of Mental
Health. He is a Fellow of the American Psychological
Association, the American Association for the Ad-
vancement of Science, and the Eugenics Society of
London, and is a member of most of the major profes-

sional societies of his discipline.

(See also: RACE AND IQ SCORES.)
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JOB PERFORMANCE One of the important
tasks of a test is to predict meaningful and important
criteria. Although intelligence tests have been used to
make statistical prediction of many criteria such as ed-
ucational attainment or of life adjustment, among the
most important of these criteria is job performance
(see also occupATIONS). Like many other issues
concerning intelligence, its relationship to job per-
formance has been the subject of argument and
controversy for nearly a century. The most extreme
forms of the argument state that intelligence has no
relationship to job performance, or conversely, that
job performance is solely dependent on intelligence.
Both extreme positions seem untenable. For example,
the idea that intelligence has no relationship to job
performance ignores a large body of published litera-
ture demonstrating otherwise. The idea that nothing
other than intelligence determines job performance ig-
nores the literature that shows the effects of interests,
training, or experience.

C. Brand (1987) points out that one reason for the
argument is that intelligence shows correlations with
so many other variables, including socioeconomic sta-
tus, educational achievement, and job status, just to
name a few. Insofar as the variables of intelligence,
socioeconomic status, educational achievement, and
job status are correlated, they can all be expected to
predict job performance.

Job performance has several components, including
job knowledge, job skills, willingness to apply skills,
and knowledge and behavior on the job. Job knowl-
edge is the specific knowledge used on the job, such
as the rules for using a block plane, double-entry cost
accounting, or positioning a patient in a medical im-
aging machine. Job skills are the behavioral manifes-
tation of knowledge such as leveling wood, entering
credits and debits, and spatially aligning a patient. Ad-
ditionally, there are behaviors that are not, strictly

speaking, job performance but that are related to em-
ployee performance. For example, personal honesty is
expected in all jobs but is frequently not specifically
mentioned in job descriptions. Some have argued that
to evaluate job performance, all components of job
performance must be measured, and that the validity
of measures must be evaluated for each separate com-
ponent of job performance.

The first part of job performance is the acquisition
of the knowledge and skills required of the job. There
is an accumulation of evidence by Hunter and Hunter
(1984) showing that intelligence predicts the acquisi-
tion of all kinds of knowledge—both academic, as
needed in highly abstract jobs, and practical, as needed
in jobs of a less abstract nature. Job-related skills rang-
ing from baking jelly rolls to flying aileron rolls can be
predicted from intelligence.

The American military has been a good source of
research on the relationship of intelligence to job per-
formance. During World War I, the Army Alpha was
used to assign men to jobs on the basis of measured
intelligence. The paper-and-pencil Army Alpha test
was built to mimic individually administered intelli-
gence tests. Toward the end of World War II, N.
Stewart (1947) computed the average intelligence of
draftees by occupation. In general, the average intelli-
gence required for jobs increased as jobs went from
those demanding low skills to those demanding high
skills. Validation of intelligence measures for the pre-
diction of technical training has been frequent. Army’s
Project A and the Air Force Job Performance Mea-
surement Project extended the investigation of intel-
ligence to its relationship with hands-on-work sample
criteria, technical interviews, and some noncore job
criteria, such as discipline and military bearing. Across
the many jobs, intelligence was found to statistically
predict all criteria.

John Hunter and his colleagues have done numer-
ous studies of many predictors of job performance in
the civilian sector. They have examined the validity of
intelligence for many jobs and concluded that intelli-
gence was predictive in all cases. In addition, they and
others have found other personal attributes predictive
of job performance.

Among the personal attributes frequently found to
be predictive of job performance are job knowledge,
interest, personality, and psychomotor skills.
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Job knowledge is frequently found to be predictive,
especially as a function of job tenure. As people gain
experience, their job knowledge usually increases.
Schmidt, Hunter, and Outerbridge (1986) have argued
that intelligence enables employees to garner job
knowledge, solve novel problems, and make appropri-
ate judgments when routine procedures do not apply.
Job knowledge is almost always predictive of job per-
formance.

Interest, whether measured directly from specially
prepared inventories or inferred from scores on spe-
cialized knowledge tests (such as tests of aviation
information, cockpit instrument comprehension, au-
tomotive information, or electronics knowledge) is a
good predictor of job performance. This would be es-
pecially true where the special knowledge was not
available in common educational curricula. An exam-
ple is flying information, which might be sought out
in special publications. The United States Air Force
uses such measures (Aviation Information and Instru-
ment Comprehension) to select pilots.

Through meta-analyses, personality measures have
been found to be predictive of job performance. The
most frequently valid variable is a measure of consci-
entiousness, the trait of sticking with a task until it is
completed. Another characteristic found to be predic-
tive of job performance is the level of psychomotor
skills, especially for jobs requiring low abstract reason-
ing. It has been found that as job complexity decreases,
the salience of intelligence as a predictor decreases and
that of psychomotor ability tends to increase.

Clearly, the role of intelligence in predicting job
performance is substantial, but other determinants ex-
ist as well, and all should be considered in personnel
selection.

(See also: ARMY ALPHA AND BETA TESTS OF INTELLIGENCE.)
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KAUFMAN ASSESSMENT BATTERY FOR
CHILDREN (K-ABC) The Kaufman Assessment
Battery for Children (K-ABC) was published in 1983
(Kaufman & Kaufman, 1983) by the American Guid-
ance Service, under the authorship of Alan S. Kaufman
and Nadeen L. Kaufman, after five years of research
and development. An individually administered test of
intelligence and achievement, the K-ABC was the first
major challenge to the Binet and the Wechsler mo-
nopoly over the individual intelligence testing market.
The K-ABC is also one of the few tests of intelligence
to be devised on the basis of an a priori theory of
intelligence, because Kaufman and Kaufman (a hus-
band-and-wife research-and-development team) based
the structural development of the scales on their rein-
terpretation of Luria’s neuropsychological theory of
intelligence (e.g., Luria, 1966).

The K-ABC consists of ten mental processing sub-
tests divided into a sequential (three subtests) and a
simultaneous (seven subtests) processing scale, each
yielding a composite normalized standard score scaled
to a mean of 100 and a standard deviation of 15. A
summary score, the mental processing composite
(MPC), a composite of the sequential scale (SEQ) and
the simultaneous scale (SIM) are also available. For
children with language-related problems or for whom
English is a secondary language, as well as for non-
English speakers, the K-ABC includes a nonverbal in-
telligence scale, which may be administered using stan-

dard instructions or via a pantomime procedure. The
K-ABC subtests and scales are described in more detail
at the end of this article.

An achievement scale is also present on the K-ABC
and consists of seven subtests covering vocabulary, lan-
guage development, general factual knowledge, mental
arithmetic, and reading (using separate subtests for de-
coding and for comprehension). Many of the K-ABC
achievement scale subtests are commonly viewed on
other tests as measures of verbal intelligence, and some
researchers (e.g., Keith & Dunbar, 1984) have sug-
gested that the K-ABC achievement scale may be a
better measure of g (general intelligence) than the
MPC. This controversy has yet to be resolved and re-
flects a philosophical difference of opinion regarding
the nature of intelligence that is unlikely to be resolved
on research or a data-based basis (e.g., Kamphaus &
Reynolds, 1987, chaps. 3 and 5).

In response to these arguments and other analyses,
Kamphaus and Reynolds (1987) developed and pro-
vided normative data for the K-ABC standardization
sample for three additional composite scores: verbal
intelligence, global intelligence composite, and a read-
ing composite. The verbal intelligence scale is com-
posed of all K-ABC achievement subtests with the
exception of Reading/Decoding and Reading/Under-
standing, which form the reading composite. The
global intelligence composite is determined through
rescaling the sum of the SEQ, SIM, and verbal intelli-
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gence scores. Each of the Kamphaus-Reynolds K-ABC
composites is scaled to the familiar metric of a mean
of 100 and a standard deviation of 15.

The K-ABC was standardized on 2,000 children be-
tween the ages of 2 years and 12 V5 years by means
of a population-proportionate stratified-random-sam-
pling plan. The sample was stratified on the basis of
age (at one-vear intervals), gender (equal numbers of
boys and girls), ethnicity (African-American, white,
Hispanic, Asian-American, and Native American), pa-
rental socioeconomic status as represented by parental
educational level, geographical region of residence
(Northeast, Northcentral, South, or West), and com-
munity size. The test developers were quite successful
in approximating the target U.S. population statistics
in the obtained sample. African Americans were over-
sampled for the purpose of generating a set of socio-
cultural norms that could be used with either black or
white children in an attempt to correct for any socio-
cultural biases that might occur. These latter norms
have proven neither useful nor popular (e.g., Kam-
phaus & Reynolds, 1987).

The K-ABC manuals provide extensive data on re-
liability and validity, an amount of data that was ex-
traordinary when published in 1983 and that set a new
standard for the comprehensiveness of test manuals for
individually administered tests of intelligence. The
K-ABC subtests and composites have good internal
consistency reliability, with most subtest reliability
estimates between .60 and .90, and the composites
consistently exceeding .90 reliability at most ages. Ex-
tensive factor-analytic data are also recounted that
support the groupings of the subtests into their re-
spective scales although, as noted above, the designa-
tion of the constructs assessed remains controversial.
The various composites of the K-ABC are also related
to academic achievement, with validity coefhicients
ranging from about .50 to .70 between the K-ABC
composites and various measures of academic skill.
The K-ABC also correlates appropriately with other
individually administered intelligence scales; the cor-
relation, for example, between the K-ABC MPC and
the WISC-R full-scale IQ hovers around .70.

Kaufman and Kaufman’s (1983) development plan
for the K-ABC included six broad goals for the new

scale:

1. to measure intelligence from a strong theoretical
and research base;

2. to separate acquired factual knowledge from the
ability to solve unfamiliar problems;

3. to yield scores that can be used to plan educational
intervention;

4. to include novel tasks;

o

to be easy to administer and objective to score;
6. to be sensitive to the diverse needs of preschool,
minority group, and exceptional children.

The extent to which these goals have been met con-
tinues to be the fodder of academic debate. However,
the Kaufmans did break with tradition in a number of
ways: The test was developed in light of an a priori
theory; factual knowledge and vocabulary, mainstays
of intelligence tests since the late 1800s, were deemed
important but as measures of achievement; the test
was designed so that specific educational interventions
could be prescribed on the basis of specific score
patterns (also see Kaufman, Kaufman, & Goldsmith,
1984); new tasks were devised, and standard labora-
tory procedures were made clinically practicable; prac-
tice and teaching items were made available to ensure
that children understood what was expected of them
on the intellectual portions of the test; and, the pub-
lisher undertook an extensive training effort to pre-
pare practitioners to use the K-ABC.

The K-ABC is widely known among school psy-
chologists and other practitioners in the broad field of
child psychology. Although it has made inroads in
assessment practice, it remains secondary to the
Wechsler scales and the Stanford-Binet for frequency
of use. It has achieved popularity among neuropsy-
chologists, many of whom have incorporated the
K-ABC into the standard neuropsychological evalua-
tion of the young child. Few good standardized neu-
ropsychological instruments are available at this age
level (2V5 years to 12V years), and the strong psycho-
metric properties and theoretical links to brain-behav-
ior relationships make the K-ABC attractive to the
child-clinical neuropsychologist (e.g., see Kamphaus &
Reynolds, 1987, chap. 7).

The K-ABC seems particularly useful with lan-
guage-disordered children but is not a good choice for
the visually impaired child because of its heavy reliance
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on visual stimuli. The K-ABC has been touted as a
good choice of instrument for minority children (both
gifted ones and those referred for suspected mental
retardation), because the black—white score difference
on the K-ABC is half the traditionally occurring stan-
dard deviation of 1. For gifted children, the K-ABC
lacks sufficient ceiling after about age 10, and insufh-
cient floor is evident for low-functioning children be-
low age 4. Very little is known about the use of the
K-ABC as an intellectual assessment device for chil-
dren with serious emotional disturbance.

The K-ABC is one of the most reviewed of intelli-
gence tests, and a plethora of information and opinion
exists regarding it. A special issue of the Journal of Spe-
cial Education was devoted to the K-ABC (Reynolds,
1984), and a book-length treatment of its strengths,
weaknesses, and clinical and research applications is
available (Kamphaus & Reynolds, 1987). Extensive re-
views of the K-ABC have also been completed by Coft-
man (1985), Narrett (1984), Page (1985), and Vance
and Kutsick (1983).

Specific criticisms of the construct validity of the
K-ABC have been proffered by Keith and Dunbar
(1984) and by Sternberg (1984), who view the K-ABC
as largely inadequate in achievement of its stated goals.
Jensen (1984) explores psychometric limitations of the
K-ABC that he believes are responsible for the signif-
icant reduction of black—white score differences on the
K-ABC relative to other traditional intelligence tests
(e.g., Wechsler scales, Binet scales, RAVEN PROGRESSIVE
MATRICES). He argues that the K-ABC is not as strong
a measure of g, or general intelligence. The K-ABC
continues to be controversial, and a thorough under-
standing of its strengths and its limitations should be
acquired prior to using the K-ABC in clinical practice.
Much research remains to be done, since the K-ABC
has been in use a much shorter time than have other
popular tests of intelligence.

DESCRIPTION OF THE K-ABC
SUBTESTS BY SCALE

Sequential Processing Scale. This scale mea-
sures skills involved in linear, step-by-step, sequential
problem-solving tasks and emphasizes memory as se-
rial recall. Subtest 1 is also part of the nonverbal scale.

Subtest 1. Hand Movements. The child imitates a se-
quenced presentation of hand positions.
Number Recall. The child recalls in order
a series of digits presented orally.

Word Order. The child recalls in order a
series of pictures named by the examiner.

Subtest 2.

Subtest 3.

At upper ages an interference task is intro-
duced between stimulus presentation and
recall.

This scale
measures problem-solving skills by means of primarily

Simultaneous Processing Scale.

spatial stimuli requiring the synthesis of information.
Subtests 2 and 4—7 are also part of the nonverbal scale.

Subtest 1. Magic Window. The child names objects
after seeing a picture presented gradually
through a cutout on a cardboard wheel,
never seeing the entire picture at once.

Subtest 2. Face Recognition. The child picks out of a

group of pictures, photo(s) of faces exposed

previously for 5 seconds each.

Subtest 3. Gestalt Closure. The child names partially

pictured objects drawn in black “silhou-

ette” form.

Subtest 4. Triangles. The child constructs geometric

designs to match a pictured standard using

blue and yellow triangles.

Matrix Analogies. The child solves standard

nonverbal analogy problems that gradually

Subtest 5.

become more abstract.

Spatial Memory. The child recalls the lo-
cation of pictured objects on a 3 X 3 or
3 X 4 grid.

Photo Series. The child arranges a series of

Subtest 6.

Subtest 7.
photographs in order to depict the occur-
rence of a specific event (e.g., an egg’s being
broken and cooked).

Achievement Scale.
quired knowledge, including vocabulary, mental arith-

This scale measures ac-

metic, and reading.

Subtest 1. Expressive Vocabulary. The child names
pictures of everyday objects.

Subtest 2. Faces and Places. The child names pictures
of famous places (e.g., Grand Canyon) and
famous faces (e.g., George Washington,
Santa Claus).

635



KNOWLEDGE

Subtest 3. Arithmetic. The child performs mental
arithmetic beginning with simple counting
through two-step calculations based on a
story read by the examiner and on accom-
panying pictures.

Riddles. The child “guesses” words based

on two or three clues provided by the ex-

Subtest 4.

aminer on a task highly correlated with lan-
guage development.
Subtest 5. Reading/Decoding. A traditional letter and
word recognition task.
Subtest 6. Reading/Understanding. A measure of
reading comprehension requiring the child

to carry out written instructions.
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CEecIL R. REYNOLDS

KNOWLEDGE A popular assumption about
more intelligent people is that they acquire new
knowledge faster and then retain and recall that
knowledge more effectively than those who are less
intelligent. Likewise, someone who rapidly acquires,
retains, and recalls considerable volumes of knowledge
is supposedly intelligent. A certain circularity exists in
everyday thinking that sees being knowledgeable as a
sign of intelligence and intelligence as a predictor of
being knowledgeable. The possible connections be-
tween intelligence and knowledge are the subject of
this entry.

KNOWLEDGE AND INTELLIGENCE

“Knowledge” may be defined as acquired informa-
tion. Clearly the knowledge that a person brings to
any task must be a major determinant of performance.
Thus, performance on tasks that make up an intelli-
gence test will reflect the relevant knowledge that the
person tested remembers and uses in response to the
test items. For example, vocabulary items, which play
a role in many tests, will reflect ability to retrieve word
meanings; such a knowledge-based ability is often
called a form of crystallized intelligence. Other verbal
items may require novel relationships among word
meanings to be detected and may reflect fluid intelli-
gence in addition to the crystallized knowledge of
meanings (see FLUID AND CRYSTALLIZED INTELLIGENCE,
THEORY OF). Culture-fair tests attempt to minimize the
role of acquired knowledge and involve, for instance,
abstract patterns among which relationships can be
detected and extrapolated, as is the case in RAVEN PRO-
GRESSIVE MATRICES. However, even such abstract ma-
terials require prior knowledge to understand the
instruction. The subject must also extract information
(knowledge) from the items themselves. In practice,
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knowledge and intelligence are inextricably inter-
twined, although theorists have taken different views.
On the one hand, some reduce intelligence to accu-
mulated knowledge. On the other hand, some reduce
knowledge acquisition to basic processes presumed to
underlie intelligence.

In discussing knowledge, certain distinctions gen-
erally recur, such as knowing that versus knowing
how, declarative versus procedural knowledge, expli-
cit versus implicit knowledge, and semantic versus
episodic knowledge. The first three distinctions are
virtually synonymous. “Knowing that”—declarative,
explicit knowledge—is consciously known and can be
expressed in a publicly understood code, such as spo-
ken or written language or in some specialized code,
such as notation in music or dance movement. “Know-
ing how”—procedural, or implicit, knowledge—is not
accessible consciously. Although it is demonstrable in
behavior, it is not explicitly communicable. Typical ex-
amples of such knowledge are sensorimotor skills such
as bicycle riding or swinging a golf club to good effect.
Procedural knowledge is often spared in amnesic
memory disorders brought on by brain damage when
declarative knowledge is lost. In a sense, procedural
knowledge is more basic than declarative knowledge
and is present in nonhuman species as well as in hu-
mans. In contrast, declarative knowledge, being de-
pendent on shared flexible codes—notably natural
language—seems limited to humans. Our ability to use
communication codes, however, depends on implicit
processes that are not themselves accessible to con-
sciousness. Therefore, although a person may be able
to retrieve the explicit information that a word, for
example, maelstrom, means “a whirlpool or a confused
and disordered state of affairs,” that person will not be
able to report explicitly the recognition of the word
or the retrieval of the semantic knowledge of its mean-
ing. Only through the indirect methods of experiment
and theory in cognitive research do scientists acquire
knowledge of implicit processes.

Researchers often make a further distinction be-
tween semantic and episodic knowledge. Semantic
knowledge is knowledge of general concepts, princi-
ples, and word meanings, while episodic knowledge is
autobiographical knowledge of specific experiences.
Both types of knowledge can be useful in everyday

problem solving. Recalling a previous occasion when
some present problem was encountered and solved
may provide a quick route to a solution. Even if the
current problem is not identical to the earlier one,
retrieval of a sufficiently similar past problem-solving
experience may yield a solution. Intelligence test items
typically draw on semantic knowledge or word mean-
ings, properties of numbers, and so on. Semantic
knowledge is, of course, often vital in real-life tasks.
General principles of physics, for example, which
have been formulated culturally, permit solution of
new problems in engineering and architecture where
simple past experience is insufficient for effective
solutions. General principles enshrined in semantic
knowledge economically convey a great deal of infor-
mation, and their acquisition through formal education
permits more effective problem solving than does re-
liance on personal experience alone.

In terms of knowledge structure, a striking fact is
that formal human knowledge seeks cognitive econ-
omy in terms of rules or principles with the widest
range and the maximum simplicity. This preference is
due to the limited capacity of working memory within
which current information is processed. The risk of
this preference is that oversimplifications will occur to
minimize cognitive effort—at the cost of inaccura-
cies. Further, knowledge tends to be organized into
hierarchical structures of areas and subareas (Simon,
1981). For example, psychology may be divided into
several areas: cognitive, social, developmental, individ-
ual differential, and biological. Cognitive psychology in
turn can be divided into learning, memory, perception,
attention, language, and problem solving. Each of these
areas has further subdivisions. Because people can ac-
tively process in focal attention at any one time only
a limited amount of their vast store of information, the
hierarchical organization of knowledge helps ensure
that associations to related information are strongest.
While this focusing mechanism is generally useful, it
is also one reason why creative combinations of un-
related items are difficult and why use of unusual anal-
ogies are rare in problem solving (Perkins, 1981).

Although it is clear that all the types of knowledge
outlined above are extremely important for individu-
als, explicit declarative knowledge has the key role at

the social or cultural level because of its unique advan-
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tage of being readily transmittable from person to per-
son. This transmission can now take place not just face
to face but over vast gaps in time and space, by means
of print and telecommunications. The cultural accu-
mulation and transmission of knowledge has led to tre-
mendous increases in the effectiveness of human
behavior over the millennia and gives the species its
dominance over other species that are limited to in-
stinct, direct learning from experience, and possibly
learning from imitation. If intelligence is equated with
problem-solving performance, then successive gener-
ations have increased in intelligence thus measured
because they benefit from the problem-solving discov-
eries of their ancestors (although without increase in
intelligence as inborn potential to learn). To take ad-
vantage of the culturally accumulated stock of knowl-
edge, the individual must acquire the basic knowledge-
gathering skills of language comprehension and pro-
duction, literacy, and numeracy, and must also be able
to retrieve and apply acquired information when re-
quired. Suitable environments and encouragements are
necessary to ensure these outcomes.

What are the possible relationships between intel-
ligence and knowledge? The speed and efficiency of
basic neural processes may underlie the different rates
of information acquisition among individuals in a sim-
ilar environment. If differences in basic neural pro-
cesses ultimately result in measured differences in
intelligence, and if such processes are indeed the bio-
logical bases of intelligence (Eysenck, 1986), then
biologically-defined intelligence could be said to deter-
mine knowledge, in a given environment. On the other
hand, because measured intelligence does not correlate
well with performance in knowledge-intensive do-
mains of expertise (Ericsson & Smith, 1991), therefore
domain-specific practice and training are much more
important than any likely differences in basic neural
processes for knowledge acquisition. The cases of idiot
savants who perform very poorly on general intelli-
gence tests yet have exceptional levels of knowledge-
based performance in limited areas (giving days of the
week for any date from C.E. to 200 C.E.) show the
effectiveness of practice. Also, world-class perfor-
mances in knowledge-rich domains such as chess and
music seem to depend on regular, frequent, and sys-
tematic practice and training over at least a decade.
Amount and quality of practice rather than measured

intelligence seem to be crucial in determining level of
performance in real-life areas of expertise. Indeed,
some have argued that intelligence tests tap acquired
skills developed through experience and thus that
knowledge differences underlie differences in intelli-
gence test performance (Howe, 1990). The knowl-
edge-based approach has the testable and optimistic
consequence that intelligence scores can be boosted by
training, and some research has supported this predic-
tion (e.g., Feuerstein, 1980). Less supportive of the
pure-knowledge explanation are the results on genet-
ically related similarities in intelligence test scores that
seem to hold up in cases of separated twins and sep-
arated biological parents and offspring (Plomin & Dan-
iels, 1987). Such results point to some biological
component as a factor in measured differences in in-
telligence, even if this component is by no means the
sole determinant. Overall, the “middle view” seems
likely to remain most plausible and fruitful for a con-
siderable time: Some biological contribution exists in
measured intelligence, but a large contribution from
knowledge acquisition is also present.
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guage has traditionally played an important role in the

Lan-

definition and measurement of intelligent behavior.
Verbal ability not only determines roughly half of an
individual’s intelligence quotient (IQ) but is also a
strong predictor of nonverbal intelligence. The im-
portance of verbal ability has been recognized both
in formal theories of intelligence and in the implicit
theories of intelligence held by everyday people
(Sternberg et al., 1981). As discussed below, however,
there are at least as many views on the relationship
between language and intelligence as there are theories
of intelligence.

DEFINING LANGUAGE
AND INTELLIGENCE

To discuss the relationship between language and
intelligence, one must first provide a working defini-
tion for these two constructs. In popular usage and
among many theorists, the term intelligence has be-
come virtually synonymous with intelligence quotient. Al-
though the equation of the two has been increasingly
disputed in recent years, almost no one would deny
that IQ provides at least a partial measure of the at-
tributes that constitute intelligence. Standardized tests
of intelligence, such as the Wechsler Intelligence Scales
and the Stanford-Binet, are designed to tap a set of
primary factors or mental abilities, which typically in-

clude both verbal and nonverbal abilities (e.g., vocab-
ulary, verbal comprehension, fluency, verbal and
nonverbal memory, visual-spatial skills, and mathe-
matical skills). Very often, an individual’s performance
on verbal and nonverbal 1Q subtests is highly corre-
lated. This finding has been interpreted by some re-
searchers to support the existence of a “common
underlying intellect” responsible for mediating all as-
pects of mental behavior, verbal and otherwise (Hunt,
1985; Jensen, 1981; Spearman, 1927; Sternberg, 1985).
In other words, the reason that tasks as diverse as
these are correlated is because they share a common
ingredient known as GENERAL INTELLIGENCE, desig-
nated g.

Like intelligence, language is a multifaceted con-
struct and can be defined in terms of its many sub-
components. Language subcomponents range from
low-level, or rudimentary, processes, such as the abil-
ity to discriminate between speech and nonspeech
sounds, to highly abstract rules of grammar. For the
most part, linguists define language according to the
following subcomponents: phonology, the sounds of
speech; syntax, the grammar of a language; semantics,
the meaning of individual words and sentences; and
pragmatics, the social use of language (inferences, ges-
tures, etc.). Each of these subcomponents measures a
relatively discrete aspect of language knowledge. To-
gether, they represent what it means to know a lan-

guage.
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THEORIES OF LANGUAGE
AND INTELLIGENCE

Because language and intelligence are both multi-
faceted, theories on the relationship between the two
depend largely on which particular subcomponents of
each are being compared. Different theories of intel-
ligence emphasize slightly different aspects of language
performance.

i

Psychometric, or “factor theories,” of intelligence
are best represented by current IQ tests and place a
great deal of emphasis on the role of “crystallized”
verbal abilities (Spearman, 1927; Thurstone, 1938).
Crystallized abilities represent a static type of knowl-
edge, a knowledge of facts, heavily influenced by
schooling and acculturation (Cattell, 1963). For ex-
ample, an individual’s vocabulary level and general
world knowledge of the kind assessed on traditional
1Q tests fall under the heading of crystallized abilities.
Proponents of the psychometric approach justity their
reliance on crystallized abilities by noting that perfor-
mance on such tasks (e.g., vocabulary) is a strong pre-
dictor of overall IQ performance.

Critics of psychometric theories contend that the
strong association between vocabulary and IQ is not
surprising, given that both these measures are highly
dependent on a third variable, namely academic train-
ing (Ceci, 1990). The strong association between aca-
demic success and 1Q has led some researchers to
challenge the validity of IQ tests and their ability to
measure anything more than academic success (Ceci,
1990; Flynn, 1988). Ceci’s (1990) BIOECOLOGICAL THE-
ORY OF INTELLIGENCE and other contextualist theories
contend that intelligence is context-dependent and can
and should be defined in many different ways. For
Ceci, the strong association between 1Q, verbal ability,
and academic training is epiphenomenal: Individuals
with low verbal skills may possess the cognitive apti-
tude for advanced verbal abilities but lack the appro-
priate educational experience.

Some information-processing theories of intelli-
gence attribute individual differences in intelligence to
individual differences in neural functioning. These
neural differences determine the speed and efficiency
with which an individual can process sensory infor-
mation, which in turn determine an individual’s intel-

lectual power, or g. In support of this theory,

information-processing studies of language frequently
report that individuals with high verbal abilities re-
spond faster to linguistic stimuli than do individuals
with low verbal abilities. For example, R. A. Goldberg,
S. Schwartz, and M. Stewart (1977) reported that
“high verbal” individuals were faster than “low verbal”
individuals in their ability to make same-different
judgments about physical (dear-dear), homophonic
(dear-deer), and semantic (deer-elk) properties of indi-
vidual word pairs. High-verbal individuals were also
better than low-verbal individuals in remembering the
sequence of auditory speech sounds (e.g., dae, bae).
For information-processing psychologists, these results
support the notion that verbal ability is dependent on
the speed with which an individual can access verbal
information, but they are also consistent with an al-
ternative explanation, namely, that individuals with
good verbal skills simply require less time to process
linguistic information.

R. J. Sternberg’s (1985) TRIARCHIC THEORY OF IN-
TELLIGENCE is one that places a great deal of emphasis
on verbal behavior, and in particular, verbal behavior’s
strong dependence on novel problem-solving skills.
The theory consists of three components: metacom-
ponents, which represent the executive processes used
in planning and developing strategies for how to go
about solving a problem (recognizing what the prob-
lem is, allocating resources, interpreting feedback,
etc.); performance components, skills used to carry
out the task (encoding and decoding skills, memory,
etc.); and knowledge-acquisition components, skills
used in acquiring new information (deciding what in-
formation is meaningful and worth learning, selective
encoding, etc.). For Sternberg, the interpretation of
verbal analogies, metaphors, and inferences requires
the capacity to solve problems in novel situations. For
example, analogies (e.g., lawyer:client::doctor:patient) and
inferences (e.g., Bill is bigger than John; John is bigger than
Tom; therefore, Bill is bigger/smaller than Tom?) require the
ability to derive structure or meaning from a given
context and to apply this structure in a new setting.
On a microlevel, this type of reasoning resembles the
novel problem-solving behavior viewed by Sternberg
as a hallmark of intelligent behavior. Likewise, Stern-
berg views vocabulary, a crystallized form of intelli-
gence, as a good predictor of intelligence because
vocabulary acquisition requires the ability to exploit
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contextual cues that facilitate learning (Sternberg &
Powell, 1983; see also Keil, 1989; Werner & Kaplan,
1950). Consider the following sentence taken from a
study by Sternberg in which high school students were
asked to decipher the meaning of unknown words
embedded within short paragraphs: “The mother, Tan-
ith, peered at her son through the oam of the bubbling
stew” (Sternberg & Powell, 1983).

Sternberg’s research has shown that successful
comprehension of verbal analogies, metaphors, novel
vocabulary items, and the like depends in part on an
individual’s preexisting knowledge base. That is, the
greater your vocabulary, the more successful your at-
tempts to decipher the meanings of novel words. The
notion that knowing more helps you learn more is the
basic tenet of knowledge-based theories of intelligence
(Chi, Glaser, & Rees, 1982). Having a preexisting
knowledge base provides you with a context, a struc-
ture, in which to integrate new information. This in
turn facilitates the encoding, storage, and retrieval of
new information. For example, a stockbroker would
be much more likely to remember a list of stock sta-
tistics than would someone who knows nothing about
the stock market. On this view, knowledge or intelli-
gence is considered domain-specific, in that you may
know a lot about one topic but very little about an-
other.

THE MODULARITY HYPOTHESIS

Each of the theories of intelligence discussed above
places language within the context of general intelli-
gence. Language is considered a by-product of general
intelligence, and consequently, performance on any
and all language tasks should be predicted on the basis
of g. A very different view of intelligence and, conse-
quently, the relationship between language and intel-
ligence is taken by theories of “modularity.” These
theories claim the existence of multiple subcompo-
nents of cognition, each neuroanatomically defined
and capable of functioning relatively independently of
each other (e.g., language versus spatial skills). For ex-
ample, in the case of language, an individual’s knowl-
edge of language, the mechanisms used to process
language, and the neural structures mediating language
would represent a self-contained, functionally auton-
omous module.

This notion of modularity is reflected in Howard
Gardner’s theory of MUTLIPLE INTELLIGENCES (Gardner,
1983), which claims the existence of seven different
components of intelligent behavior: linguistic, musical,
logical-mathematical, spatial, bodily-kinesthetic, inter-
personal, and intrapersonal forms of intelligence. On
this view, an individual can be highly intelligent in one
domain but not so intelligent in another domain.

Support for the independence of cognitive subcom-
ponents comes from the study of brain damage and its
ability to impair certain cognitive functions selectively,
leaving other intact. Such dissociations are perhaps
most obvious in instances of aphasia. Aphasia refers to
a loss of speech and/or langugge functions resulting
from damage to the left hemisphere of the brain. Stud-
ies of aphasic patients frequently reveal normal levels
of nonverbal intelligence and a tendency for aphasic
symptoms to be associated with damage to particular
regions of the left hemisphere. Damage to regions of
the brain located within the right hemisphere can se-
lectively impair spatial aspects of cognition (e.g., block
design, matrices), leaving language abilities intact
(Young, 1983). Dissociations in verbal and nonverbal
abilities such as these have provided perhaps the
strongest evidence in favor of modularity and the
strongest evidence against a theory of g.

MODULAR AND
NONMODULAR THEORIES
OF LANGUAGE DEVELOPMENT

A modular theory of language that has received
considerable attention within the field of first-language
acquisition is the theory of universal grammar put
forth by the linguist Noam Chomsky (1986). Accord-
ing to Chomsky’s theory, the mental representation of
all languages can be defined in terms of an innate set
of linguistic principles and parameters along which in-
dividual languages can vary. Because these principles
and parameters are innate, the child brings to the lan-
guage-learning task a means by which to parse incom-
ing language information and eventually break the
grammatical code of his or her language. For Chomsky,
the acquisition of language is not viewed as dependent
on general intelligence but is considered a predeter-
mined biological event, a maturation of language abil-
ities. Support for a biological unfolding of language is
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reflected in the high degree of regularity and predict-
ability with which children of all cultures acquire lan-
guage, despite vast differences in the language being
acquired.

In contrast to Chomsky’s claims for an innate set of
language-learning principles is the notion that lan-
guage develops within the larger context of general
cognition (Bates, Bretherton, & Snyder, 1988; Piaget,
1962; see also the Piaget-Chomsky debate in Piattelli-
Palmarini, 1980). This view is perhaps best repre-
sented by the developmental psychologist Jean PIAGET
and his theory of intellectual development. According
to Piaget, language is considered an outgrowth of more
rudimentary forms of mental representation, as in the
child’s ability to conjure up mental images of objects
and events. The emergence of certain language mile-
stones is viewed as contingent on a prior mastery of
“cognitive precursors.”

In support of Piaget’s theory of language develop-
ment, several studies have noted parallels in the emer-
gence of certain linguistic and cognitive milestones
(Bates, Bretherton, & Snyder, 1988; Corrigan, 1979;
Johnston, 1985). For example, conceptual develop-
ment and the use of gesture have both been associated
with the child’s production of first words.

Other studies have failed to document the existence
of “cognitive precursors” (Bates, Bretherton, & Sny-
der, 1988; Corrigan, 1979; Miller et al., 1980), and
critics argue that a parallel emergence of language and
cognition in no way justifies a causal relationship be-
tween the two (Piattelli-Palmarini, 1980).

Theories of language development operating within
the knowledge-base tradition lie somewhere in be-
tween the claims of modular and antimodular theories.
For example, theories of semantic development put
forth by F Keil (1989) and by E. Markman (1987)
recognize the role of innate constraints on language
learning but also emphasize the role that preexisting
knowledge of semantic concepts and categories plays
in determining verbal intelligence.

DISORDERED LANGUAGE
DEVELOPMENT AND INTELLIGENCE

The debate over the modularity of language has also
characterized the study of children who fail to develop
language normally. Children with specific language

impairment (SLI) are children who, by definition, are
impaired in their language development, despite age-
appropriate levels of social, intellectual, and sensory
development (Rice, 1983).

In support of a modular explanation of SLI, several
studies have documented selective deficits in the
knowledge, representation, and processing of linguistic
stimuli by SLI children. Other researchers have attrib-
uted the inferior language skills of SLI children to
more global deficits in cognitive and perceptual abili-
ties, including deficits in symbolic representation and
other nonverbal aspects of cognition (see Rice, 1983,
and references cited therein).

The study of children with early hemisphere dam-
age has also been brought to bear on the modularity
debate. If the development of language is dependent
on general intelligence, then we would predict delays
in language following early brain injury to mirror de-
lays in intellectual development. Contrary to this ex-
pectation, several studies of children with left- or
right-hemisphere damage have revealed more selective
deficits in language and nonlinguistic abilities (Aram,
1991; Aram & Eisele, 1992, for a review). In many
cases, children with focal brain injury go on to achieve
normal and even above-normal levels of intellectual
performance, despite subtle deficits in vocabulary,
naming, comprehending and producing complex syn-
tax, and judging inferences of truth.

A final argument in support of the modularity of
language comes from a group of children with the ge-
netic disorder known as Williams’ syndrome. Lan-
guage abilities in children with Williams’ syndrome are”
uniquely spared, despite the fact that these children
typically possess IQs of 40-60 points and present with
significant visual-spatial deficits (Bellugi et al., 1988).

In summary, modular and nonmodular theories of
intelligence posit two very different views on the re-
lationship between language and intelligence. In sup-
port of theories of intelligence that posit the existence
of g, most literate individuals do exhibit a great deal
of overlap in their verbal and nonverbal abilities.
Where theories of general intelligence fail is in their
ability to account for the dissociations of language and
intelligence frequently observed in neurologically, de-
velopmentally, and genetically impaired populations.
Knowledge-based theories can account for disparities
between language and other cognitive skills in neuro-
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logically intact individuals by positing the domain-
specificity of knowledge and intelligence.

As shown, attempts to define the relationship be-
tween language and intelligence depend largely on how
these two constructs are measured. Language and in-
telligence are both highly complex, multifaceted con-
structs that can be measured and compared in an
infinite number of ways. Standardized IQ and verbal
tests succeed in capturing only a fraction of this com-

plexity.
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DOROTHY M. ARAM

LATENT TRAIT THEORY Latent trait the-
ory, better known as item response theory (IRT), pro-
vides a psychometric basis for measuring individuals.
The number of correct responses has no direct mean-
ing without a psychometric model for several reasons.
First, the specific items on a test are not a criterion
for ability. Ability is a latent quality that is manifested
in many different items or tasks, which vary in both
difficulty level and quality. Second, the optimal com-
bination of responses to estimate a person’s ability may
not be the simple sum. Third, the distances between
total scores may not have the same meaning at differ-
ent levels. A psychometric model specifies how per-
formance on a specific set of items is related to ability.

Latent trait theory is a replacement for what is re-
ferred to as “classical” test theory (Gulliksen, 1950).
IRT provides solutions to problems that arise in clas-
sical test theory. Furthermore, IRT permits a greater
link than classical test theory between substantive the-
ory and a measurement model.

Latent trait theory is often traced to F. M. Lord’s
1952 monograph on item regressions and G. Rasch’s
1960 book on the means by which the application of
his model leads to some optimal measurement prop-
erties. Latent trait theory became influential interna-
tionally with the publication of books by Lord and
M. R. Novick (1968) and G. H. Fischer (1974). IRT
has been applied to many types of tests, especially ap-
titude and achievement tests, and is becoming increas-
ingly commonplace in test development.

THE ADVANTAGES OF IRT OVER
CLASSICAL TEST THEORY

A psychometric rationale provides several indices,
including estimates of ability, item-difficulty level, and
item quality. In classical test theory, the person indices
are based on the number of correct responses. The

total scores are linearly transformed to a standard
score, which indicates position in relevant population
of persons. The index for item difficulty is the p-value,
which is the proportion correct. The index for item
quality is item discrimination, which is the correlation
between solving the item and total score on the test.

Unlike IRT, classical test theory is limited in achiev-
ing three important psychometric properties: (1) the
indices for persons and items (i.e., parameters) are in-
variable; (2) ability is measured on an interval scale;
and (3) persons and items are located on a common
scale. In contrast, if the assumptions are met, IRT
models do achieve these properties. The meaning of
these properties and the limitations of classical test
theory for obtaining them will now be considered.

The first property, invariable person and item in-
dices, is fundamental to objective measurement. It
means that the ability index for the person will not be
biased by the specific items that happen to appear on
the test. Further, the indices for the level and quality
of an item for estimating ability will not be biased by
the specific people who take the test.

Unfortunately, the classical-person index, total test
score, depends on the items that appear on the test.
Item level and quality influences total score levels. This
bias is adjusted in classical test theory, however, by
standardizing total scores to represent location on a
normal distribution. A worse problem is that item dif-
ficulties and discriminations also influence the dis-
tances between persons, which determine the accuracy
with which differences between them can be detected.
For example, the score distances between high-ability
persons is greater when the test has more difficult
items. Conversely, the distances between low-ability
persons is greater when the test has easy items.

Classical test theory does not resolve the distance
problem adequately. Requiring parallel forms (equated
for item level and quality) to compare scores across
tests assures that the two tests scale distances between
persons in the same way. What is not assured is that
ability distances are comparable to the various levels
within the test. That assurance requires an adaptive
test such that items of optimal difficulty are selected
for each person. Classical test theory has no way of
equating tests, however, with different difficulty levels.
Ruling out adaptive testing is also a disadvantage for
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intelligence research, especially if many tests are ad-
ministered. Adaptive testing permits reliable measure-
ments to be obtained from shorter testing sessions.

Classical test theory item indices are also biased.
R. K. Hambleton and colleagues (1991) demonstrate
clearly how both the level and distribution of item
difficulty (p-values), as well as item discriminations,
depend on ability levels in the population that is
tested. Population-dependent item indices not only
create many practical problems in test development
but also confound results from cognitive studies that
model item difficulty from task features. That is, the
relationships between task features and item difficulty
will be biased by the distances between the p-values in
the particular population that is studied.

The second property, measuring ability on an in-
terval level, also is not achieved in analyses based on
classical test theory. An interval scale is obtained when
the score distances between persons have equal mean-
ing for ability differences. Because classical test theory
does mnot provide person indices that are invariant
across tests, the scores may provide only information
about rank order. In turn, the ordinal nature of the
classical test scores biases comparisons of differences
between both persons and groups. For example, stud-
les on cognitive growth can be misleading if intelli-
gence is not measured on an interval scale. The
difference in cognitive ability between say, six- and
seven-year-olds can appear larger, equal to, or smaller
than the difference between nine- and ten-year-olds,
depending on the difficulty level of the items in the
test.

The third property, placing items and persons on a
common scale, also is not achieved in classical test the-
ory. The classic model of a test score, as the sum of
true score and error, does not include item parame-
ters. Therefore, item p-values are not linked numeri-
cally to ability. This is a disadvantage for intelligence
research, particularly developmental studies. For ex-
ample, although ability levels can be compared be-
tween various ages or between different groups,
theoretical interpretations about changes in the tasks
or problems that can be solved cannot be made di-
rectly.

In contrast, IRT models do place items and persons
on a common scale. Substantive theories of intelligence

or development are more readily incorporated into the
IRT measurement model in several ways. First, abilities
and ability changes may be linked to changes in item
performance because the items that correspond to a
particular ability level may be identified. Develop-
mental or lifespan changes in ability levels, for exam-
ple, could be referenced to the different tasks that
correspond to the means on the two measurement oc-
casions. Second, substantive theories of the ability test
(e.g., as concerns the processes, strategies, knowledge
structures that are used to solve items) can be incor-
porated directly into several more specialized IRT
models (see Embretson, 1985) if the item features that
influence processing difficulty can be discerned. Then,
the cognitive demands of items can be estimated in
the context of the IRT model, which in turn, also can
provide a systematic basis for item and test design
(Embretson, 1985).

MEASUREMENT THEORY: CLASSICAL
TEST THEORY VERSUS IRT

Giving meaning to a test score involves specifying a
comparison. For any comparison to be made, two
specifications are necessary: the standard to which the
score is to be compared, and the numerical basis of
the comparison (order, difference, ratio). When the
evidence indicates that the properties of common-
scale, interval-level measurement and invariant prop-
erties obtain, the advantages of IRT over the classical
approach stem from these two specifications.

First, unlike IRT, classical test theory specifies com-
parisons with other scores as the standard for score
meaning (i.e., other persons, other occasions, other
tests). Most often, a comparison with other persons
provides the meaning for a classical test score. None-
theless, how well a person does in comparison with
others (or with other occasions or other tests) does
not indicate how well the person masters the tasks of
a test. Specifying the changes in percentage of items
passed, as in criterion-referenced scores, offers little
improvement because item-difficulty level is arbitrary
in an ability test; the specific test items are a subset of
the many tasks that could measure ability. Rather, in-
terpretability requires an internal structure of th¢ tasks
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by difficulty; therefore, scores may be understood by
the tvpe of items that are mastered.

In contrast, IRT scaling provides a basis for order-
ing persons in accordance with level of ability because
persons are compared to items. The difference be-
tween a person’s ability and the difficulty of an item
determines the probability of success the person has
on the item. For example, with a simple IRT model
(i.e., the Rasch model), when the scale value of a per-
son exceeds the scale value of an item, the correspond-
ing probability of success is higher than .5. When the
scale value of the person is lower, then the probability
of success is lower than .5. When the two scale values
are equal, the probability of success equals .5. In the
latter case, the item corresponds to the ability level,
analogous to a psychophysical scale in which a stimu-
lus is at the threshold value. Because persons and items
are located on the same scale, persons can still be com-
pared with each other also, as in the classical approach.

Second, unlike IRT, the decision on the numerical
basis of score comparisons is arbitrary in the classical
approach. No clear rationale exists for which numeri-
cal aspects of a test score generalize to the underlying
dimension that is measured. That is, no way exists to
derive empirically or evaluate the form of the func-
tion(s) connecting the latent variable (ability) with the
manifest variable (the test score). One approach is to
assume only that the functions are monotonically in-
creasing (or decreasing), meaning that scores merely
order people by ability level. However, if the scores
are to be compared for differences or statistics are to
be computed that require meaningful score differences
(such as the mean and standard deviation), then a
strong assumption is required. Typically, a linear func-
tion is assumed arbitrarily, implying that one can also
trust the order and the differences between scores.

The IRT solution to the numerical basis of scores
uses the principle of additive decomposition, a major
aspect of fundamental measurement. For test data, an
index of accuracy level is decomposed; the choice of
the accuracy index depends on the score comparisons
that are desired (e.g., differences) and certain practical
considerations. In the most simple model, the Rasch
model, the natural logarithm of the odds for solving
each item is decomposed. The odds are that the prob-
ability of success is divided by the probability of
failure; therefore Log Odds,., , = Ln(Prob,, ./

Proby,,..)- The log odds is postulated to equal the dif-
ference between ability and item difficult; therefore,
Log Odds,.,,, = Ability-Item Difficulty. This term is
called the logit. Successful scaling of ability and item
difficulty has been obtained when item responses for
a test are well predicted by the model. This evidence
thus supports the hypothesis of additive decomposi-
tion.

Thus, the logit is useful for additive decomposition
because it fulfills the condition of increasing and de-
creasing directly with ability. The logit provides the
common scale for items and abilities. In this model,
when ability equals item difficulty, the logit, of course,
is zero. This situation results when the odds equal 1.0,
which in turn happens only when the probability of
success is .50, analogous to a psychophysical threshold
value. Positive and negative logits mean that probabil-
ities of success that are higher and lower than .5
respectively. This simple difference scale has the desir-
able property of defining equal distances with an ab-
solute meaning for the accuracy level index. No
transformation of either ability or item difficulty is
permitted that would change the difference scale be-
cause the associated log odds and probabilities would
change. Thus, the empirical fit of the test data to the
model would change.

The three desirable features of measurement—
common-scale measurement of persons and items, in-
terval scale for abilities and invariant indices—follow
from the difference model. Ability and item difficulty
are measured on a common scale because changing
either by the same amount has the same effect on the
log odds. That is, increasing ability or decreasing item
difficulty by the same amount has the same impact on
log odds. The interval scale properties also follow from
the model. Equal differences between pairs of abilities
have the same meaning for accuracy level. For any two
abilities that differ by some value, the log odds for
solving an item also differ by that same value. Lastly,
the invariance of the item and person parameters can
also be shown as a consequence of the model in a
similar way. For example, that abilities do not depend
on item difficulty can be shown. The same difference
log odds will be given regardless of the difficulty of the
item. Conversely, the same difference in log odds be-
tween two different items will be given regardless of
the person on which they are compared.
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The additive decomposition idea can also be further
employed to analyze the abilities into parts, each re-
ferring to a different underlying dimension, and to
analyze the item difficulties into parts, each referring
to the contribution from a different item stimulus fea-
ture. This further extension of additive decomposition
permits both multidimensional models of the traits to
be formulated and mathematical models of item diffi-
culty to be incorporated into the model. The former
property is crucial for change measurement, and the
latter is crucial for incorporating substantive aspects of
items and tasks into test interpretations and test design
(see Embretson, 1985, 1991).

CONCLUSION

IRT models offer many desirable properties for in-
telligence research. Nonetheless, caveats should be
given. First, the models must fit the data. If the Rasch
model does not fit, then a more complex IRT model
such as the two-parameter or three-parameter logistic
model may prove suitable. If these do not fit, then yet
more complex models, such as multidimensional IRT
models, may be applied. Second, the more complex
the IRT model, the larger is the required sample size
to obtain useful item calibrations. The three-parameter
logistic model, which contains item discrimination and
guessing parameters, may require as many as 1,000
persons to obtain stable results. In contrast, useful re-
sults may be obtained from the simple Rasch model
with as few as 150 persons. Although special item se-
lection may be required for test data to fit the Rasch
model, the classical test theory has operated as if the
Rasch model were true. Classical test scores, like the
Rasch model, weight items equally. In the more com-
plex models, such as the three-parameter logistic,
items are weighted by a discrimination index, which
indicates item quality. Thus, fitting the Rasch model
may require some extra effort, but the model is con-
sistent with implicit classical beliefs about item equal-
ity and further affords the many advantages of IRT
without prohibitively large sample sizes.
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LEARNING DISABILITY Learning disability
refers to a subset of instances in which individuals can-
not master skills important in school success, such as
reading, spelling, mathematics, communication, or so-
cial skills. The term learning disability cannot be equated
with poor academic performance, or with the broader
term, learning disorder. Many children perform poorly
in school but do not have either a learning disorder or
a learning disability; for example, depending on age
and grade of entry, children whose native language is
not English may not perform well in U.S. schools, al-
though their ability to learn is not impaired. Many
children who have academic difficulty do, however,
have a learning disorder—such as mental retardation,
autism, brain injury, or a specific learning disability.
The term learning disorder includes any condition in
which the individual’s ability to learn is impaired,
whether that condition occurred before or after birth.

Within the broad range of learning disorders, learn-
ing disability specifies a subset of situations in which
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individuals have poor academic skills—in spite of sub-
stantially higher intellectual ability—when the aca-
demic difficulty is not due to visual, hearing, or motor
handicaps; mental retardation; emotional disturbance;
or environmental, cultural, or economic disadvantage.
This definition comes, not primarily from psychologi-
cal, educational, and medical knowledge, but from the
definition of the concept in federal law (Public Law
94-142 and its update, PL 101-476). This legal defi-
nition of learning disability has been criticized as vague
and hard to implement; no generally accepted scien-
tific definition exists that might replace it, however.
Scientific controversy rages over most elements of the
federal definition, including whether a discrepancy be-
tween intellectual ability and academic achievement is
necessary to consider an individual learning disabled
(Pennington, 1991).

Federal law charges school districts with interpret-
ing the definition; as a result, from state to state, there
are large differences in the way children are identified
as learning disabled. Some states identify nearly five
times as many students as learning disabled as do other
states (Reynolds, 1990). Estimates of what percentage
of the population has a learning disability (prevalence)
depend, therefore, on how one defines learning dis-
ability (Barkley, 1990); estimates of prevalence are as
low as 5 percent and as high as 20 to 30 percent.
Estimates of prevalence in special populations, such as
children with ATTENTION DEFICIT HYPERACTIVITY DIS-
ORDER (Barkley, 1990) or diagnosed emotional distur-
bance (Greenblatt, Mattis, & Trad, 1990), are higher
than estimates of prevalence in normal populations.
The technical problems in identifying individuals as
learning disabled center on defining what a “severe
discrepancy” between intellectual ability and academic
achievement is and how to measure this (Reynolds,
1990).

Experts have urged that learning disabilities in chil-
dren be identified as early as possible, technical prob-
lems notwithstanding, to reduce their immediate and
long-term effects (Satz & Fletcher, 1988). In addition
to academic problems, many children develop second-
ary emotional and behavioral problems. Reading and
learning disabilities are the major single cause of school
dropouts in our educational system. Learning disabil-
ities afflict many children who are referred to clinics

and juvenile courts. The federal definition of learning
disability is a stumbling block to early identification,
however, in that students must fall behind in their ac-
ademic skills before they can be identified. Some ex-
perts have argued for the development of early
screening batteries, to be used with every child in kin-
dergarten or earlier, so that children at risk for aca-
demic failure could receive full assessment and early
intervention (Satz & Fletcher, 1988).

TYPES OF LEARNING DISABILITY

A number of typologies of learning disability have
been proposed, based on empirical studies, theoretical
understanding of brain function, clinical experience, or
all three (Feagans, Short, & Meltzer, 1991; Rourke,
1985). Many theoretical and methodological problems
stand in the way of developing a definitive typology;
for example, definitions differ across studies, as do
methods of measuring intellectual ability, academic
success, and the discrepancy between the two. A ma-
jor reason that we should understand what subtypes
may exist is that individuals with different types of
learning disability may benefit from different methods
of instruction.

Experts agree that those whose primary problem is
learning to read and to spell have a different kind of
learning disability than do those whose primary prob-
lem is learning arithmetic or mastering handwriting.
Technical terms for reading and spelling problems are
reading disability, verbal learning disability, or dyslexia.
There is less agreement, however, on subtypes that
may exist within this large group of learning-disabled
individuals. The terms often used for problems with
arithmetic and handwriting are nonverbal learning dis-
ability and right hemisphere learning disability.

Dyslexia or Verbal Learning Disability. The
primary characteristics of dyslexia are unexpected dif-
ficulty in learning to read or spell. The best-supported
explanation of dyslexia holds that underlying these
characteristics is difficulty with language-processing
skills that enable children to learn and to use the rules
of phonics (recognizing and using sound values of let-
ters, letter groups, and syllables to pronounce words).
Children must be able to engage in phonological coding,
as well, to decode printed letters into blended sounds.
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For efficient reading, phonological coding must be ef-
fortless; even good readers rely on this strategy—and
not primarily on recognizing words by sight—to de-
code written language.

Dyslexic children are deficient in phonological cod-
ing and thus have difficulty in learning to read. Slow,
halting, labored oral reading exposes this condition.
Some may also have had disorders of articulation as
younger children (in which speech sounds are mis-
pronounced), because of difficulty with phonological
coding. Underlying this difficulty, we have found, is a
deficit in phoneme segmentation skills (the ability to rec-
ognize phonemes, or individual sounds, in spoken
words) (Pennington, 1991).

Several lines of evidence bear on the causes of dys-
lexia. Phonological coding and phoneme segmentation
are now known to be heritable skills (Pennington,
1991). Electroencephalograph (EEG), evoked poten-
tials, and positron emission tomography (PET) brain
scans show that the way the left hemisphere of the
brain functions is different in dyslexics than in normal
individuals. Autopsy and magnetic resonance imaging
(MRI) studies have revealed that in normal readers, the
planum temporale (a portion of the surface area of the
brain’s temporal lobe) is larger in the left hemisphere
than in the right hemisphere; in dyslexics, however,
these two areas are the same size. The left-hemisphere
planum temporale subserves processing abilities such
as phonological coding and phoneme segmentation.

Dyslexia is three or four times as common in boys
as it is in girls. Recent research suggests the reasons
for this difference are biological.

Identification and Treatment of Dyslexia. According to
federal law (PL 94-142), children must be identified
as learning disabled by a multidisciplinary team to re-
ceive special education services in the public school
system. Assessment by a psychologist as a member of
the team is necessary to make the diagnosis; tests used
must include a measure of intellectual ability, such as
the Wechsler Intelligence Scale for Children-Third
Edition (WISC-III) and a battery of individual achieve-
ment tests that help assess word identification, reading
comprehension, spelling and phonetic skills, as well as
mathematics and written language. Most psychological
assessment approaches to identifying dyslexic children
look for a significant discrepancy between general in-

tellectual ability and ability in reading and spelling
skills. Often, but not always, dyslexic children perform
better on nonlanguage tasks than on language tasks
when tests measure intellectual ability. Such children
display poor reading skills, including an inadequate un-
derstanding of phonics, as compared with their per-
formances in other achievement areas.

Many treatment programs for dyslexia have been
advocated, but few have demonstrated any effective-
ness. Some experts now agree that dyslexic children
must be taught to read using a phonics-based approach
(learning to read words by sounding them out). Indi-
vidual tutoring is advisable, but not by parents. Pen-
nington (1991) discusses this in detail.

In addition to treating the specific, school-related
deficits that define learning disability, it often is im-
portant to treat the dyslexic child’s emotional or be-
havioral problems, whether caused by or a cause of
the disability.

Right Hemisphere or Nonverbal Learning
Disability.

learning disability show poor skills in mathematics,

Individuals who manifest this type of

handwriting, or social cognition (understanding). In-
dividuals with difficulties in all three areas have been
described by Rourke (1989) as having a nonverbal
learning disability. Other researchers see these three
types of difficulties as separable, though related, be-
cause of their likely origin in right-brain-hemisphere
dysfunction (Pennington, 1991).

The prevalence of nonverbal learning disabilities has
been estimated to be from 1 percent to 10 percent of
learning-disabled individuals, or from 0.1 percent to
1.0 percent of the total population, and is thus much
lower than the prevalence of dyslexia. Unlike dyslexia,
the sex ratio of individuals with nonverbal learning
disabilities has been estimated to be even, 1:1. There
is some evidence that a nonverbal learning disability
characterizes females with either the Turner syndrome
or the fragile X types of genetic disorder; but little else
is known about possible genetic or environmental
causes. Nonverbal learning disabilities have been re-
ported to occur as a result of complications at birth,
seizure disorders, closed head injury early in develop-
ment, cranial radiation, unsuccessfully treated hydro-
cephalus, and congenital absence of the corpus
callosum.
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The main learning problem that individuals with
nonverbal learning disabilities have is with mathemat-
ics. This is because of their poor concept-formation
skills, thought to be related to a deficit in spatial cog-
nition (a right hemisphere ability). Visuospatial deficits
in the brain have also been linked to poor handwriting.
Dyslexic children (who presumably have left-brain-
hemisphere dysfunction) may perform poorly in math-
ematics because of their inability to memorize basic
math facts or to read and understand word problems;
reading and memorizing written material are strengths
for children with a nonverbal learning disability, how-
ever. Instead, these children make reasoning errors in
math problems, often by failing to see how to “set up”
the problem in their minds. In arithmetic, they do not
understand “place value” (i.e., the place of a numeral
determines whether its value is in ones, tens, hundreds,
etc.); their poor handwriting and poor spatial organiza-
tion also produce messy, illegible written work, which in
turn makes correct computations difficult.

Because the reading level is normal, children with
nonverbal learning disabilities may be identified as
learning disabled later than is the dyslexic child.
Nevertheless, they may display some problems early in
development, such as poor coordination; dislike of
puzzles, art, and building things; and slow, eftortful,
disjointed handwriting. Because children with these
problems may do adequately in school until written
work becomes important, they may be perceived as
merely uncooperative (rather than as learning dis-
abled) when they first begin to have great difficulty
completing written work.

Identification and Treatment of Nonverbal Learning Dis-
ability. A psychological assessment approach using a
test battery similar to that described for dyslexia is
needed to identify nonverbal learning disabilities. Chil-
dren with nonverbal learning disabilities show differ-
ent patterns of performance on standard intelligence
and achievement tests than do dyslexic children. Usu-
ally, on tests of intellectual functioning, children with
nonverbal learning disabilities display better language
skills than visuospatial skills or visuomotor skills, along
with selective difficulty on mathematics achievement
tests or samples of handwriting. The preferred treat-
ment of a specific handwriting disability is to teach the
child to type and to allow more time to complete writ-

ten work. The treatment of a specific math disability
depends on whether the source of the child’s difhculty
is spatial reasoning (in which case, teach place value;
use graph paper to align problems; estimate and check
answers), or executive (integrative) functioning (in
which case, teach planning and organization skills;
step-by-step reasoning and learning strategies). Chil-
dren with difficulty in executive functioning that im-
pairs their math performance will likely need help
with other tasks that require organization as well
(such as writing down homework assignments; getting
homework turned in).

In addition to treating the school-related deficits
that define learning disability, it is important to treat
the emotional or behavioral problems that learning-

disabled children may have.

SECONDARY SYMPTOMS: EMOTIONAL
AND BEHAVIORAL PROBLEMS

Learning-disabled children are more likely than
other children to have emotional or behavioral prob-
lems. In fact, the rate of socioemotional or behavioral
disturbances reported in some samples of learning-dis-
abled children is 50 percent (Rourke, 1988a) or even
higher (Spreen, 1989). The Diagnostic and Statistical
Manual (yf Mental Disorders, Third Edition, Revised (DSM-
III-R), used by psychologists and others, states that a
common complication of a learning disability is conduct
disorder (severe antisocial behavior disturbance). Also,
children with conduct disorders, attention deficit dis-
orders, or involvement with the juvenile justice system
are more likely to be learning disabled than are normal
children. Children with learning disabilities are apt to
have emotional or behavioral problems because the def-
icits they have in processing information make social
adjustment more difficult; the experience of academic
failure places children at risk for subsequent poor mo-
tivation, for peer rejection, and for behavioral prob-
lems. By no means do all learning-disabled children
have behavioral or emotional problems (Rourke,
1988a), and not all children with a conduct disorder
have a learning disability, although many fail in school.
School failure may result from noncompliance, a neg-
ative attitude, and poor social skills, as well as from a
learning disability (Patterson, Reid, & Dishion, 1992).
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It may seem obvious that learning-disabled children
should and do have high rates of behavioral and emo-
tional disturbance, but the reasons are not well under-
stood. One theory is that the experience of having a
learning disability causes emotional and behavioral
problems because of school failure and frustration, but
this does not explain why some studies indicate be-
havior problems may develop before school age
(Spreen, 1989). Another theory is that emotional and
behavioral problems cause learning disability, but this
does not explain why approximately 50 percent of all
children with a learning disability do not have emo-
tional or behavioral problems. A third theory suggests
that both learning disabilities and behavioral and emo-
tional disturbances are caused by a third factor—
namely, some type of dysfunction in the brain itself.
Spreen (1989) has concluded that this third theory is
attractive but oversimplified.

Many studies have grouped all learning-disabled
children together, instead of separating them by sub-
type; this strategy obscures emotional and behavioral
problems that may be specific to the different subtypes
(Rourke, 1988a). Yet the lack of agreement about
learning disability subtypes, and the many methods of
identifying them, prevent researchers from reaching
precise conclusions (Spreen, 1989).

Rourke (1988b, 1989) has described the Nonverbal
Learning Disability syndrome as including a particular
set of psychological problems. Young children with
this syndrome may have behavior disorders, but later
are more likely to have psychological problems that
may “internalize” (express inwardly), such as by depres-
sion, anxiety, and social withdrawal. According to
Rourke, these problems are related to the social and
adaptive deficits that characterize the disorder, includ-
ing difficulty adapting to new or complex situations,
deficits in understanding and evaluating social situa-
tions, and poor ability to interact with others. Other

experts question whether these deficits in social cog-

nition and social functioning always accompany the
nonverbal  learning disability (Pennington, 1991).
Spreen (1989) reposted a slight tendency for dyslexic
children to show more depression, whereas children
with math disability showed more behavior problems.
Except for the small group described by Rourke, re-
lationships between type of learning disability and the

type of emotional or behavioral disturbance remain
unclear.

Evidence suggests that when a conduct disorder has
developed, treatment of academic problems alone is
not sufficient to correct the conduct disorder (Patter-
son, Reid, & Dishion, 1992). Some comprehensive
early interventions, however, with family and aca-
demic components designed to prevent academic
problems (in children at risk for school failure, but
who may not have had learning disabilities) have had
the unexpected benefit of reducing the rate at which
conduct disorders develop (Zigler, Taussig, & Black,
1992). Children with learning disabilities who also
have behavioral or emotional problems need appropri-
ate psychological counseling or therapy accompanying
any educational intervention.

(See also: MENTAL RETARDATION, CULTURAL-FAMILIAL;
MENTAL RETARDATION, ORGANIC.)
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LEARNING AND INTELLIGENCE

say they have learned when as a result of study or

People

experience they know things they did not know before
or can do things they could not do before.

As R. J. Sternberg (1990) observed, the idea that
learning relates to intelligence appeared in the writings
of ancient philosophers. To elaborate his views of in-
telligence, Plato drew the metaphor of a block of wax
in the mind on which learning is etched. According to
Plato’s metaphor, different men’s blocks have different
sizes, hardness, moistness, and purity, and a mind
learns and remembers easily only when its wax is pure,
clear, and deep.

In modern times, the question of how learning
relates to intelligence has been taken up by psycholo-
gists, who have offered three hypotheses. One hypoth-
esis, embraced avidly during the early 1900s, was that
intelligence is learning. This hypothesis is seldom heard
today, in part because many laboratory studies failed
to find a relationship between learning and intelli-
gence, which they must if the two are the same, unless
the studies should have been done differently. J. C.
Campione, A. L. Brown, and R. A. Ferrara (1982)
noted that researchers who studied learning and intel-

ligence had students practice (but did not teach or
reward them) trivial tasks requiring no new skill or
knowledge; the students’ performance did not im-
prove, as it would have if they had learned. In other
words, research relating intelligence to learning had
nothing to do with learning.

Campione, Brown, and Ferrara argued that differ-
ent kinds of experiments are needed to see whether
intelligence relates to learning. They hypothesized that
people with greater intelligence would learn more and
faster in experiments and schools that directly teach
new knowledge and procedures required by cog-
nitively demanding activities. Their argument was
convincingly affirmed only in the 1990s (Ferretti &

~ Butterfield, 1992).

A second hypothesis of modern psychologists is
that intelligence depends on many ways of thinking
and processing information, and those ways of think-
ing and processing are learned (Brown & French,
1979; Butterfield, 1986; Butterfield & Ferretti, 1987,
Sternberg, Ketron, & Powell, 1980). Intelligence is
broader than learning, but tools of intelligence are
learned.

A third hypothesis is that quick learning is one re-
flection of intelligence. Said more precisely, intelligent
people are hypothesized to learn from less-complete
instruction than unintelligent people, because they
possess knowledge and ways of thinking that fill in-
structional gaps (Brown & Campione, 1981).

TOOLS OF INTELLIGENT ACTION

Five tools of intelligence are cognitive knowledge,
cognitive strategies, metacognitive monitoring, meta-
cognitive control, and metacognitive understanding.
This article will rely on inclined planes to illustrate
these tools. (See also METACOGNITION.)

As psychologists have used them, inclined planes
are like ski jumps down which balls roll and then fly
and land in a long box compartmentalized lengthwise
to show distance traveled from the end of a plane (see
Figure 1 and Ferretti & Butterfield, 1986, p. 1422).
Before balls are allowed to roll, each of two planes is
set at an angle above horizontal with one or more
props. The more props, the greater the angle of a
plane, and props are readily counted. The ball on each
plane is held stationary by one of several stops located
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Figure 1

When released, which ball will fly farther?

at different distances from where the angle meets a
short flat surface. The number of stops between a ball
and the end of a plane is also readily counted. Having
shown a student two propped planes, each with a
stopped ball, psychologists ask the student to predict
which of three things will happen when the balls are
unstopped (Ferretti & Butterfield, 1986; Siegler, 1976,
1981). A student’s choices are whether one ball, the
other, or neither will go farther.

One tool for making such choices is knowledge. In
this case, it is knowing an inclined plane’s relevant di-
mensions and how they influence distance flown. A
plane’s relevant dimensions are its angle of incline and
its ball’s distance from where the plane meets its hor-
izontal extension. Greater angle and greater distance
both work for longer flight of a ball once it leaves a
plane. Learning the relevant dimensions of a problem
such as an inclined plane is not trivial, because many
dimensions can be used to describe a plane and its balls
and because the relevant dimensions of many planes
influence problem outcome in complex ways.

Like balance scales, inclined planes come in several
subtypes that require different strategies for their so-

lution (Butterfield & Nelson, 1991; Ferretti & Butter-
field, 1986; Siegler, 1976, 1981). The strategies vary in
their complexity, with more-complex strategies learned
at later ages. Young children approach all problems as
if they were solvable by the simplest strategy, whereas
mature problem solvers use more-complex strategies
when they are required by the problem they face. Here
only the simplest and the most-complex of the five
strategies applicable to inclined-plane problems will be
described. For descriptions of intermediate strategies,
see R. S. Siegler (1976) or E. C. Butterfield and G. D.
Nelson (1991).

Students using the simplest dimensional compari-
son strategy predict on the basis of one relevant di-
mension. For example, if comparison of two inclined
planes reveals that they have unequal angles, a student
who relies only on angle predicts that the ball on the
plane with a greater angle will go farther, regardless of
the distances of the two balls up their inclines. Despite
its seeming naiveté, dimensional comparison allows
correct prediction for problems whose uncompared
distance dimension has equal values on both planes or
a larger value on the same plane with the larger angle.
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The most complex strategy for solving inclined
planes is required by problems having unequal and
conflicting values for both of a planes’ relevant dimen-
sions. Consider one plane with 4 angle props and a
ball on stop 6 and another plane with 7 angle props
and a ball on stop 3. Comparing only number of props
(angle) says one plane’s ball will go farther; comparing
only distance says the ball on the other plane will go
farther. Resolving such conflicting predictions requires
multiplying angle and distance separately for the two
planes (4 X 6 = 24 and 7 X 3 = 21); the ball on
the plane with the greater product flies farther.

Both dimensional comparison and integration by
multiplication require that a student quantify relevant
dimensions and either compare the quantities or in-
tegrate them arithmetically and compare the inte-
grated values. Knowledge of relevant dimensions
allows problem solution only if a person also uses ap-
propriate tactics for quantifying the dimensions and
integrating the quantities. It is true in general, not only
for inclined planes, that knowledge and strategies are
both necessary for intelligent action, and other tools
are needed too.

In contemporary theory, knowledge and strategies
are referred to as “cognition,” and monitoring and
controlling cognition makes it effective. Monitoring
and controlling knowledge and strategies is called
“metacognition,” which means cognition about cog-
nition. Effective metacognitive control depends on ac-
curate metacognitive monitoring. A student must
monitor what he knows about the implications of in-
clined planes’ features in order to select an appropriate
strategy, such as dimensional comparison or dimen-
sional integration by multiplication. Strategy selection
is a form of control of cognition, and like other forms
of control, it requires monitoring what one knows
about encountered problems. Monitoring and control
are also required when using knowledge and strategies
to solve problems. Thus, when using either dimen-
sional comparison or integration, a student should
monitor the accuracy of his assessments of dimensional
values and correct his counts or estimates as needed,
again basing his control of cognition (correcting his
assessments) on monitoring it. Especially when using
dimensional integration, students must keep track of
(monitor) where they stand in the sequences of tactics
that make up their strategies. Without such monitor-

ing, students cannot know what to do next. Following
his or her prediction for a pair of stopped planes, a
student must monitor the two balls’ actions after they
are unstopped in order to decide whether a different
strategy should be used on future problems. An im-
portant feature of this sort of monitoring and control
is that they can result in learning how to solve future
problems (Butterfield, 1986).

Effective control of ongoing cognition depends on
knowing what to monitor and on metacognitive un-
derstanding of the implications of what the monitoring
reveals. The following are some of the metacognitive
understandings needed to control effectively one’s so-
lution of such simple physics problems as inclined
planes, balance scales, and shadow projectors: (1)
There are many different kinds of simple physics
problems. (2) Only a few of any problem’s many di-
mensions are relevant to its solution. (3) Different
strategies solve different subsets of problems, and the
strategies form a hierarchy. (4) Dimensional compari-
son strategies are lower in the hierarchy than dimen-
sional integration strategies. (5) It is easier and more
efficient to use dimensional comparison than integra-
tion whenever possible. (6) Trying to solve a problem
by comparison tells when integration is required by
revealing conflicting predictions from different com-
pared dimensions.

UNITS OF LEARNING

Several theories of learning (Bower & Hilgard,
1981) exist, and all of them justify the same methods
of teaching knowledge, strategies, monitoring, and
control techniques, and metacognitive understandings.
Certainly behavior—analytic theory (Catania, 1984; Mi-
chael, 1982, 1989; Skinner, 1957, 1968) and cognitive
production-system theory (Anderson, 1983; Butter-
field & Nelson, 1989; Klahr & Carver, 1988) justify the
same teaching techniques (Bransford, Franks, Vye, &
Sherwood, 1989; Butterfield, Slocum, & Nelson, 1992;
Engelmann & Carnine, 1982; Gick & Holyoak, 1987),
even though they are widely regarded as highly differ-
ent theories (Catania & Harnad, 1988). To appreciate
the techniques recommended by all, it helps to con-
sider some details of what is learned. Because of the
similarities among different theories of what is learned,
this article will only describe particulars of produc-
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tions, a concept of 'Contemporary Cognitive psycholo-
gists (Anderson, 1983; Gagné, 1985).

Productions as the Units of Learning. A pro-
duction is a condition—action rule written as IF and
THEN statements. When its conditions (IFs) are sat-
isfied, its action (THEN) happens. A production’s IF
terms are goals and context descriptions. A produc-
tion’s THEN terms are physical or mental procedures,
including the setting of goals. Productions are linked
into systems in two ways: An earlier production sets
goal conditions for later productions, or earlier pro-
ductions create context descriptions for later produc-
tions.

Imagine that a child’s teacher asks for a prediction
about which of two balls on inclined planes will go
farther when the balls are unstopped. Each ball is
stopped a different distance from the end of its plane,
and the two planes are inclined at different angles.
Suppose that before the teacher’s request the student
has learned more than a child who uses the simplest
strategy described above; a child using the simplest
strategy believes that only angle is relevant to how far
a ball goes, whereas your imaginary student knows
that distance is relevant too. Nevertheless, your imag-
inary student has not learned to integrate dimensions
by multiplying; instead, when angle and distance di-
mensions give different predictions your imaginary
student predicts from one preferred dimension. Such
a child’s thinking as she tries to predict which of two
balls will go farther is described in Table 1'as a system
of seven related productions. Table 1 also describes
environmental events that are represented in the IF
statements of the seven productions.

In Table 1, the IF term of P1 depicts your student
as having a goal to follow teacher’s instructions (not
all children have this goal). When the teacher asks for
a prediction (the context portion of the IF term), the
child’s THEN action of P1 sets a goal to predict. This

goal carries over to P2, whose context statement de-

scribes a pair of inclined planes differing in both angle
and distance (mentioned in Table 1 under Environmental
Events). The THEN term of P2 specifies counting and
comparing props (angles of incline). Because P2 did
not set a new goal or change the planes, the IF term
of P3 differs from the IF term of P2 only by noting
prior counting and comparing of props. Like goal set-
ting, this is a production-system way of showing that

what happens next is determined often by prior men-
tal actions that have no environmental effects. In fact,
there are no environmental changes from P2 through
P7.

The THEN term of P3 shows counting and com-
paring stops (distances of balls) on the two planes. The
IF term of P4 represents the situation in which prior
counting and comparing said that one plane had both
a larger angle and a larger distance (relevant dimen-
sions) than the other plane. The THEN term of P4
predicts that the ball on the plane with the larger angle
and distance will go farther than the ball on the other
plane. As a group, P1 through P4 constitute a strategy
fully within the grasp of your imaginary child.

If the conditions of P4 were not met, those of P5
could be. Prior counts and comparisons could have
shown that only one dimension distinguishes the two
planes. If so, the THEN term of P5 predicts that the
ball on the plane with the larger single dimension will
go farther. As a group, P1, P2, P3, and P5 form an-
other strategy within the grasp of your imaginary
child.

P6 has a context description for which your imag-
inary child has not yet learned enough always to pre-
dict accurately: one plane has a greater angle; the other
has greater distance. Because the child does not know
about multiplying dimensions, he or she selects one
preferred dimension and predicts that the ball on the
plane with a larger value for angle or distance will go
farther. By accident, the prediction of the strategy
composed of P1, P2, P3, and P6é will be correct part
of the time, even though it results from your imaginary
child not knowing enough.

The context description in P7 stems from inade-
quate knowledge of your imaginary child and contra-
dicts environmental facts. Even though the two planes
differ in both angle and distance, counting or compar-
ing incorrectly could say that the planes have equal
angles and distances. Such a strategic error would yield
the prediction that the two balls will go the same dis-
tance. This possibility shows that it is mental repre-
sentations of events, not events themselves, that
determine whether the conditions of a production are
met.

How Tools Are Represented in Productions.
Knowledge is expressed in context statements of pro-
duction’s IF terms. Recall that context statements are
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TABLE 1
An analysis of seven productions (P1-P7) of a child’s thinking while
predicting which of two balls on inclined planes will fly farther

Environmental Events

Productions (P)

Teacher instructs child to predict which

ball, each stopped on its own
inclined plane, will go farther
when the balls are unstopped.

P1

IF a goal is to follow instructions and teacher
says to predict which of two balls on
inclined planes will go farther,

THEN set a goal to predict.

Two planes inclined at different angles

with balls stopped at different
distances.

P2

IF a goal is to predict and two planes are
present,

THEN count props that set angles of the
planes, and compare counts to see
which angle is steeper.

Two planes inclined at different angles

with balls stopped at different
distances.

P3

IF a goal is to predict, two planes are
present, and their props have been
counted and compared,

THEN count stops up to the ones holding
the balls, and compare counts to see
which ball is farther from end of the
plane.

Two planes inclined at different angles

with balls stopped at different

distances.

P4

IF a goal is to predict and both angle and
distance are larger on one of the
planes,

THEN predict that plane’s ball will go
farther.

Two planes inclined at different angles

with balls stopped at different

distances.

PS5

IF a goal is to predict, and angles or distance
are the same on the two planes, but
the other relevant dimension differs,

THEN predict that the ball on the plane
with one larger dimension will go
farther.

Two planes inclined at different angles

with balls stopped at different

distances.

p6

IF a goal is to predict, and angle is larger on
one plane and distance is larger on the
other plane,

THEN predict that the ball on the plane
with the larger angle (or distance) will
go farther.

Two planes inclined at different angles

with balls stopped at different
distances.

P7

IF a goal is to predict and counts have been
compared, and angles and distances are
the same on the two planes,

THEN predict that the two balls will go the
same distance.
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representations of environmental events, not environ-
mental events themselves. People draw representations
from their knowledge bases. Thus, young children rep-
resent inclined planes as machines with only one rel-
evant dimension, whereas many adults represent them
as machines with two relevant dimensions that can be
integrated by multiplying their values. The values
themselves are representations of results of produc-
tion-guided computations. Such differences in repre-
sentation (context statements) flow from differences in
knowledge.

Strategies are the active ingredients of intelligence,
and they are based in action statements of THEN
terms of productions. Recall, however, that without
knowledge and goals, strategies do nothing. The dis-
cussion of Table 1 mentioned several strategies com-
posed of a number of productions. This reflects the
fact that the productions in Table 1 were written more
simply and less redundantly than they could have
been, to make them easier to explain. It is always pos-
sible to write a strategy as one production (Butterfield,
Slocum, & Nelson, 1992; Klahr & Carver, 1988), and
the strategy always resides in the action statement of
the production’s THEN term.

As explained above, representations of environmen-
tal events and the outcomes of productions (knowl-
edge) enter context statements of productions that are
parts of a strategy or larger cognitive routine and allow
their control. Metacognitive monitoring represents the
actions of such productions so that they can be con-
trolled:

IF a goal is to predict with perfect accuracy which of
two balls will fly farther when they leave their in-
clined planes, and the angles of the two planes have
been calculated,

THEN calculate the angles again
and compare the two calculations,
and if they are not the same, calculate and compare
again.

In this production, metacognitive monitoring is the
source of the context statement “and the angles of the
two planes have been calculated.” Notice that the IF
terms of productions like this one, which monitor and
control cognition, do not refer to environmental
events; they refer only to the actions of other produc-
tions. The entire THEN term of this production exerts

metacognitive control. The THEN terms of such pro-
ductions always act on other productions, never on the
world. Such productions are metacognitive, not cog-
nitive.

Metacognitive Understanding.
tive understandings are highly general productions

Metacogni-

that can be translated into productions like the one
immediately above. Thus, a general production from
which the one above could have been derived is as
follows:

IF a goal is to solve problems accurately,
and you are solving a problem,

THEN check each of your intermediate calculations
and correct them if necessary before continuing your

solution.

Notice that such an understanding can guide the cre-
ation of checking routines for any calculation made in
the course of solving any problem. The reason it is so
general is that the checking operations come either
from known productions used to solve the problem at
hand or from the production guiding the checking.
Both kinds of production are immediately available to
a problem solver. Also, notice that the IF-term goal of
such productions also expresses a metacognitive un-
derstanding—in this case, the understanding that cal-
culations can be inaccurate, and if they are, the
solution will be wrong, but they can be corrected by

Checking.

HOW NEW TOOLS ARE LEARNED

New knowledge, strategies, metacognitive monitor-
ing, control, and understanding are learned from oth-
ers and by oneself.

Learning from Others. Learning from others
is either informal, by observation and imitation, or for-
mal, by teaching. Whether formal or informal, learning
from others results from exemplification, explanation,
and feedback, which are recommended by all learning
theorists as teaching tools. More or less systematic il-
lustration (exemplification) of environmental events
and distinctions among them promotes context-state-
ment or knowledge learning. Exemplification of ways
of acting promotes learning of strategies and metacog-
nitive control (action). Exemplification of ways of
thinking promotes learning of metacognitive monitor-
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ing and control. Explanation conveys rules about the
conditions under which (knowledge) to think or act in
particular ways (strategies), and it conveys goals and
metacognitive understandings. Feedback that is re-
warding promotes learning of all tools of intelligence.

Recall the child imagined earlier: the child who
knows that angle and distance are relevant dimensions
of inclined planes but does not know when or how to
integrate the dimensions by multiplication. Now imag-
ine that a teacher wishes the child to learn when and
how to integrate angle and distance. The teacher could
begin by showing the child how to distinguish between
problems that do and do not require integration. That
is, the teacher could exemplify problems for which one
plane has greater angle and distance than the other
plane, explaining that such problems can be solved by
dimensional comparison, without integration by mul-
tiplication. Similarly, the teacher would exemplity and
explain about problems that are equal on one of the
relevant dimensions, but not the other; again, integra-
tion is not required. Finally, the teacher could exem-
plify and explain problems with one plane having a
larger angle and the other a larger distance. Such prob-
lems do require integration. Before teaching how to
integrate, the teacher would ask the child to classify a
series of problems as requiring integration or not,
praising the child as feedback for correct classifications
until the child is always correct. Such teaching would
promote learning of the productions represented in
Table 1. (Butterfield & Nelson, 1989, and Butterfield,
Slocum, & Nelson, 1992, give other illustrations of ex-
emplification, explanation, and feedback.)

Teaching Oneself. An opportunity to learn on
one’s own exists whenever a person faces a problem
for which he or she does not already have an effective
strategy. The opportunity might be as simple as the
chance to learn that a strategy already learned for the
solution of another problem (inclined planes) works
for the new problem (balance scale). The learning
would be that a strategy (multiplying dimensions) that
works for inclined planes also works for balance scales.
Such learning results when a person uses a metacog-
nitive understanding to recognize that a novel problem
is similar to other problems that the person can solve,
calls up from memory knowledge and a strategy that
work for similar problems, applies the called-up knowl-

edge and strategy to the novel problem, and monitors
feedback and sees that the strategy works.

Except when feedback must come from another
person, such learning is fairly viewed as teaching one-
self. It requires that the person have metacognitive un-
derstandings and productions for trying and evaluating
known knowledge and strategies in unfamiliar situa-
tions. In effect, metacognitive understandings and pro-
duction for trying and evaluating serve as internalized
teachers.

Much intellectual development may result from
teaching oneself. The stage is set for such learning
when a problem is presented for which one does not
know a solution and the solution involves knowledge
and strategies that are typically learned at a later age.
The situation described in the preceding section, on
learning from others, would fit these criteria if no
teacher were there. At first, the imaginary child in that
situation does not know how to integrate inclined-
plane dimensions by multiplying, because integration
is typically learned much later than learning that two
dimensions are relevant (Siegler, 1976).

Imagine that situation again, but this time without
a teacher. To learn on his own, your imaginary child
could arrange inclined-plane problems for himself. He
could exemplify for himself various kinds of problems,
and doing so would require a metacognitive under-
standing of experimenting with novel problems that
provide their own feedback, as inclined planes do. He
could exemplify problems by changing values of
planes’ variable dimensions, thereby allowing discov-
ery problem types for which regularly accurate pre-
diction is impossible (without integration). Then,
concentrating on such problems, he could see that
there must be another relevant dimension on which to
rely or some other solution requirement. Finding no
other dimension to vary, he could explore different
ways of treating the planes’ two dimensions, such as
adding them. Adding dimensions solves many, but
not all, inclined planes, and addition is a form
of arithmetic integration. The only additional step
required would be to explore other arithmetic opera-
tions until evaluating feedback revealed that multi-
plying angle and distance invariably allows correct
prediction for inclined-plane problems. Further exper-
imentation with other problems, such as balance
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scales, shadow projectors, and volume estimation,
could allow additional learning of the type called in-
tellectual development. Such other problems are solvable
by the same strategy as inclined planes; only their rel-
evant dimensions differ.

A child need not be alone to instruct himself, In-
deed, it is possible that the reason more-intelligent
children learn more and faster from instruction is that
they more actively “assist” their teachers in their in-
struction. More often than less-intelligent children,
they may fill in larger gaps left by their instructors.

WHY THE INTELLIGENT
LEARN MORE RAPIDLY

That intelligent people learn more knowledge and
procedures than unintelligent people has been known
since Plato’s time at least. During the 1920s and 1930s,
much research was directed at establishing this fact
scientifically. It could be that intelligent people learn
at the same rate as unintelligent ones, but spend more
time learning. That could still be part of the story, but
more recent research has established that more intel-
ligent people do learn more in the same time with
identical instruction than less intelligent people (Fer-
retti & Butterfield, 1992).

Why intelligent people learn more rapidly is still a
matter of conjecture. Perhaps the most reasonable
conjecture is that they instruct themselves more fully,
effectively, or often. If so, the central source of their
greater rate of learning would be metacognitive mon-
itoring, control, and understanding. This would be
consistent with hypotheses advanced by many current
theorists (Butterfield, 1986; Campione, Brown, & Fer-
rara, 1982; Sternberg, 1985).

(See also: LEARNING, SKILL, AND TRANSFER; MEMORY.)
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EArRL C. BUTTERFIELD

LEARNING POTENTIAL ASSESSMENT DE-
VICE The Learning Potential Assessment Device
(LPAD) is one of the applied systems, mainly the Dy-
NAMIC ASSESSMENT OF MENTAL ABILITIES, which together
with Cognitive Intervention (known as Instrumental
Enrichment) and Shaping Modifying Environments,
derive from the theory of structural cognitive modifi-
ability. The theory defines intelligence as the propen-

sity of an individual to adapt to new situations through
modifications of the cognitive system. The theory pos-
tulates that human beings are modifiable structurally
in their cognitive, affective, and behavioral systems.
The theoretical point of departure of the LPAD is that
assessment and evaluation of the individual should not
focus on the currently manifest level of functioning
and present cognitive, behavioral, and emotional struc-
tures. Instead, they should evaluate the propensity for
modification of these structures and should study the
effects of the observed changes on the individual’s be-
havior and adaptability.

The evaluator should attempt to answer the follow-
ing questions:

1. To what extent is the individual’s functioning ac-
cessible to structural changes, regardless of how
low, how deviant, or how diverse from the norm it
currently is?

2. What is the significance of the changes that are
produced for the individual’s future adaptation to
more complex tasks?

3. How permanent and how generalized will such ob-
served changes be?

4. What modes of intervention are preferable to-pro-
duce the desired changes in the individual’s cogni-
tive, emotional, and behavioral structure?

TEST-MEDIATE-TEST APPROACH

The LPAD is focused, although not exclusively, on
assessment of the individual’s cognitive functioning. A
Test—Mediate—Test (TMT) approach produces a sample
of changes in the structure of the individual’s func-
tioning. The test phase is meant to establish the
baseline of the individual’s functioning in selected di-
mensions that are critical to the individual’s needs and
require meaningful change. The chosen dimensions are
related to developmental stages or to specific func-
tions. The phase of mediational interaction creates a
sample of changes in these critical baseline areas. The
retesting phase reveals the extent to which the me-
diated changes have modified the individual’s function-
ing in a series of tasks that are progressively more
complex and remote from the task used for the me-
diational process.

The dynamic use of TMT in the evaluation of the
individual’s functioning is meant to substitute for the
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usual static measurements that result in an 1Q score
or mental age. These static techniques measure current
functioning as if it were fixed and immutable. This
shift from a static to a dynamic approach requires
change in four dimensions of the measurement of in-
telligence: test instruments, test situation, process in-
stead of product orientation, and interpretation of
results and the changes produced in the examinee’s
functioning. Each of these four dimensions needs to be
changed as specified in the following sections.

Test Instruments. To produce a sample of
change in an individual’s cognitive functioning that
will reflect a difference in cognitive structure, the as-
sessment instruments should incorporate the following
three basic elements:

1. Accessibility to a learning process. Mediation of the
tasks has as its goals the production of a structural
change that is generalizable, transferable, and able
to generate prerequisites of further learning.

2. Utilization of generic mental processes that are pre-
sent in as many cognitive functions as possible.

3. Detection of the smallest change in the individual’s

functioning.

An illustration of the model construction for

such test instruments appears in Figure 1.
Test Situation.
ment models, the test situation is kept as isolated and

In conventional, static measure-

sterile as possible from factors other than the individ-
ual’s supposed “fixed capacity.” The nature of the task
and the conditions under which it is presented are
kept stable. All variations in the observed responses
have to be attributable to the fixed and immutable
intelligence of the person who is being assessed. A uni-
form, constant presentation assures accurate compar-
ability of the results to those obtained by the
normative group.

In dynamic assessment, the standardized and uni-
form mode of interaction is substituted by a flexible,
individualized mediational interaction. Tasks, instruc-
tions, and the modality of interaction are adaptable to
the needs of the particular individual. Feedback is con-
stantly offered, not only to help the examinee correct
responses but also to learn from these responses. The
major determinant of the nature of interaction be-
tween the examiner and the examinee is mediated
learning experience, which guides the intervention

that induces changes in the examinee’s functioning. In-
stead of rigid restrictions on interaction between the
examiner and the examinee, the examiner does every-
thing possible to enhance the individual’s functioning
and performance by correcting the deficient functions
producing insight, propensity to generalize, and ability
to transfer and apply newly acquired prerequisites for
further learning and thinking. The sample of “change”
in performance of the tasks is interpreted as repre-
senting the examinee’s propensity of modifiability. The
altered test situation is, therefore, the pivotal element
of dynamic assessment creating the sample of changes
that serve as a profile of the examinee’s modifiability.

Process Orientation. The usual measurement
of intelligence occurs through registration of the prod-
ucts of behavior elicited through a particular instruc-
tion or through observation of spontaneous behavior.
The product is then measured, compared, and inter-
preted as representative of a universe of behaviors that
reflect the norm. The results are then placed on the
scale of the normative behavior of the reference group.
The major concern, however, is the product.

Although the LPAD dynamic assessment approach
uses the product only as a baseline, it is the process
that has engendered the product that is the major fo-
cus of the assessment. Everything possible is done to
capture this process, understand it, and attribute to it
adequate weight in assessing the individual’s cognitive
structure. The ultimate goal of using the LPAD is to
develop an intervention program for the examinee.
The examiner is able to consider and choose the pref-
erential modalities of intervention only through un-
derstanding the process related to the person’s basic
functioning and the change in the process that is pro-
duced during administration of the LPAD.

Such understanding of the individual’s basic func-
tioning and access to change is assisted by two con-
ceptual frameworks. The first is a list of deficient
functions (Table 1) that are potentially responsible for
the individual’s failure to solve problems, to benefit
from learning, and to adapt to tasks. These functions,
whether absent, deficient, or fragile, describe the cog-
nitive characteristics of the individual. Deficient func-
tions are defined for the three stages of mental
activity—input, elaboration, and output—and help
describe why the individual exhibits certain difficulties
and is more or less resistant to learning. The list of

661



L.P.A.D. Model
4 % 2 Task
$8 :
@ "
2
] Initial Task - -

(Used to Teach a

Logical Multiplication —»
Permutation —|
Syllogism —»|
Classification —|

Etc....

—

Figure 1
The LPAD model with sample from an LPAD test

LPAD Variations No. 4

1

®

5

®

s
.

o
i

D.2

o
>

@S| @

® ®||® D | [F-[@

OISO

D.2

Foal||es|ec|es

T OF 1O Qo

N

)

662



LEARNING POTENTIAL ASSESSMENT DEVICE

TABLE 1
Deficient cognitive functions

The locus of the deficiencies resulting from the lack of mediated learning experience is peripheral rather than central. It
reflects attitudinal and motivational deficiencies, lack of working habits and learning sets rather than structural and
elaborational incapacities. Evidence of the reversibility of the phenomena has been provided by clinical and experimental
work—especially through dynamic assessment (Learning Potential Assessment Device [LPAD]). The LPAD has also enabled
the establishment of an inventory of cognitive functicns that are undeveloped, poorly developed, arrested and/or impaired.
These cognitive functions are categorized into the input, elaborational, and output levels.

Impaired cognitive functions affecting the input level include those impairments concerning the quantity and quality of data
gathered by the individual when confronted by a given problem, object, or experience. They include the following factors:

1. Blurred and sweeping perception.

2. Unplanned, impulsive, and unsystematic exploratory behavior.

3. Lack of or impaired receptive verbal tools, which affect discrimination (e.g., objects, events, and relationships do not have

appropriate labels).

4. Lack of or impaired spatial orientation; the lack of stable systems of references impairs the establishment of topological
and Euclidian organization of space.

. Lack of or impaired temporal concepts.

Lack of or impaired conservation of constancies (size, shape, quantity, orientation) across variation in these factors.

. Lack of or deficient need for precision and accuracy in data gathering.

®© o w»

. Lack of capacity for considering two or more sources of information at once. This is reflected in dealing with data in a
pacity g g
piecemeal fashion, rather than as a unit of organized facts.

The severity of impairment at the input level may also, but not necessarily, affect ability to function at levels of elaboration
and output.

Impaired cognitive function affecting the elaborational level include those factors that impede the efficient use of available
data and existing cues such as the following factors:

. Inadequacy in the perception of the existence and definition of an actual problem.

. Inability to select relevant versus nonrelevant cues in defining a problem.

. Lack of spontaneous comparative behavior or limitation of its application by a restricted need system.
. Narrowness of the psychic field.

. Episodic grasp of reality.

Lack of or impaired need for pursuing logical evidence.

Lack of or impaired interiorization.

Lack of or impaired inferential-hypothetical “iffy” thinking.

00NN A

Lack of or impaired strategies for hypothesis testing.
. Lack of or impaired ability to define the framework necessary for problem-solving behavior.

—
(=]

11. Lack of or impaired planning behavior.
12. Nonelaboration of certain cognitive categories because the verbal concepts are not part of the individual’s verbal
inventory on a receptive level or they are not mobilized at the expressive level.

“Thinking” usually refers to the elaboration of cues. Highly original, creative, and correct elaboration may well exist that
yields wrong responses because it is based on inappropriate or inadequate data on the input level.

Impaired cognitive functions on the output level include those factors that lead to an inadequate communication of final
solutions. Even adequately perceived data and appropriate elaboration can be expressed as an incorrect or haphazard solution
if difficulties exist at this level. Examples are the following situations:
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Egocentric communicational modalities.
Difficulties in projecting virtual relationships.
. Blocking.

. Trial and error responses.

. Deficiency of visual transport.
8. Impulsive, acting-out behavior.

Lack of or impaired tools for communicating adequately elaborated responses.
. Lack of or impaired need for precision in communicating the individual’s responses.

The three disparate levels were conceived to bring some order to the array of impaired cognitive functions seen in culturally
deprived persons. Interaction exists, however, between and among the levels that is of vital significance in understanding the

extent and pervasiveness of cognitive impairment.

deficient functions permits localization of the site of
deficiency responsible for the dysfunctioning of the in-
dividual.

The second conceptual apparatus, the cognitive
map (Figure 2), helps in understanding the nature of
the task as a determinant of success or failure in the
individual’s adaptation. The following seven parame-
ters explain why the individual is failing or succeeding
in a particular task: (1) content; (2) modality; (3) phase
of the cognitive function; (4) mental operation; (5)
level of abstraction; (6) degree of complexity; and (7)
level of efficiency. Using the cognitive map and list of
deficient functions opens the way to understand-
ing the process that underlies the individual’s failure.
The sample of change produced during the LPAD
relates to correction of deficient functions as well
as to manipulation of the tasks and their meaning.
It holds predictive value for the materialization of

learning potential and the propensity to become
modified.

Interpretation of Results. In the conventional
static test approach, interpretation of the results is a
function of comparison of the individual’s results with
those of the supposed referential group. Interpretation
is usually comprehensive; the results are reduced to an
index, such as the IQ, which does not allow for dis-
tinction between the different level of responses that
are the basis for the results. In a dynamic approach,
on the other hand, interpretation of the results takes

into consideration first and foremost the nature of the

tasks that the individual has mastered. The presence
of peaks in the person’s functioning is interpreted as
indicative of the true propensity of that individual to
learn, rather than of the lower global result. Interpre-
tation results from using the cognitive map that en-
ables analysis of the task, assignment of a specific
weight of a particular parameter for the individual’s
adaptive capacities, and evaluation of the changes pro-
duced. Interpretation of the process enables an evalu-
ation of the propensity for change, of the conditions
under which such changes have been produced, and
of the modalities by which such modes of functioning
can become accessible in a more pervasive way to the
individual.

CONCLUSION

Researchers have applied the LPAD to a large
variety of populations whose manifest level of func-
tioning suffers from cultural differences, cultural de-
privation, and/or deficient organic and emotional
conditions of the individuals involved. The resulting
profiles of modifiability have led to mainstreaming tens
of thousands of low-functioning and otherwise af-
fected individuals. The LPAD has generated instruc-
tional and enrichment programs that have enhanced
the modifiability of individuals by helping them be-
come sensitive, efficient learners. Last but not least,
the use of the LPAD with individuals in both clinical
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The cognitive map: Distal and proximal determinants of differential cognitive development

settings and experimental group testing situations has
led to the formulation of the construct of intelligence
as the propensity to change and adapt.

(See also: MEASUREMENT AND PREDICTION OF INTELLI-
GENCE.)
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REUVEN FEUERSTEIN

LEARNING, SKILL, AND TRANSFER
Since the beginning of twentieth-century attempts to
measure human intelligence, the relationship between
intelligence and learning has been certain yet elusive.
On the one hand, all psychological tests of intelligence
assess the cumulative degree of learning that an indi-
vidual has acquired up to the point of the test—or
even the degree of learning within the testing situation.
As such, intelligence tests measure what the individual
has learned from the environment (e.g., see Hum-
phreys, 1979). This type of linkage between intelli-
gence and learning is an integral part of the theory
and practice of intelligence testing, and it is central to
the use of intelligence tests for academic placement
(Binet & Simon, 1906; Stern, 1914). By assessing how
much an individual has learned, predictions can be
made regarding how much an individual may learn in
the future. Correlations between intelligence test
scores and school grades, or advancement/failure, pro-
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vide the primary source of validation of nearly all in-
telligence tests for children and adolescents. On the
other hand, the history of psychological inquiry shows
that it has been exceedingly difficult to assess the re-
lations between intelligence and specific learning situa-
tions (Woodrow, 1946). The problems in establishing
a specific linkage between intelligence and learning are
in part statistical and in part conceptual. Satisfactory
resolution of these problems has demonstrated that in-
telligence and specific learning are indeed related, but
only in some circumstances and under specific condi-
tions.

The school environment is best defined as consist-
ing of open-ended tasks. Tasks are open ended to the
degree that when individuals master one set of con-
cepts or skills, they are moved on to another set—
based on the preceding set or a more difficult task to
master. This kind of process is illustrated by the math-
ematics curriculum—once learners master addition
and subtraction, the next step is to master multipli-
cation and division, then algebra and geometry, and so
on. Intelligence tests well predict who succeeds and
fails in such situations.

Outside the school (e.g., in on-the-job situations),
many tasks are closed ended. There, a task, once mas-
tered, represents a terminal skill. Learning how to
drive a car is one such situation; learning typing skills
or the technical skills needed to master a musical in-
strument are other such situations. The relationship
between intelligence and the learning of such closed-
ended skills is far more complex than the learning of
open-ended skills.

Deriving a framework for explaining these different
situations is the goal of psychologists who are inter-
ested in mapping out the relations between intelli-
gence, learning, and transfer.

TYPES OF INFORMATION PROCESSING

Many ways exist to categorize types of human in-
formation processing. For a discussion of human skill
acquisition, two categories of information processing
are needed to understand and predict the relationship
between intellectual abilities and learning. These cat-
egories are called controlled information processing and
automatic information processing (Schneider & Shiffrin,
1977; Shiffrin & Schneider, 1977). Controlled infor-

mation processing is the way people handle novel or
inconsistent information—as when someone confronts
a new task to be learned. Controlled processing is used
for gaining an understanding of how to do a task, and
it is involved in strategy development and initial im-
plementation. Controlled information processing is
typically slow and requires a great deal of mental effort
or attention. Automatic information processing devel-
ops after someone has performed a task many times.
When the performance of a task becomes highly
speeded and accurate, an individual typically is using
automatic information processing. When automatic
processing has been developed, tasks can be performed
with little mental effort. Many aspects of touch-typing,
or driving a car, or the mechanics of reading can be-
come automatic with practice.

STAGES OF SKILL ACQUISITION
When people acquire a task skill, they typically go

through a transitional process—starting with con-
trolled information processing and ending up with au-
tomatic information processing. For example, if you
have learned to touch-type, you probably can remem-
ber how difficult and error prone your typing was
when you began to learn the skill and how you had to
rehearse mentally where each of the keys was in rela-
tion to others. After a great deal of practice, you prob-
ably found that you could type the letters you wanted
almost automatically, without devoting very much at-
tention to the task of typing at all.

Researchers have suggested that there are three
loosely defined stages of skill acquisition—a cognitive
(or controlled processing stage); an associative (or in-
termediate stage); and an autonomous (or automatic
processing stage) (Fitts & Posner, 1967). The ways in-
telligence is related to skilled performance depend pri-
marily on what stage of skill acquisition is being
considered (Ackerman, 1988, 1990).

INTELLIGENCE AND
SKILL ACQUISITION

During the first, cognitive, stage of skill acquisition
(and, generally, when tasks require controlled infor-
mation processing), general intelligence and broad
content abilities (i.e., spatial, verbal, numerical) are
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most highly associated with individual differences in
performance. That is, an individual’s level of general
intelligence determines how well that person can un-
derstand task instructions, memorize new information,
and develop efficient strategies for task performance
(Ackerman & Woltz, 1993; Kyllonen & Christal, 1990;
Woltz, 1988).

During the second, associative, stage of skill acqui-
sition, individuals typically are engaged in refinement
of their strategies for performing a task, and are
strengthening their associations between the inputs of
the task (stimuli) and the responses that are required.
In this stage of skill acquisition, general'intelligence
plays a less dominant role, and individual differences
in perceptual speed abilities are typically most highly
associated with individual differences in performance.

During the third, autonomous, stage of skill acqui-
sition, when automatic information processing is used
to perform a task, general intellectual abilities and
perceptual speed abilities have a greatly diminished
association with individual differences in task perfor-
mance. Instead, when task performance is dependent
on the speed and accuracy of motor processes, the
only abilities that regularly predict individual differ-
ences in performance are psychomotor abilities (such
as reaction time, rate of arm movement, and dexterity;
Ackerman, 1988).

There are two especially important points to be de-
rived from these findings. First, intelligence is most
highly associated with the early stages of skill acquisi-
tion, when controlled processing is used, and intelli-
gence is least associated with late stages of skill
acquisition, after nearly all individuals have success-
fully developed efficient strategies for performance.
These situations are common when someone is con-
fronting a closed-ended task—that is, one that allows
for the development of some terminal, automatic skill
(Ackerman, 1990).

Second, when tasks require controlled information
processing and do not allow for development of auto-
matic information processing, performance is nearly
always highly associated with individual differences in
intelligence. Such situations are common when the
task continues to involve a great deal of information
to be memorized, or when tasks are highly complex.
Under such circumstances, learners with lower levels
of general intelligence may be incapable of developing

automatic processing, and thus are required to con-
tinue to use their controlled information-processing
resources. This has been found in students who have
difficulty acquiring reading skills (Frederiksen, War-
ren, & Rosebery, 1985), and also for the complex tasks
in which air traffic controllers engage, where each day
provides a unique set of information that must be
memorized and processed (Ackerman, 1992).

INTELLIGENCE AND TRANSFER

As Ferguson (1954, 1956) pointed out, except for
the newborn child, learning is properly considered to
be transfer (of knowledge or skills previously devel-
oped). No consideration of child or adult learning,
then, is complete without attention to the role of in-
telligence in transfer of training. Sullivan (1964), for
example, has suggested that the essence of intellectual
ability is a repertoire for distant transfer of training.
High-ability learners are expected to benefit more than
low-ability learners under far-transfer conditions (that
is, when the initial task is remotely related to transfer
task), whereas low-ability learners benefit to a rela-
tively greater degree under near-transfer conditions
(when the initial task is highly related to the transfer
task). To put this framework into the current skill ac-
quisition perspective, the expectation from Sullivan’s
hypothesis, practice on far transfer tasks will lead to a
greater dependence of transfer task performance on
general intelligence, while practice on near transfer
tasks will lead to a diminished dependence of the trans-
fer task performance on general intelligence. These ar-
guments are entirely consonant with an aptitude-
treatment interaction approach to transfer of training
(for a discussion of aptitude-treatment interactions,
see Cronbach & Snow, 1977). In a series of studies
with school children, Sullivan and his colleagues
(Skanes, Sullivan, Rowe, & Shannon, 1974; Sullivan &
Skanes, 1971) have found evidence in support of this
hypothesis. That is, when children were given a re-
mote-transfer task (e.g., number series practice and
letter-series transfer test) those children with higher
levels of intelligence performed much better than
those with lower levels of intelligence. However, when
children were given a near-transfer task (e.g., letter
series practice and letter series transfer test), the chil-
dren with higher levels of intelligence benefited rela-
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tively less than the children with lower levels of
intelligence.

These results fit reasonably well with the stages of
skill acquisition discussed earlier. That is, when trans-
fer of training requires application of controlled pro-
cessing strategies (far transfer), learners of higher
intellectual ability benefit the most from instruction.
When training focuses on development of associative
or automatic information processing skills, however,
and the intellectual demands during transfer of train-
ing are diminished (near transfer), learners with lower
intelligence benefit the most, as they have proceeded
past the cognitive, or controlled information-process-
ing stage of skill acquisition into a stage of skill acqui-
sition that is less dependent on general intelligence.

CONCLUSIONS

As stated at the beginning, learning and intelligence
have a relationship that is at once both certain and
elusive. At a broad level of learning, such as grades
earned in school, intelligence and learning are tightly
linked. Intelligence is most closely related to learning
over long periods of time, for broad transfer of train-
ing, and especially for open-ended tasks—those that
repeatedly challenge the learner to memorize new in-
formation or acquire new task strategies. To take the
analogy to the tortoise and the hare—only the hare is
capable of succeeding in long-term confrontation with
open-ended tasks. The tortoise gets left behind. When
closed-ended tasks are considered, though, and when
it is possible to acquire an automatic information-
processing method of performing a task, intellectual
abilities are most highly associated with individual dif-
ferences in performance only during the early stages of
skill acquisition. As individuals develop automatic pro-
cedures for performing such tasks, other types of abil-
ities (such as perceptual and psychomotor) more often
determine who performs the best, or the fastest. For
the tortoise and the hare analogy, skilled performance
can be acquired by either the tortoise or the hare—
one fundamental determinant of final skill level is
amount of practice. Eventually, the tortoise ap-
proaches the performance level of the hare, and if the
tortoise continues to practice the task after the hare
moves on to some other activity, the tortoise may be

the one with the higher level of skilled performance
(Ackerman, 1987).

(See also: LEARNING AND INTELLIGENCE.)
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PHILLIP L. ACKERMAN

LEGAL ISSUES IN INTELLIGENCE Be-
cause the modern concept of intelligence carries im-
plications of individual differences in ability and merit,
the measurement of intelligence has aroused extensive
controversy. Social critics, legal experts, and legislators
have scrutinized individual intelligence tests and group
aptitude tests, especially their use in allocating highly
valued educational and employment opportunities.
The sharp and even litigious debate over aptitude test-
ing is not surprising.

Many persons believe that intelligence tests are a
major and unfair obstacle to the advancement of peo-
ple of African or Hispanic heritage. Some critics have
even called intelligence testing inherently racist, par-
ticularly when intelligence is conceived as a unidimen-
sional ranking and when test items appear to reflect
white culture or middle-class experience and values.
Testing has been stoutly defended, however, by edu-

cators, by employers, and by the testing industry, who
claim that it can identify “diamonds in the rough” and
open doors of opportunity for deserving individuals
who might otherwise be overlooked. Employers say
they need tests to select the most qualified applicants
for the job.

The legal evidence has shown that intelligence and
aptitude tests have sometimes been improperly used,
with unfair impact on minorities. Although courts
have occasionally banned the use of intelligence tests
altogether, for the most part the law has no absolute
prohibition against intelligence testing. Slowly, Amer-
ican courts, government agencies, and professional
organizations have developed a legal and ethical frame-
work to regulate intelligence testing to prevent uses
that are clearly unfair to certain groups.

The general guidelines for the use of tests as em-
ployment selection criteria were laid down in a series
of crucial Supreme Court opinions in the early 1970s
and have been refined continually through federal reg-
ulations and congressional action. These criteria for
analyzing claims of employment discrimination, often
called disparate impact analysis, comprise one of the
leading achievements of American civil rights law.

INTELLIGENCE IS A MORALLY
AMBIGUOUS CONCEPT

Fundamentally the law is a moral enterprise, that
is, lawmaking and litigation necessarily involve ideas of
fairness and justice. Underlying a claim about the un-
fairness of a test is an implicit theory about what a fair
test or selection procedure would be. Neither lawyers
nor psychometricians have yet reached a consensus,
however, on what constitutes a fair test and a fair se-
lection procedure.

Because intelligence is a morally ambiguous con-
cept, legal consensus is difficult to attain. A common
mistake is the viewing of intelligence rankings as
equivalent to moral merit ranking. The higher a test
taker’s score, the more opportunities are deserved.
Under utilitarian moral theories, this approach has
some appeal. Utilitarian theories seek to maximize hu-
man happiness, which is often conceived in this con-
text as economic productivity. Employers argue that
the applicants who deserve jobs are those with the
greatest potential as successful workers. General intel-
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ligence tests correlate with success in a wide variety of
jobs, that is, the tests have predictive validity. The
lower the score, the greater the chance that a person
will fail on the job. As scores increase, so does the
likelihood of excellence. A test with predictive validity
may be used as the selection criterion, and applicants
are chosen from the top scores down until all the po-
sitions are filled.

The problem with this rationale is that utilitarian
theories do not completely satisfy our sense of justice.
A person’s future productivity is not the only aspect
we examine when determining fair treatment. We also
look to the past efforts made by and past opportunities
received by the person. If a child of wealthy parents is
lazy but has an intelligence quotient (IQ) of 110, does
that child deserve preference to a child of poor par-
ents, who is hard-working but has an 1Q of 100? Many
critics would argue that if a person’s current function-
ing—as reflected in a test score—is partly the result
of a disadvantaged background, the denial of a job or
entrance to a competitive university would be an un-
fair further penalty. This argument is especially true if
the individual’s future performance will be at least ad-
equate, if not excellent, or if new opportunities have
some chance of correcting the deprivations of the past.
Because intelligence test scores reflect the influence of
many biological and environmental factors, most of
which are beyond the person’s control, intelligence
rankings are not reliable measures of who deserves
what. Intelligence can be viewed as a gift, not as a
moral or legal entitlement to admission to a university
or a high-paying job.

This point is part of the lesson of one of the most
famous cases involving educational testing, Bakke v. Re-
gents of the University of California, 438 U.S. 265 (1978).
Allan Bakke had argued that the university violated the
equal protection clause of the Fourteenth Amendment
to the U.S. Constitution by rejecting him for admission
to medical school but accepting minority applicants
who had lower scores on the Medical College Admis-
sions Test. The Supreme Court agreed that rigid
quotas based solely on race could constitute unconsti-
tutional reverse discrimination. The court’s decision
also makes clear, however, that high test scores alone
do not create a legal right to admission over those with
lower scores. University admissions officers can look
to other goals, including undoing the effects of past

discrimination and creating an ethnically diverse stu-

dent body.

RACE-CONSCIOUS ANALYSIS

One of the unfortunate facts about the legal scru-
tiny of intelligence testing is that it is bound up with
hotly contested claims about racial discrimination. Al-
though many of the moral arguments about test fair-
ness could be raised by a poor white against a wealthy
one, courts have examined intelligence testing through
the lens of civil rights law. This view focuses attention
on race and forces the issues to be analyzed in terms
of group rather than individual differences. When law-
yers file a brief challenging a selection procedure, they
must make a claim within the recognized legal causes
of action, and these causes involve claims of racial or
gender discrimination. No other way to get into court
exists.

As a result, most legal assaults on intelligence test-
ing start with a comparison of the average scores at-
tained by blacks, whites, or other legally recognizable
groups. (Civil rights laws generally contain a list of
groups who are recognized as historic victims of dis-
crimination and who are thus entitled to special legal
protection.) On general intelligence measures, African
Americans, as a group, typically have an average or
mean score one standard deviation (about 15 IQ
points) below the average for whites. This fact is cited
as proof that the test is unfair and that any decision
based on the test is discriminatory.

A similar argument was made in the case of Larry
P v. Wilson Riles, one of longest running battles involv-
ing individual 1Q testing. Black schoolchildren in Cal-
ifornia who were placed in classes for the educable
mentally retarded (EMR) brought suit under Title VI
of the Civil Rights Act and federal and state consti-
tutions. The crucial evidence was the disproportionate
number of black children placed in these classes. Al-
though only 9 percent of California schoolchildren
were black, they comprised 27 percent of students in
the EMR classes.

The judge heard extensive testimony from experts
on both sides of the case and reviewed carefully the
history of the development of IQ tests and the decision
by the California Department of Education to use
them in EMR placement decisions. The court found

670



LEGAL ISSUES IN INTELLIGENCE

that individual IQ tests, such as the Stanford-Binet and
the Wechsler Intelligence Scale for Children—Revised
(WISC-R), played a substantial role in placing students
in the EMR classes, and that blacks scored significantly
lower on average than did whites. Further, the state
had made use of these tests mandatory, knowing that
considerable controversy surrounded them, including
allegations that the tests were culturally biased.

Cultural Bias. The court examined several pos-
sible explanations for the differences in average scores
for blacks and whites. The genetic explanation was re-
jected because studies of genetic differences in intelli-
gence themselves used test scores; therefore, the court
reasoned that these studies cannot disprove cultural
bias in the test. Socioeconomic factors were dis-
counted because some differences in test scores remain
among blacks and whites of the same socioeconomic
level.

The most plausible explanation for the score differ-
ences, the court concluded, was bias in the test. The
judge in the Larry P. v. Wilson Riles case was struck by
the racist assumptions and eugenic goals of early
American test developers. The tests were first stan-
dardized and validated on whites but not on blacks.
Items were discarded if boys and girls scored differ-
ently on them. No effort was made to ensure that
blacks and whites attained the same scores, however,
apparently because racial differences in intelligence
were assumed. In addition, testing experts conceded
at the trial that because of cultural differences, black
children may not do as well as middle class whites on
particular items—such as the “fight item,” which
asked what one should do if struck by a smaller child
of the same sex. (According to the “correct” answer,
one should not strike back.)

The court concluded that the tests had not been
properly validated for placing black children in EMR
classes. It ordered that the schools stop using these or
any test not validated properly, that all students cur-
rently in EMR classes be reevaluated without the tests,
and that each school district report back to the court
in three years if any disproportionate representation of
black students in EMR classes remained.

The use of IQ tests to make EMR placement deci-
sions has been examined by other courts that have not
found fatal cultural bias. The judge in PASE v. Hannon,
506 F. Supp. 831 (1980) painstakingly reviewed each

item of the WISC, WISC—R, and Stanford-Binet tests,
searching for signs of cultural bias. Nine items on the
three tests appeared biased to the judge (for example,
“What is the color of rubies?” and “What does C.O.D.
mean?,” both from the now little-used WISC.) The
judge also noted, however, that most of the students
in the EMR class were from poor neighborhoods, and
he concluded that their economic background, not ge-
netics or cultural bias in the test, was the most likely
explanation of the disproportionate numbers.

Test developers cringe at the crude assessment of
face validity that some courts have employed to assess
cultural bias. Test developers have learned to be more
sensitive, however, to the appearance of bias. Most
tests are now carefully screened to ensure a fair rep-
resentation of content familiar to minorities and to
avoid language or knowledge that is familiar primarily
to whites. More sophisticated item analyses, for ex-
ample, a statistical search for item by race-interaction
effects, are also performed. These have rarely uncov-
ered test items that are uniquely difficult for minorities
or women.

SPECIFIC VALIDATION

Despite the increased sensitivity of test developers
and the elimination of biased items, group differences
in test score distributions remain. Could it be that not
only particular items but every item, indeed the entire
definition of intelligence, is biased against blacks and
Hispanics? The best answer to this charge is predictive
validation of the test. Standard intelligence tests mea-
sure abstract reasoning more than interpersonal, ath-
letic, or ethical skills. However, if test scores correlate
with, and are able to predict, school grades, job suc-
cess, and performance on a wide variety of tasks that
demand abstract reasoning, then the tests must be
measuring something useful. They can provide valu-
able information for admissions or personnel officers
who must select from a large pool of applicants.

The definition of intelligence as a broad common
factor (see FACTOR ANALYSIS) tells us that persons of
high intelligence tend to do well on a wide variety of
intellectual tasks. Nonetheless, researchers have long
recognized that there are more specific subsets of
skills. The more specific the test, the better the pre-
diction of performance in a job that demands the spe-
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cific measured skills. The verbal scale of the Scholastic
Aptitude Test for example, could be a good tool for
choosing members of the debate team, less useful for
organizing members of the math team, and perhaps of
no use at all for selecting the football team.

For these reasons, the law has a preference for tests
that are specifically validated for the purpose they are
being used. The best possible validation evidence is a
predictive validity study that demonstrates a high cor-
relation between test scores and some independent
measure of performance on the job, such as supervisor
ratings or grade-point average. In some cases, the
courts are willing to accept other evidence of validity,
such as a content analysis of the test and the job. Or
the validity of a test may be generalized from one job
to other similar jobs. The safest bet always is to vali-
date a test specifically for its purpose.

DISPARATE IMPACT ANALYSIS

The laws concerning employee selection tests spell
out exactly what each party in an employment dis-
crimination lawsuit must prove, including the kinds of
validation that an employer needs to defend against
charges of discrimination. First developed in a series
of Supreme Court cases beginning with Griggs v. Duke
Power Company, 401 U.S. 424 (1971), the principles of
disparate impact analysis were put into federal statutes
through the Civil Rights Act of 1991. In addition, fur-
ther technical guidance is found in the Uniform Guide-
lines on Employee Selection Procedures developed by the
Equal Employment Opportunity Commission (EEOC)
and other federal agencies. Federal law prohibits in-
tentional discrimination, but by applying disparate im-
pact analysis the courts can prohibit the use of certain
tests and award damages to rejected applicants even
without evidence of intentional discrimination.

Disparate impact analysis begins with the kind of
group comparisons that were shown in the Larry P
case. Disparate or adverse impact is the legal term for a
disproportionate representation of a protected group,
such as blacks, among persons who are rejected for a
job. The EEOC guidelines use the “four-fifths” rule. If
the proportion of minority applicants accepted for a
job is less than four-fifths of the proportion of whites,
then an initial presumption is raised that the selection
criteria used were discriminatory. Complainants must

try to identify which particular selection practices
cause the adverse impact. For example, to challenge
the use of an intelligence test to screen applicants, the
complainant must demonstrate that minorities fall in
disproportionate numbers below the cut-off score
used to select employees.

To rebut the presumption of unlawful discrimina-
tion, the employer must show that the test is related
to the position being filled and is “consistent with
business necessity.” Just what this means will be de-
termined by courts interpreting the statute in the
years ahead, but the EEOC guidelines provide some
help. They contain technical advice on how to design
validation studies and the kinds of findings needed to
support use of a test. The relationship between the test
and a measure of job performance should be statisti-
cally significant at normal levels of confidence. Where
adverse impact is severe, employers must be sure that
differences in test scores reflect real differences in job
performance and that the test predicts fairly for all
groups. Finally, if several selection procedures are
equally related to the job, employers must use the one
with the least disparate impact.

Thus the law of employment discrimination clearly
permits a utilitarian approach; employers can hire the
most intelligent employees they can find, regardless of
race, as long as they can prove that intelligence is sig-
nificantly related to performance on the job. Nonethe-
less, the law does not require this approach. Employers
may hire randomly or give preference to applicants
from disadvantaged backgrounds or use whatever sys-
tem they like as long as it does not result in an adverse
impact on a protected group.

INTELLIGENCE AND RESPONSIBILITY

Just as courts have held that superior intelligence
does not entitle a person to special rights, they have
maintained also that inferior intelligence does not nec-
essarily relieve a person of rights or responsibilities.
Intelligence is one of the factors that courts consider
when assessing a person’s legal competence, for ex-
ample, to stand trial, or refuse medical treatment, or
make other decisions that require informed and ra-
tional decision making. Intelligence may be considered
in decisions about acquittal under the so-called insan-
ity defense. In severe cases, mental retardation can be
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the major or even determining factor, but in milder
cases it is only one factor among many that judges and
juries consider. Courts have rarely held that intelli-
gence as measured by intelligence tests is sufficient to
make categorical judgments about a person’s rights or
responsibilities.

This fact was vividly illustrated in the Supreme
Court case of Penry v. Lynaugh, 492 U.S. 302 (1989).
Penry was a 22-year-old man with an IQ of 50-63. He
was convicted of brutally beating, raping, and killing a
Texas woman. At sentencing, the jury was not told
that Penry’s retardation could mitigate his sentence.
Because they found that he had acted deliberately and
was a continued threat to society, Texas law mandated
the death penalty.

Penry’s lawyer argued that his retardation made the
death sentence cruel and unusual punishment. The Su-
preme Court agreed that the jury should be told to
consider that evidence. The Supreme Court did not
agree, however, that mental retardation, per se, made
the death penalty inappropriate (although some state
courts and legislatures have decided otherwise). The
court concluded that persons of similar intelligence
can vary greatly in their cognitive and moral capacities
and in their life experiences and that a person’s total
character, not intelligence alone, must be considered.

Legal issues in the use of intelligence tests are
closely tied to questions about the measurement of
intelligence, mental disabilities, nature/nurture debate,
retardation and validity.

(See also: AFRICAN AMERICANS; HISPANICS; RACE AND IQ
SCORES. )
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LOCALIZATION OF BRAIN FUNCTION
Localization refers to the theory that specific cognitive
functions (e.g., linguistic ability, memory) are associ-
ated with distinct regions of the brain. Paul Broca’s
identification of an area associated with expressive lan-
guage function in 1861 initiated the careful study of
brain-behavior relationships. Since that time, numer-
ous theories about the nature and extent of localization
have beén proposed. Although some scientists have ar-
gued against the notion of specialized functional areas
within the brain, more contemporary studies assumne
some type or degree of localization. The current view
of the localization of cognitive functions holds that
overt or covert complex psychological activity and its
resulting behavior result from the interaction of dif-
ferent brain regions, each of which primarily controls
a particular cognitive function. This does not imply
that a specific function is mediated exclusively by one
brain area but suggests that most functions require the
integrated action of neural systems in different spe-
cialized regions. The development of localized systems
in the brain is not unique to humans and is believed
to have evolutionary advantages. Studies have shown
that evolutionary development is associated with a
greater degree of functional localization and hence
greater adaptability of the organism to its environ-
ment.

This article will examine the evidence that certain
functional systems are localized in specific areas of the
brain. It will first discuss what is called laterality, or
hemispheric specialization, the division of cognitive func-
tion between the two hemispheres of the brain, with
the left hemisphere primarily controlling certain broad
groups of functions and the right hemisphere primarily
controlling other broad groups. Next it will discuss the
localization of specific cognitive functions in the fron-
tal, parietal, occipital, and temporal lobes (see figure
1). In general, the majority of this evidence is gained
from the careful behavioral study of “accidents of na-
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ture,” such as strokes or brain tumors, which may
damage specific brain regions. Data on hemispheric
lateralization in the vast majority of right-handed
individuals is highly suggestive of a verbal (left
hemisphere) versus visuospatial (right hemisphere) di-
chotomy. The evidence of lateralization of function in
left-handed individuals is less clear in light of the fact
that approximately 30 percent have language in either
the rigbt hemisphere or in both hemispheres. Evidence
that the left and right cerebral hemispheres are critical
in mediating language and visuospatial ability, respec-
tively, has been repeatedly demonstrated in studies of
brain-injured patients. Intellectual assessment of brain-
injured patients has shown that patients with right
hemisphere damage perform more poorly on visuospa-
tial tasks (such as a three-dimensional construction
task) than on verbal tasks. The pattern of performance
is less clear with left-hemisphere—damaged patients.
However, the verbal-visuospatial dichotomy has
been criticized as failing to account for the right hemi-
sphere role in language as well as the left hemisphere
role in understanding music. Some have offered an an-
alytic versus holistic dichotomy. Others have suggested
that the left hemisphere processes information sequen-
tially, whereas the right hemisphere processes infor-
mation simultaneously. In light of these findings, many

clinicians and researchers now view the left-right
hemisphere dichotomy in terms of a verbal and ana-
lytic ability versus spatial and holistic ability dichot-
omy.

In many ways, the importance of the frontal lobes
to human behavior cannot be understated. There is
perhaps no other structure in the brain that, when
damaged, is associated, as are the frontal lobes, with a
wider range of behavioral deficits. Among the myriad
functions, the frontal lobes appear to subserve super-
ordinate or “executive” functions, such as intellectual
synthesis and the control of ethical behavior. Compar-
ative neuroanatomic studies demonstrate a progressive
increase in the size of the frontal lobes among mam-
mals culminating with the human species (24 to 33
percent of the cortex, or outer covering of the brain).
One area of the frontal lobe which has shown the
greatest comparative development in the human is the
prefrontal cortex. In addition, studies of the evolution
of organisms show that it is the last area of the brain
to develop, suggesting a unique evolutionary status.
With the exception of the precentral gyrus, function
is not easily localized in the frontal lobes. Nevertheless,
the behavioral effects of lesions in the frontal lobe are
relatively consistent. The following discussion will fo-
cus on the effects of lesions to the precentral gyrus,
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lateral premotor, and supplementary motor areas, Bro-
ca’s area, and the prefrontal area. The precentral gyrus
is primarily concerned with controlling movement of
body parts on the opposite side of the body. It is or-
ganized in such way that differential space is allocated
to functionally important body parts. Direct electrical
stimulation of this “motor strip” produces simple mo-
tor movements. Destructive lesions in the precentral
gyrus produce weakness or paralysis.

The lateral premotor and supplementary motor areas
are concerned with the planning, integration, and re-
finement of complex motor acts. Direct electrical
stimulation produces complex motor movements. De-
structive lesions to the supplementary motor and lat-
eral premotor area impair the ability to develop an
appropriate strategy for movement and impair the
smooth integration of complex acts, respectively. As a
result, patients with destructive lesions exhibit apraxia,
a disorder characterized by an inability to accurately
perform complex motor movements, although they
may be able to perform simple motor movements and
show no lack of strength or sensory loss.

The posterior inferior (or lower back) surface of the
left frontal lobe (Broca’s area) is specialized for produc-
ing the motor programs for speech. Patients with dam-
age to this area speak with long pauses between words
and exhibit grammatical processing deficits in speech.
These patients typically omit conjunctions and pro-
nouns. Some researchers have also proposed that Bro-
ca’s area may be critical in usage and retrieval of verbs.
There is also some evidence that patients with corre-
sponding right frontal lobe lesions display speech that
is lacking in emotional tone (motor aprosodia).

The prefrontal area has extensive connections to
other areas of the brain. Because these connections
exist, this area is believed to function as an executive
control center, which regulates activity and corrects
mistakes by means of an elaborate system of feedback
circuits. A disruption in this system produces an array
of behavioral disturbances related to the organization
and regulation of complex behavioral sequences. In
general, prefrontal lesions tend to result in difhculty
in directing attention, developing alternative problem-
solving strategies, and using information to regulate
behavior. Such patients demonstrate an inability to in-
hibit behavioral responses or exhibit a tendency to ex-
hibit repeatedly the same response to varied stimuli

(perseveration). In addition, prefrontal lesions are asso-
ciated with deficits in retaining and manipulating in-
formation in memory (working memory). Although
patients with prefrontal lesions do not typically exhibit
decline on intellectual measures, lesions to the pre-
frontal area are associated with a consistent pattern of
deficit based on the general asymmetrical organization
of the brain. Patients with lesions in the left prefrontal
area show deficits in planning and organizing verbal
responses. Patients with lesions to the right prefrontal
area show deficits in planning and organizing nonver-
bal or spatial responses. Left-right differences have
also been reported in regard to the regulation of var-
ious emotional reactions. Left prefrontal lesions are as-
sociated with depression, whereas right prefrontal
lesions are associated with mild euphoria. Other per-
sonality changes related to the control of certain mo-
tor functions have also been observed. Patients with
bilateral medial frontal lesions (refers to areas in the
middle of both frontal lobes) may be slow and lethar-
gic, and exhibit a lack of initiative and spontaneity.
Patients with orbital (above the eyes) or lateral (the
side area) convexity pathology tend to be restless, hy-
perkinetic, explosive, and impulsive. Finally, patients
with bilateral mesial (or middle) orbital area damage
frequently exhibit false or bizarre responses to routine
questions (confabulation).

Before discussing the behavioral effects of lesions to
the parietal, temporal, and occipital lobes, an under-
standing of the primary, secondary, and tertiary zones
found within these regions is required. Primary asso-
ciation areas or zones receive high modality-specific
(e.g., visual, auditory, and somatosensory or touch) in-
formation and are topographically arranged on the
cortex. Secondary association zones, which are adja-
cent to the primary association areas, are where mo-
dality-specific information becomes integrated into
meaningful wholes. Therefore, primary association
areas are concerned with sensation, while secondary
zones are concerned with perception. Tertiary associ-
ation areas or zones are not modality-specific but serve
to integrate information across sense modalities. These
zones typically lie at the borders of the parietal, tem-
poral, and occipital lobes.

The parietal lobe is a functionally complex area of
brain associated with somatosensory perception or
touch, body awareness, spatial localization, verbal
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comprehension, and information processing. The post-
central gyrus is composed of regions specialized for
primary tactile sensation such as light touch, deep
pressure, joint movement, and temperature. Somato-
topic maps (maps of touch sensitivity developed via
direct electrical stimulation of the brain) show that the
subjective experience of sensitivity in different parts of
the body is disproportionate to the body surface. For
example, the lips, tongue, and hands, which are the
most sensitive parts of the body, occupy more cortical
area within the postcentral gyrus than the rest of the
body. Lesions to the postcentral gyrus result in an im-
mediate loss of all sensory modalities on the opposite
side of the body. Lesions to the secondary somatosen-
sory cortex, located in the upper part of the parietal
lobe (superior parietal lobule), result in an inability to
identify objects by feel as well as a loss of weight,
texture, and form discrimination.

Lesions to the tertiary association areas of the pa-
rietal lobes result in a consistent pattern of deficit
based on the general asymmetrical organization of the
brain. Lesions to the right parietal tertiary association
area often result in impairments of visuospatial and
constructional ability. Such deficits result in an inabil-
ity to construct or assemble objects from their con-
stituent parts (constructional apraxia). One common
finding is an inability to dress oneself (dressing apraxia).
In addition, right parietal lobe lesions often result in
disturbances of body image. Such patients often ne-
glect visual, auditory, and somatosensory stimulation
on the left side of their body and of space (contralateral
neglect), deny paralysis of the left side of their body
(anosagnosia), or appear mildly unconcerned about it
(anosodiaphoria). Damage to the parietal-occipital area
may result in an inability to recognize faces (propsag-
nosia) or an inability to form or recognize spatial rela-
tionships. Lesions to the right parietal-temporal areas
have been associated with an inability to appreciate or
recognize familiar musical tunes (amusia).

In contrast, lesions to the left parietal lobe typically
are associated with a variety of impairments in under-
standing language. For example, lesions to the parietal-
occipital area are associated with difficulties or an
inability in comprehending written information (dys-
lexia and alexia, respectively). In addition, an inability
to comprehend spoken language has been associated
with lesions to the parietal-temporal zone. Patients

with left parietal lobe lesions also exhibit an inability
to execute or recall a purposeful activity upon com-
mand, but may do so spontaneously in the course of
normal activity (ideomotor apraxia). In addition, these
patients are usually unable to imitate specific actions.
Some have theorized that the memories for skilled ac-
tions are stored in the left parietal lobe. Left parietal
lobe lesions may also produce writing disabilities
(agraphia), calculation difficulties (acalculia), left-right
confusion, an inability to discriminate fingers without
visual cues (finger agnosia), and an inability to localize
and name parts of one’s own body (autotopagnosia).

The occipital lobes are specialized for the process-
ing of visual information. The primary visual cortex
resides at the back or most posterior part of the oc-
cipital lobe and borders the calcarine fissure. The cen-
tral portion of the visual field is disproportionately
represented relative to the surface area of the retina
and accounts for one-third of the visual cortex. De-
structive lesions to the visual cortex produce areas of
visual loss commensurate with the size and location of
the lesion. The secondary visual association area is pri-
marily concerned with visual perception. Bilateral le-
sions below the calcarine fissure produce a loss of color
perception (achromatopsia) and the inability to imagine
color.

The tertiary association area has extensive connec-
tions with the other regions of the cerebral hemi-
spheres. The role of the tertiary association cortex
includes the relating of present and past visual expe-
rience, with recognition of what is seen and the ap-
preciation of its significance. A destructive lesion
results in the inability to recognize the significance of
sensory stimuli (visual agnosia). Bilateral lesions of the
upper or superior region of the tertiary association
cortex result in visual disorientation, loss of coordi-
nation of eye movements, and an inability to carry out
visually guided movements of the hands. Bilateral le-
sions of the lower or inferior region of the temporal
and occipital lobes produce impaired recognition of
familiar faces (prosopagnosia). Direct electrical stimula-
tion of this area of the brain produces vivid halluci-
nations of scenes from the past, which suggests a role
in the storage and retrieval of visual memories.

Lesions to occipital lobes are associated with a con-
sistent pattern of deficit based on the general left-right
asymmetrical organization of the brain. As mentioned
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earlier, right parietal-occipital lobe damage is associ-
ated with a disruption of spatial-perceptual orienta-
tion of visual stimuli and spatial neglect or inattention
to the side of the body opposite (or contralateral) to
the location of the lesion in the brain. Left occipital-
temporal lesions produce deficits such as dyslexia
which are related to the visual processing of symbolic
information. Finally, bilateral parieto-occipital lobe le-
sions are associated with Balint’s syndrome, which in-
volves difficulty voluntarily shifting visual attention,
peripheral visual inattention, and an inability to local-
ize objects in space by visual guidance. A patient with
Balint’s syndrome may pour water from a pitcher next
to a glass instead of into it.

The temporal lobes, which contain the primary as-
sociation cortex for both hearing and smell, play a sig-
nificant role in language function, memory, and visual
perception, and form part of the anatomical substrate
(with the limbic system) for the integration of the
emotional and motivational aspects of human experi-
ence as well as consciousness. The primary auditory
cortex is located at the junction of the frontal, parietal,
and temporal lobes. There is a direct point-to-point
projection of sound from the receptor (the cochlea of
the ear) to the auditory cortex. Irritative lesions pro-
duce auditory hallucinations, such as ringing or buzz-
ing sounds. The primary olfactory cortex is located in
a region known as the uncus and adjoining parts of
another area known as the parahippocampal gyrus. Irri-
tative lesions produce olfactory hallucinations. Dam-
age to the olfactory cortex results in a loss of the sense
of smell (anosmia).

The left superior temporal gyrus (Wernicke’s area) is
associated with the comprehension of speech. Patients
with lesions to Wernicke’s area are unable to compre-
hend and repeat speech due to damage to the superior
temporal gyrus. Their speech is fluent although inco-
herent because the intact Broca’s area is receiving in-
adequate feedback from Wernicke’s area. Left-right
differences have been observed with lesions to the left
superior temporal lobe. Just as left superior temporal
lobe lesions are associated with verbal comprehension
difficulties, right superior temporal lobe lesions are as-
sociated with difficulties interpreting the affective
components of language (sensory aprosodia). This model
of language function was later modified to include a
role for the left angular gyrus, which is involved in the

activation of visual letter or word patterns when one
is spelling or reading words. However, this model has
been criticized for failing to account for the role of
subcortical structures in language and the fact that
surgical destruction of the language zones rarely results
in permanent language loss. Recent research has pro-
posed that the superior portion of the left temporal
lobe, structures located below the cortex known as the
basal ganglia, and the inferior portion of the left frontal
lobe are associated with the implementation of word
forms and sentence structure. In addition, the parietal-
temporal-occipital association area and the inferior
temporal lobe is associated with the retrieval and usage
of nouns. In addition, right temporal lobe lesions have
been associated with visual perceptual deficits in the
discrimination of complex patterns, deficits in facial
perception and recognition, and the failure to appre-
ciate the significance of the visual stimuli.

The role of the temporal lobes in memory was not
discovered until the early 1950s, after several patients
with epilepsy underwent bilateral removal of the me-
dial temporal lobes. Subsequent to surgery, these pa-
tients showed an inability to form new long-term
memories, but exhibited no immediate and remote
memory problems. It has since been hypothesized that
a region of these lobes (hippocampus) is the neurologic
substrate for the laying down of information into long-
term memory. Left temporal lobe lesions are associ-
ated with greater verbal memory impairment, whereas
right temporal lobe lesions are associated with greater
nonverbal memory impairment. Although memory
and learning are not localized within the brain, a num-
ber of subcortical areas have been implicated in ac-
quisition and retention of knowledge. For example,
lesions to the regions of the brain called the dienceph-
alon, basal forebrain, prefrontal cortex, and basal ganglia,
speciﬁcally, the caudate nucleus and substantia nigra, have
also been associated with memory or learning deficits.
In all cases, impairment is found on measures of ex-
plicit memory (i.e., memory for facts and events) with
little or no impairment on measures of implicit mem-
ory (i.e., forms of learning that do not utilize conscious
participation but do require the association of simul-
taneous stimuli).

The role of the temporal lobes in emotion, percep-
tion, and consciousness has been obtained through
studies of patients with temporal lobe epilepsy, specif-
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ically, complex partial seizure disorder. Such patients
will frequently experience a disorientation of time and
space, an altered perception of themselves and/or their
environment, and abnormal emotional states. Finally,
bilateral destruction of the temporal lobes produces
Kluver-Bucy syndrome, which is characterized by an in-
ability to form new memories, heightened sexual in-
terest and behavior, emotional instability, and a
tendency to put all manner of objects into one’s
mouth.

As indicated earlier, most functions require the in-
tegrated action of the neural systems in different spe-
cialized regions. An example of such an interaction
between systems is a patient with lesions (usually due
to a stroke) to the left occipital lobe and the fibers that
connect the cerebral hemispheres (splenium of the
corpus callosum). Such a patient is unable to read but
retains the ability to write (alexia without agraphia).
The patient’s inability to read is not entirely under-
stood but is proposed to occur because the left pos-
terior language area (angular gyrus) is disconnected
from the left and right visual association corticies.
However, the patient retains the ability to write be-
cause of the intact left posterior language area.

Finally, an important caveat is necessary for a truer
understanding of localization of function in the human
brain. The functions and deficits described above are
generalizations of brain-behavior relationships based
largely on a study of patients with cerebral dysfunc-
tion. As a result, such generalizations should not be
taken as absolute truths. The fact that a specific deficit
is associated with damage to a particular area of the
brain does not imply that that area regulates the dis-
rupted function. Many variables besides neuroanatom-
ical site of lesion are important in determining the final
expression of cognitive and behavioral deficits. Finally,
confirmation is required from the study of normal
brain function before definitive conclusions are made
regarding the functional localization of behavior.

(See also: AGNOSIA; BRAIN; BRAIN, PATHOLOGIES OF THE.)
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LURIA, A. R. (1902-1977) Aleksandr Ro-
manovich Luria, who is regarded as one of the found-
ers of neuropsychology, attempted to relate mind,
brain, and behavior. Although Luria admitted that the
brain—the highest human organ—works as a whole,
he showed in his clinical research that it has differen-
tiated functions. Because Luria identified the separate
functional organizations of the cortex with major cog-
nitive functions, his view of intelligence can be labeled
multiple, but interdependent cognitive activities. For him,
there was no duality between mental functions and
their structural base.
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Luria was born in Kazan, Russia, on July 16, 1902,
and died in Moscow on August 14, 1977. Both his
mother and his father were physicians. Having been
denied hospital and faculty privileges because of his
Jewish extraction, Luria’s father practiced medicine in
Kazan but was given the recognition he deserved soon
after the Russian revolution. He became a deputy di-
rector of the Institute for Advanced Medical Studies
in Moscow. A. R. Luria learned German as a child at
home and was familiar with nineteenth-century Ger-
man writings in philosophy, history, and literature. His
school and university education began in Kazan. He
studied at the university both in the faculty of history
and philosophy and in the medical school. He earned
a doctorate in psychological sciences and, later, a doc-
torate in medicine at Moscow’s Institute of Medicine.
His knowledge and interest in medicine must have
given him an unusual advantage to study neurological
impairment and, later, to continue his research in neu-
ropsychology at the Bourdenko Neurosurgical Institute

in Moscow.

ASSOCIATION WITH VYGOTSKY

Higher mental activities not only include language
ability but are essentially defined by it. The ability to
use language with meaning is essential for intellectual
development. The loss of this ability is seen in APHASIA.
A study of language ability became one of Luria’s ma-
jor preoccupations as he and his friend Alexie Leontiev
started associating with Lev vYGOTsKY. Luria was 22
when he met Vygotsky. Although Vygotsky was only
six years older than Luria, he was readily acknowl-
edged as the leader, and the three, the “troika,” shaped
the course of Soviet psychology. Luria, Vygotsky, and
Leontiev were developmentalists concerned with chil-
dren’s learning and development. In his first well-
known book, The nature of human conflicts, Luria (1932)
set out to study the role of speech in “the organization,
regulation and control of man’s voluntary movements
and affective experiences,” an endeavor that continued
for many years and appeared in a later publication (Lu-
ria, 1959). Vygotsky’s initial research and writings on
thought and language provided Luria and Leontiev
with an orientation for studying internalization of
speech, and the mediation of peers and adults that was
necessary in the intellectual development of children.

Children’s actions and speech are at first separate.
Speech provides an energizing role. The experimenter
saying “Press!” initiates child’s key-pressing activity
simply because of its energy; a loud “Press!” brings
about a harder and faster key—pressing response. Then
external speech initiates an activity but is unable to
stop it. The child at this stage often repeats the exter-
nal instruction, “Don’t Press!” while engaged in key-
pressing. The next stage occurs when speech can
initiate as well as inhibit action. By this stage children
have begun to internalize the external instruction of
the experimenter. Sometimes they remind themselves
of the instruction, talking to themselves. Children ac-
quire language or the meaning of signs through work
and experience. Like all higher cognitive activities, lan-

- guage has sociocultural roots.

Although Luria’s views on language and internal
speech are the same as Vygotsky’s, he advanced and
elaborated the role of speech much more. An example
of his progress is his research on aphasia. Referring to
Luria’s 1947 book on traumatic aphasia (in Russian),
R. Jakobson (1971), himself a renowned aphasiologist, .
accepts the six different types of aphasia identified by
Luria and credits him with helping to remove the
chaos in the field. Dissolution of the regulatory func-
tion of speech, inability to understand logical-gram-
matical relationships such as father’s brother and
brother’s father, and aphasia related to either simul-
taneous or successive linguistic forms that Luria dis-
covered in clinical practice, have their roots in the
development of speech. Luria’s approach to studying
the role of speech nevertheless retained Vygotsky’s in-
fluence—higher cognitive functions are to be analyzed
first in terms of their development in a sociohistorical
context and subsequently their dissolution because of
neurological impairment.

FUNCTIONAL ORGANIZATION
OF THE BRAIN AND ASSOCIATED
COGNITIVE FUNCTIONS

Luria’s work on brain-damaged patients became
important for the Soviet government during World
War I, both for diagnosis of the abilities and disabili-
ties of the injured persons as well as for their rehabil-
itation. Never shy of putting his medical training and
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psvchological knowledge to use, especially relating to
speech and other cognitive abilities, Luria devoted
himself to relating behavior to brain damage. System-
atic clinical observations enabled him to do “syndrome
analvsis,” to identify a cluster of cognitive dysfunctions
broadly located in the occipital-parietal (simultaneous
processing), fronto-temporal (successive processing),
and frontal (planning and decision-making) areas of
the cortex as well as the arousal disorders resulting
from damage to the brain stem (Luria, 1970). Devel-
opmentally, simultaneous and successive processing
can be observed in young children, in their figure
drawings, design constructions, and categorization of
objects (simultaneous), and in repetition of sequential
movements or words, and appreciation of syntax (suc-
cessive). Children’s language reveals that successive
processes develop earlier than simultaneous ones; syn-
tagmatic associations (the moon shines, the dog barks)
appear earlier than paradigmatic associations (moon—
sun, dog—cat). Reflecting on his early work, Luria
wrote (1974):

Now, after 40 years 1 understand my early findings that
in children of 6-7 years, syntagmatic connections (such
as the moon—shines, the spade—works) are much more
common than paradigmatic (or associative) connections
(such as the moon—the sun; the dog—the cat, etc.), and that
associations (by similarity or common features) are not
at all basic speech processes, but rather a product of

further development of the simultaneous schemes.

Apart from the two coding processes, simultaneous
and successive, are two others: arousal-attention and
planning. Present at birth in orienting responses,
arousal is soon inseparable from attention. Planning
and decision making seem to develop later, with the
development of speech and the ability to regulate ac-
tions through internal speech. Whether this view is
acceptable to developmental psychologists does not
detract from associating planning with the develop-
ment of frontal lobe functions. The acronym CNS,
which usually denotes the central nervous system, was
seriously considered by Luria to indicate the concep-
tual nervous system. A dynamic rather than a static
anatomical view of brain functions led him to provide
a new epistemology. His ultimate aim was to study
consciousness through discovering the functions of the
frontal lobes, which incidentally seems to be one of

the preoccupations of current neuropsychology. In
1969 he wrote: “The Human Brain not only recodes
the sensory information, turning it into a system of
concepts, but establishes human plans and programs
and forms a conscious control of human actions. It is
really an organ of freedom. ... How can we come to
a scientific solution of the riddle of man’s free activity
and conscious behavior?” (p. 3). In searching for a so-
lution, Luria comes back to the role of speech and
language and its relationship to social and historical
factors. “We likewise know that the origin of the high-
est form of self-regulating behavior doesn’t lie in the
depths of the organism.... We have to turn to the
complex forms of a child’s relations with its social en-
vironment and to its acquisition of language” (p. 19).
Luria was envious of the young researchers who would
make new discoveries about human consciousness as
technology and knowledge progressed.

Luria’s influence in conceptualizing intelligence can
be seen in contemporary psychology (Das, 1992; Das,
Naglieri, & Kirby, 1994). Based on both neuropsy-
chology and cognitive psychology, the major cognitive
functions he identified can be recognized in factor
analysis of test performance of normal individuals; the
factor-analytic results support his syndrome analysis.
Luria’s comments in response to the paper by Das and
colleagues (1975) are instructive: “Up to now the ap-
proach from this point of view [simultaneous and suc-
cessive synthesis] showed its reliability and validity in
the studies of neuropsychological syndromes; now it
was shown that in a direct approach with factor anal-
ysis these ideas are of a certain value” [Luria, 1975].

Luria’s ideas have been helpful in understand-
ing cognitive deficits of mentally retarded children
(O’Connor & Hermelin, 1963) and the core deficit in
dyslexic children that seems to link phonological cod-
ing to successive processing (Das, 1992). An attempt
at constructing a psychometric test of simultaneous
and successive processing (Kaufman & Kaufman, 1983)
has received mixed reviews. The extension of Luria’s
neuropsychological findings to the area of intelligence
can be questioned, as is the case with other contem-
porary theories. The findings themselves, however,
have been useful in understanding neurological dis-
orders and have guided rehabilitation after brain in-
jury (Luria, 1963). His neuropsychological caseworks,
spanning fifty years of his life, led him to develop a
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unique view of mental functions that is relevant for
viewing mind-brain relationships: Even the elemen-
tary functions of the brain are not only biological but
are also shaped by an individual’s social and cultural
experience.

Beyond doubt, Luria is the best known and most
frequently cited Russian psychologist in Western psy-
chology. His influence in Europe and in the United
States has spread not only through his insightful and
extensive publications but also through his many in-
ternational friends and students. He remained produc-
tive under Josef Stalin, did not slow down when
removed for a few years from the Neurosurgical Insti-
tute to the Institute of Defectology in 1950, retained
his optimism, and worked very hard until his death
following a heart attack.

(See also: NEUROPSYCHOLOGY, CLINICAL.)
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designed originally to segregate students rather than

Intelligence tests were

to integrate them. At the turn of the twentieth cen-
tury, public school education was burgeoning in
France. Increasing as well was the poor performance
of many students. The Minister of Public Education
commissioned Alfred BINET to devise a system to dif-
ferentiate between capable and incapable learners. Stu-
dents in the second category required a “special-
education” approach. Working with colleagues, Binet
developed a lengthy series of short, everyday tasks to
test an individual’s basic processes of reasoning. The
ascending difficulty level of the tasks caused some chil-
dren to fail and to terminate the test. Students who
did not perform as well were segregated, and the de-
velopment of a two-track system of education, regular
and special, with close ties to psychometric assess-
ment, began.

The use of tests for intelligence quotient (IQ) to
determine both different learning abilities and the ap-
propriate educational placement for students contin-
ues. Tests for IQ have become controversial, however,
particularly in the following two major areas: (1) the
assessment and differentiation of students according to
intellectual ability, and (2) the assessment of students
in terms of degree of intellectual ability. Sociodemo-
graphic factors such as race, ethnicity, language, and
sex complicate the determination of intellectual ability.

These considerations have brought IQ tests into the
courtroom. For many students, whether they remain
in the mainstream of education or are segregated for
special education depends on the assessment of IQ
tests.

CONFUSION OF TERMINOLOGY

J. Rogers (1993) points out that part of the contro-
versy results from the use of different terms. Three
designations have gained popularity. The term main-
streaming often refers to placement of an academically
challenged student in a regular classroom for part of a
school day or for selected subjects. Integration also car-
ries this meaning. In addition, both terms may indicate
full-time placement in a regular classroom. Main-
streaming or integration most often occurs in a cen-
trally designated school with segregated special classes
and specially trained teachers. Two more recent terms
are inclusion or full inclusion, indicating full-time regular
class placement with age-appropriate peers in the in-
dividual’s neighborhood school regardless of learning
ability. The term regular education initiative (REI) refers
in the United States to the movement toward full in-
clusion of mildly challenged students (Ysseldyke, Al-
gozzine, & Thurlow, 1992). Because these various
terms have not been defined in relation to education
laws such as PL 94-142 in the United States or Bill
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82 in Ontario, Canada, no common definitive termi-
nology exists.

DESIRABLE CHARACTERISTICS
OF 1Q TESTS

Since Binet’s research, 1Q tests have proliferated
and taken a variety of forms though continuing for the
most part to pose a series of short, diverse tasks that
probe basic reasoning processes. In 1976 N. Robinson
and H. Robinson stated the prevailing view of educa-
tional psychologists and educators: “When properly
understood and carefully used, an IQ test can be valu-
able in assessing a child’s rate of progress” (p. 343).
This opinion derives from the belief that a well-con-
structed test of intelligence results in an objective, ac-
curate reading of intellectual ability. Characteristic of
such a test are the following factors:

1. Validity. The test measures only what it is supposed
to test with sufficient breadth and depth.

2. Reliability. Repeated testings with the same or sim-
ilar instruments will obtain nearly uniform results.

3. A single score. It provides a simple, relatively fixed
index of intellectual ability.

4. Questions formulated to elicit interpretable re-
sponses. These replies reveal patterns of reasoning
that indicate the level of ability and lead to sugges-
tions for incisive teaching strategies.

TABLE 1

IQ TESTS AND LABELING

As noted by educators such as J. Andrews and J.
Lupart (1993) and W. L. Heward and M. D. Orlansky
(1992), 1Q tests generally provide fairly accurate pre-
dictions of school failure by students with apparent
intellectual challenges. An IQ index indicates the se-
verity of challenge and the terminology that describes
the condition of the challenge. The terminology-and-
severity combination contributes to an educational de-
cision to “mainstream” or segregate a particular stu-
dent. Table 1 illustrates the condition of mental
retardation with traditional terminology.

Conversely, 1Q testing identifies intellectually ad-
vantaged students. The label gified applies to some of
these students, who are placed in segregated “gifted”
classes. No uniform criteria for the distinction “gifted”
exist. In general, a score in the 135 range is necessary,
and although other criteria (grades, interviews, and
achievement tests) have a place in most identification
schemata, the IQ score prevails. Few students are la-
beled “gifted” without an intellectual assessment.

That IQ tests can differentiate students accurately
has been the dominant perception of society from the
turn of the twentieth century. Tests have contributed
strongly to educational placement and teaching deci-
sions. The IQ test has become a fundamental tool for
understanding the learning capacities and abilities of
students who did not fit well into what was considered

Relationship among IQ level, descriptive terminology, and

educational placement

Severity
af Mental Educational

1Q Range Retardation Terminology Educational Placement

50 to 75 mild educable public school special
class with part-time
mainstreaming

40 to 55 moderate trainable public school full-time
special class or
special school

25 to 40 severe custodial at home or in an
institution

below 25 profound custodial at home or in an

institution
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“average.” The tests routinely separate nonaverage
from other learners in accordance with the prevailing
educational view that segregation into special classes
leads to more efficient and effective education.

CONCERNS REGARDING
THE RELATIONSHIP OF 1Q TESTS
AND INTEGRATION

Not all educators agree that tests of intelligence,
even when well constructed, possess the strengths at-
tributed to them by their designers and advocates.
Their contribution to decisions for educational place-
ment is one controversial area. The debate over IQ
tests covers four primary issues. All relate to the seg-
regation of students from the mainstream of regular
education. These issues are race, mental retardation,
learning disability, and inclusive education.

Race. The issue of race arose because of the dis-
proportionate number of black students in the United
States in classes for children labeled mentally retarded.
Rogers Elliott (1987) noted the heavy overrepresen-
tation of black students in classes for students labeled
educationally mentally retarded (EMR) relative to the
overall number of blacks in the American population.
Some critics of the disproportionate representation at-
tributed it to the use of 1Q tests that were culturally
biased against blacks. Elliott reviewed two celebrated
legal cases. In the 1972 case, Larry P v. Riles, Judge
R. E Peckham (1972, 1979) ruled in a preliminary
injunction that “intelligence tests are discriminatory
towards blacks and can no longer be used for educa-
tional placement in California.” A permanent injunc-
tion was issued in 1979 and reaffirmed in 1984.

Elliott (1987) summarized Judge Peckham’s reasoning as
follows: Black children would score higher if they had
better opportunities to learn, but they don’t have such
opportunities. Their low scores are wrongly interpreted
to say something about their innate ability. A culturally
fair test would show their ability to learn to be as high
as that of whites [p. 14].

The second influential case had the opposite ver-
dict. In PASE (Parents in Action on Special Education) v.
Hannon '(Grady, 1980), Judge J. Grady rejected the
claims of nonvalidity and nonreliability of IQ tests in
reference to black students. He agreed that blacks

were overrepresented in EMR classes but not that IQ
tests were responsible. Other factors, such as teachers’
ratings of students, should be taken into consideration.
Indeed, expert witnesses argued that 1Q tests pre-
vented some students from being placed incorrectly in
EMR classes.

In part because of these conflicting legal Fmdings,
educators and psychologists use information from 1Q
tests with caution and in conjunction with other forms
of intellectual assessment, such as parent and teacher
nomination. Some psychologists, such as those belong-
ing to the Association of Black Psychologists, however,
support parents who “have chosen to defend their
rights by refusing to allow their children and them-
selves to be subjected to achievement, intelligence, ap-
titude, and performance tests” that they believe to be
inimicable to their interests specifically because they
“place Black children in ‘special’ classes and schools”
(Williams cited in Elliott, 1987).

Mental Retardation.
directly affected by IQ tests are those designated as

Perhaps the persons most

menta]l/v retarded, developmental]y dela)/ed, or intellectually
challenged. As Robinson and Robinson wrote in 1976:

“Nowhere has the 1Q proved to be a more mixed bless-
ing than in matters concerning the welfare of mentally
retarded children. . . . The apparent simplicity of the IQ
led to an enthusiastic but largely misguided movement
to label or classify children primarily on the basis of their

scores on the intelligence tests” [p. 343].

Scores and classification led many to segregated edu-
cational or institutional placement (see Table 1).

J. Sattler (1988) and others have warned agains-t the
use of a single score as a determination of functional
ability. In the 1970s, because of recognized limitations
in focusing on the intellectual component, the Amer-
ican Association on Mental Deficiency altered its def-
inition of mental retardation to include deficits in
adaptive behavior concurrent with subaverage general
intellectual functioning (Grossman, 1973). This change
was a strong indication that scores on IQ tests alone
were insufficient criteria for placement of students in
different classes. I. M. Evans (1991) notes that “Today
.. . the legal, medical, and educational criteria for des-
ignating an individual as mentally retarded are almost
exclusively contained in obtaining a score of a certain

»»

level on an individual test of ‘general intelligence’.

685



MAINSTREAMING

Those who consider the IQ test to be objective, valid,
and reliable, and clinicians to be capable of undertak-
ing appropriate interpretation of test performance,
judge IQ tests to be beneficial. Such a view is conso-
nant with the historical perception of tests of intelli-
gence. Practical and moral criticism of the use of IQ
tests in educational placement decisions derives from
the nature of tests of intelligence, inadequately trained
clinicians, and the widespread aversion to any dynamic
that contributes to the labeling and separation of in-
dividuals.

Concern for the misuse of IQ tests is not new.
Stephen J. Gould cites Binet’s fear about educators
who regard “special education classes as ‘an excellent
opportunity for getting rid of all the children who
trouble us,” and without the true critical spirit ...
designate all who are unruly, or disinterested in the
school” (Gould, 1981). Many parents, educators, psy-
chologists, and others consider the fear of Binet well
founded in today’s practices.

The students labeled
learning disabled comprise the largest group of persons

Learning Disability.

assigned to special education since the 1960s. Learning
disability is a new, umbrella term for a variety of con-
ditions. In education, more than in psychology or
medicine, it has superseded terms such as DYSLEXIA
(difficulty with reading), pyscarcuria (difficulty with
mathematics, and ApHASIA (difficulty with language),
and other designations for specific conditions.

The all-encompassing nature of the category
“learning disability” has created difficulty in determin-
ing its characteristics. For many, however, the finding
of a “severe discrepancy between achievement and in-
tellectual ability” in one or more academic areas has
been a tell-tale sign of learning disability (Gearhart,
Mullen, & Gearhart, 1993). A major result of this belief
has been the widespread use of IQ tests in determining
educational placement. Clinicians watch for a diagnos-
tic signpost in discrepancies among various tasks. For
instance, on the Wechsler Intelligence Scale for Chil-
dren (WISC) and its revisions, the most commonly
used instrument in North America, a discrepancy
between verbally loaded subtests and performance
subtests indicates a possible learning disability. In as-
sociation with findings from other sources such as
achievement tests, the degree of discrepancy leads to

a recommendation to mainstream completely or par-
tially, or to segregate. According to Sattler (1988), re-
search has not supported the contention that patterns
on the WISC, verbal-performance discrepancy, sub-
test-score pattern, and range of scatter of scores can
distinguish the different learning abilities of children.
Nonetheless, the inclusion of an IQ test as a primary
instrument in a battery of diagnostic tests in instances
of suspected learning disability is the general rule.
Although many clinicians and educators trust 1Q
tests, others remain concerned about their validity, re-
liability, cultural bias, diagnostic strength, and the ex-
pertise of the clinician. Not all psychologists are closely
familiar with the educational process. In some educa-
tional jurisdictions 1Q tests are administered by psy-
chometrists who lack training in interpretation.
Inclusive Education. The terms inclusion and
full inclusion refer to the belief in mainstream education
for all students. Advocates for inclusion argue that spe-
cial education has not lived up to its promise of in-
creased efficiency and effectiveness of learning for
students with various learning challenges. They call for
the merger of mainstream and special education
(Stainback, Stainback, & Bunch, 1989), the redefinition
of criteria for attendance in regular classes, and the
roles of regular and special-education teachers (Bunch,
1992). They point to the vigorous movement toward
fuller integration into community life of people with
various other challenges and wish it extended to the
educational system. In the United States the tendency
toward inclusive education is apparent in the regular-
education initiative (Will, 1986), which extends past
the concept of mainstreaming to routine inclusion of
students with mild to moderate degrees of challenge.
As noted extensively by T. M. Skrtic (1991) and others,
the concept of inclusion is complex and contentious.
Advocates of inclusion question the technical merits
of intelligence tests. They believe that intellectual as-
sessment derives too much from a student’s perfor-
mance on a test and not enough from abilities in the
classroom or the home. Supporters of inclusive edu-
cation urge at least a turn away from classification and
educational placement rising from the human-pathol-
ogy theoretical framework common to psychology and
medicine. They prefer emphasis on functional evalua-
tion by teachers, parents, and others in frequent con-
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tact with a child. More radical proponents of inclusive
education deny any role for intelligence tests in edu-
cational placement. They do not believe that current
clinical practices contribute significantly to the deter-
mination of educational needs and strategies.

CONCLUSION

The value of tests of intelligence to integrate or to
segregate students with various learning abilities is a
contentious issue. According to the traditional view,
IQ tests are valid if administered proficiently and are
significant to the decision—making process. A well-con-
structed test is objective in assessment, and reliable in
obtaining closely similar scores in repeated applica-
tions. 1Q tests yield accurate individual assessments,
which lead to powerful teaching strategies. Advocates
of 1Q tests support their routine use in educational
placement.

An increasing number of psychologists, educators,
parents, legal experts, and students in special-educa-
tion classes dispute these opinions. The court system
has queried the objectivity, validity, and reliability of
IQ tests and their use in decisions to integrate or seg-
regate. The single score does not reveal the many fac-
ets of intelligence. Clinicians have no experience of the
classroom; their contributions to integration—segrega-
tion decisions and teaching strategies are questionable.
Research indicates that IQ tests cannot differentiate
conditions of challenge. This finding has implications
for the educational classification strategy. Advocates of
inclusive education see no need for instruments whose
original and, to a significant extent, continuing pur-
pose is to separate students with below-average aca-
demic progress.

Although the majority of educational authorities in
North America continue to use IQ tests, they have
other means of assessment. IQ tests are thus no longer
the dominant factor in decision making. The courts
have required some educational authorities to discon-
tinue the use of IQ tests for placement decisions.
Other educational jurisdictions have banned or limited
the use of 1Q tests. The general societal movement
toward integration of persons previously segregated
has also contributed to the questions about the validity
of IQ tests. No longer are tests of intelligence the

norm. Today their perceived value in Contributing to
educational-placement decisions is diminishing.

(See also: SCHOOLING.)
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GARY BUNCH

MATHEMATICAL ABILITY Mathematical
ability has been recognized repeatedly as a major cat-
egory of human intelligence. For example, the original
intelligence tests devised by Alfred BINET and his col-
leagues in the early 1900s included mathematical
problems, as have many of the subsequent intelligence
tests (Wolf, 1973). L. L. THURSTONE’s statistical anal-
ysis of human intelligence revealed “number,” the abil-
ity to solve computation and word problems, as one
of seven primary mental abilities. Howard Gardner’s
(1983) theory of MULTIPLE INTELLIGENCES lists logical-
mathematical intelligence as one of seven proposed
types of intelligence. Widely used standardized tests of
human intellectual ability and achievement such as the
Scholastic Aptitude Test (SAT) include quantitative
performance as a major scale.

Two ways of defining mathematical ability come,
respectively, from the psychometric and the informa-
tion-processing approaches to ability (Mayer, 1985,
1992). In the psychometric perspective, mathematical
ability is the ability to solve the problems on a math-
ematics test. For example, these problems may involve
counting objects such as 13 coins, adding single digit
numbers such as 6 + 7 = __, solving simple word
problems such as “How much do three cookies cost if
they sell for 5 cents each?” or solving equations such
as 2X = X + 2. This definition is circular because it
describes mathematical ability simply by listing the
specific problems on a test.

In the cognitive perspective, mathematical ability
refers to the cognitive processes or pieces of knowl-
edge that are needed to solve mathematical problems.
In componential analysis, a mathematical problem is
broken down into information-processing compo-
nents, which are basic cognitive processes or pieces of
knowledge that are required for solution (Resnick &
Ford, 1981; Sternberg, 1985). Thus, by asking what a
person needs to know in order to solve mathematics
problems, the information-processing approach over-
comes the limitations of the psychometric definition of
mathematical ability.

COGNITIVE ANALYSIS OF
MATHEMATICAL ABILITY

Mathematical problem solving can be analyzed into
four component processes: translating, integrating,
planning/monitoring/reviewing, and executing (Mayer,
1985, 1992). For example, each of these component
processes is required to solve a simple word problem,
such as “Mary has 1 marble. Sue has a dozen more
marbles than Mary. How many marbles does Sue
have?”

In the first two processes, the problem solver rep-
resents the problem. Translating refers to converting
each sentence or major clause of the problem into an
internal mental representation, such as converting
“Mary has 1 marble” into another form such as M =
1. This process requires linguistic knowledge (such as
knowing that marbles is the plural form of marble) and
declarative knowledge (such as knowing that there are
12 marbles in a dozen). Students have particular dif-
ficulty in translating relational sentences into equa-
tions, such as translating “There are 6 times as many
students as professors at this university” into 65 = P
(Clement, Lochhead, & Monk, 1980), but they can be
taught to improve their problem-translation skills
(Lewis, 1989; Lewis & Mayer, 1987).

Integrating refers to selecting relevant information
and building a coherent mental representation of the
situation being described. In the marble problem, the
situation is that one person (Sue) has more marbles
than another person (Mary), so that the set of Sue’s
marbles is equal to the set of Mary’s marbles plus the
difference set. This process requires schematic knowl-
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edge (knowledge of problem types), such as recogniz-
ing that the marble problem is an example of a
comparison problem consisting of one superset and
two subsets. Students have difficulty in determining
which information is relevant and which is irrelevant
in word problems, but can be taught to improve their
problem-integration skills (Low & Over, 1990).

In the last two processes, the problem solver solves
the problem. PIanning/monitoring/rew’ewing refers to de-
vising and, when necessary, revising a method for solv-
ing the problem. In the marble problem, the plan is
straightforward: add 1 to 12. In more complex prob-
lems, such as two- or three-step problems, the prob-
lem solver must break the problem into parts, which
are then solved successively. This requires strategic
knowledge (heuristics for how to solve problems),
such as breaking a large problem into parts or remem-
bering a related problem. Problem-solving heuristics
in mathematics can be assessed by asking students
which arithmetic operations are necessary to solve a
word problem, and can be taught by providing
worked-out examples (Reed, 1987; Schoenfeld, 1985).

Executing refers to carrying out an arithmetic, alge-
braic, or other mathematical operation. In the marble
problem, executing involves determining that the sum
of 1 and 12 is 13. This process requires procedural
knowledge (a specific step-by-step algorithm for ac-
complishing some task), such as the counting-on pro-
cedure  for simple addition. In the counting-on
procedure, which sometimes is used by beginning
arithmetic students (Fuson, 1992), a student begins
with one number (such as 12) and increments it by
the second number (such as 1) to yield the total (13).
The ability to use complex procedures is restricted by
limits on the capacity of short-term memory (Sweller,
1989); when students automate their mathematical
procedures, this reduces the load on short-term mem-
ory and allows cognitive capacity to be allocated to
high-level processing.

Although this cognitive task analysis of mathemat-
ical problem solving produces four distinct component
processes, they do not necessarily occur in a systematic
order within a problem-solving session. For example,
M. Hegarty, R. E. Mayer, and C. Green (1992) have
shown that successful problem solvers continually
move between qualitative understanding of the situa-

tion described in the problem and quantitative reason-
ing about how to manipulate the numbers in the
problem. A. H. Schoenfeld (1985) has provided case
studies demonstrating the importance of metacogni-
tive skills such as monitoring and reviewing one’s chain
of cognitive processing.

SEX DIFFERENCES
IN MATHEMATICAL ABILITY

A recurring issue concerns whether males and fe-
males differ in mathematical ability and, if so, why
they differ. A review of the research reveals that av-
erage scores on mathematics tests are higher for males
than females in secondary school but not in elemen-
tary school (Halpern, 1986; Maccoby & Jacklin, 1974).
In addition, the size of the difference is often very
small; in one review, for example, 1 percent of the
variance among test scores was attributable to the sex
of the students (Hyde, 1981). In contrast, other fac-
tors, such as the number of mathematics courses taken
or the educational level of the parents, have been
shown to account for much larger percentages of the
variance among scores (Halpern, 1986; Maccoby &
Jacklin, 1974). In short, sex differences in mathemat-
ical ability favoring males emerge after approximately
age 12 and tend to be relatively small.

Why do sex differences occur? According to the
different-experience argument, the pattern of sex dif-
ferences in mathematical performance is caused by dif-
ferences in the math-related experiences of boys and
girls. For example, on the average, boys take more
math courses than do girls in secondary school (Fen-
nema & Sherman, 1977). According to the socialization
argument, boys are more likely to be encouraged and
expected to do well in math, whereas girls are less
likely to be encouraged to develop confidence and pos-
itive attitudes toward math. Although children enter-
ing elementary school do not view math as a male
domain, they tend to adopt this view by the time they
move on to secondary school (Fennema & Sherman,
1977). Finally, the biological argument is based on the
idea that genetic factors contribute to the observed
sex differences in mathematical ability (Benbow &
Stanley, 1980, 1983). Continuing research is needed to
determine the relative contributions of experiential,
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socialization, and genetic factors to differences in
mathematics performance.

GIFTEDNESS IN
MATHEMATICAL ABILITY

Another issue concerns the nature of giftedness
in mathematics. Mathematical giftedness is manifested
by extremely high levels of performance in mathema-
tics. For example, in order to identify mathematically
talented students, J. C. Stanley and his colleagues
(Benbow & Stanley, 1980, 1983; Stanley, 1986) ad-
ministered the Scholastic Aptitude Test-Mathematical
(SAT-M) to seventh- and eighth-graders who had
been identified as excellent mathematicians. Over the
course of several years, approximately 5 percent of the
students scored above 600, with some students scoring
at, or near, the maximum score of 800.

What are the characteristics of students who can
reason extremely well in mathematics? Compared to
average-ability students, mathematically gifted stu-
dents were more likely to be boys, have highly
educated parents, be accelerated in school grade place-
ment, and score well in verbal ability (Stanley, 1986).
In a more detailed analysis, V. J. Dark and C. P. Ben-
bow (1990) found that mathematically gifted students
were better able to translate a word problem into an
equation and manipulate mathematical information in
short-term memory than average-ability students. Ad-
ditional research is needed to specify differences in the
cognitive processing and knowledge of gifted, average,
and learning-disabled students.

(See also: GENDER DIFFERENCES IN INTELLECTUAL ABILI-
TIES; GIFTEDNESS.)
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RICHARD E. MAYER

MCCARTHY SCALES OF CHILDREN’S
ABILITIES  The McCarthy Scales of Children’s
Abilities (MSCA), developed by Dorothea McCarthy
(1972), were designed to enable psychologists to de-
termine the overall intellectual level and the particular
strengths and weaknesses of young children. Intended
for use with children aged 2 years, 4 months, 16 days
(2¥2) to 8 years, 7 months, and 15 days (8% years),
the MSCA has been described as child-friendly and
accommodating of many unique situations that arise in
preschool assessment (Bracken, 1991; Kaufman &
Kaufman, 1977). Since its publication, the MSCA has
been used in a wide variety of research projects, in-
cluding the assessment of children diagnosed as men-
tally retarded (Bickett, Reuter, & Stancin, 1984), the
assessment of school readiness (Massoth & Levenson,
1982), and the prediction of later academic achieve-
ment (Massoth, 1985).

Advantages and Disadvantages. The MSCA
offers many advantages over other measures of chil-
dren’s intelligence. Perhaps its most important advan-
tage is that it is designed to be interesting to young
children. By offering bright stimulus materials and
multiple practice items, and requiring little initial ver-
bal output by the child, the MSCA recognizes the im-
portance of building and maintaining rapport with a
youngster. In addition to being child-friendly, the
MSCA provides tasks that are developmentally appro-
priate for young children.

The disadvantages of the MSCA primarily concern
the less-than-desirable reliability of the individual sub-
tests, making interpretation beyond the composite
scale level inadvisable. A second shortcoming is that
the scoring can be cumbersome for the inexperienced
examiner. The presence of multiple conversions,
weighting, and subtests scored on more than one scale
all contribute to difficulty in scoring. Overall, the ad-
vantages of the MSCA are numerous and outweigh the
few disadvantages; thus, the MSCA is a widely used
and respected research and clinical instrument.

DESCRIPTION OF THE SCALE

The MSCA contains eighteen separate tasks (sub-
tests) that are grouped in six clinically useful scales
(see Table 1).

1. Verbal Scale: This scale consists of five subtests
that measure a child’s verbal expression and mastery
of verbal concepts. Included in this scale are tasks that
measure the child’s short- and long-term memory, di-
vergent thinking, and deductive reasoning. Examples
of some tasks in this scale include recalling names of
pictured objects, defining words, naming objects, and
repeating parts of sentences.

2. Perceptual-Performance Scale: This scale con-
sists of seven subtests that assess a child’s imitation of
designs, classification of objects into logical groups,
and visual-spatial ability. For example, the child may
be asked to construct a puzzle depicting a common
animal, copy a design made of blocks, or classify ob-
jects according to shared characteristics (e.g., color,
size, shape, etc.).

3. Quantitative Scale: This scale consists of three
subtests that measure a child’s facility with numbers
and quantitative concepts. Subtests in this scale ex-
amine such abilities as digit repetition (repeating lists
of numbers of varying length), counting, and sorting,
which are felt to be less school-related but more re-
lated to developmental computational skills.

4. General Cognitive Scale: This scale is composed
of the Verbal, Perceptual-Performance, and Quantita-
tive scales. Its summary score is felt to represent a
child’s general level of cognitive functioning, because
each of the subtests measures an ability that is cogni-
tive in nature. This scale is not considered an intelli-
gence quotient (IQ) scale but one reflecting a child’s
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TABLE 1
The McCarthy’s six scales and eighteen subtests
Perceptual General
Test Verbal Performance Quantitative Cognitive Memory Motor
1. Block Building P GC
|
2. Puzzle Solving P GC
1
3. Pictorial Memory GC Mem
|
4. Word Knowledge GC
|
5. Number Questions
| Q | GIC
6. Tapping Sequence P GC Mem
| I I ,
7. Verbal Memory | Vv I GC | Mem
1
8. Right-Left Orientation | P | GC
9. Leg Coordination m
10. Arm Coordination
11. Imitative Action | Mot |
12. Draw-A-Design ) GC Mot
1
13. Draw-A-Child P GC m
1
14. Numerical Memory | Q l GC | Mem |
1
15. Verbal Fluency I v | GC
|
16. Counting and Sorting | Q I GC
|
17. Opposite Analogies | v | GC
1
18. Conceptual Grouping | ) l GC

Source: McCarthy, 1972. Reproduced by permission of The Psychological Corporation, San Antonio, Texas. All rights reserved.
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ability to integrate accumulated learnings and apply
them to the specific tasks of the MSCA.

5. Memory Scale: This scale consists of four sub-
tests that specifically assess a child’s short-term mem-
ory ability. Memory is assessed in both the auditory
and visual modalities. For example, a child might be
asked to recall a recently presented picture of a com-
mon object or to recall a sequence of tones produced
from a xylophone. The subtests on this scale have also
been included as part of the Verbal and Quantitative
scales, because the abilities measured are thought to
be highly related to a child’s verbal and numerical
skills.

6. Motor Scale: This scale consists of five subtests
that measure a variety of fine and gross motor ac-
tivities. Three of the subtests from this scale—Leg
Coordination, Arm Coordination, and Imitative Ac-
tion—are not part of any other scale and thus do not
contribute to the Composite.

DEVELOPMENT AND
STANDARDIZATION OF THE SCALE

The content for the MSCA and the grouping of
subtests into the six scales was based primarily on the
author’s extensive teaching and clinical experience.
The final item set was selected from a large number of
items measuring the relevant domain(s). Several tryout
tests were performed both with children who were
normal and with those who were mentally retarded.
The results of factor analyses on the standardization
sample were also used in determining the groupings of
subtests into scales.

The MSCA was standardized on a national sample
of 1,032 children aged 2Y5 years to 8Y: years. This
sample was stratified by age, gender, color, geographic
region, urban/rural residence, and father’s occupation.
Color was used to represent white versus nonwhite
categorization. The percentages of children obtained
for each of these stratification variables were estab-
lished based on the 1970 U.S. Census (U.S. Bureau of
Census, 1972) and a review of the sample suggests that
the sample was a reasonable representation of the U.S.
population at that time.

Administration of the MSCA. The MSCA is
administered to a child in a standard format. Subtests
should be presented in the sequence in which they

appear on the protocol. To facilitate the flow of admin-
istration, subtests 9-13 (the Motor Scale) have been
placed in the middle of the battery in order to provide
the child with a natural break from the more sedentary
items of the other scales. The scale is designed to be
administered in its entirety in 50 to 75 minutes.

Item directions are explicit as to what can be said
to a child, and the specific actions that can be per-
formed by the examiner in order to elicit the child’s
performance; however, to prevent a stilted presenta-
tion, good rapport with the child is essential. Further,
so as not to frustrate the child unnecessarily, starting
(basal) and stopping (ceiling) points for each subtest
are provided. .

Scoring of the MSCA. The MSCA is scored at
two levels. First, the General Cognitive Index (GCI) is
expressed as a scaled score with a mean of 100 and a
standard deviation of 16. The GCI scaled score is com-
puted by summing the weighted raw scores from
the Verbal, Perceptual-Performance, and Quantitative
scales and then converting this weighted sum by use
of the normative tables provided in the manual.

To score the MSCA at the index level, one must
first sum the weighted raw scores from each of the
component subtests. This sum of weighted raw scores
is converted to a scaled score with a mean of 50 and
a standard deviation of 10 by using the normative ta-
bles in the manual.

Concurrent Validity. The McCarthy has been
demonstrated to correlate with several other measures
of children’s intelligence. For example, in a study ex-
amining the relationship between the WPPSI-R and
the McCarthy, correlations range from .71 to .81 at
the scale level, with the highest correlation being the
GCI with the WPPSI-R Full Scale IQ (r = .81).

In a study with the K-ABC Achievement Scale, the
MSCA correlated in the moderate-to-high range (.59
to .79). Similarly, the MSCA was found to correlate in
the moderate range (r = .59) with the Metropolitan

Achievement Test.

The studies suggest that the McCarthy measures
global intelligence much as other children’s intelli-
gence tests do, and that the McCarthy is a good pre-
dictor of later achievement.

Interpretation of MSCA Scores. Any inter-
pretation of a child’s performance on the MSCA
should start at the GCI level, since this is the most
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reliable of all MSCA scores. When interpreting this
score for clinicians, a child’s performance is best de-
scribed in quantitative terms such as how far the score
deviates from the average or the percentile rank of the
score. Alternatively, when interpreting the child’s per-
formance to a parent or other nonclinician, a more
descriptive approach, such as the range of functioning
(e.g., average, above average, etc.) is more likely to be
helpful.

A second level of interpretation is the index level.
Because of the questionable reliability and construct
validity of the Quantitative, Memory, and Motor In-
dexes, interpretation at this level should be under-
taken with a great deal of caution. Interpretation
below this level, at the subtest level, should not be
done, as the individual subtests are even more unreli-
able than the indices (Bracken, 1991).

CONCLUSION

The MSCA is a child-friendly method of assessment
of intellectual functioning in children aged 2> to 8%2
years. The scale consists of eighteen subtests that form
six overlapping indices. Three of the indices form the
General Cognitive Index. The scale is administered in
a standard format and yields standard scores for both
the GCI and the six separate indices.
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JAMES S. GYURKE

MEASUREMENT AND PREDICTION OF
INTELLIGENCE  The measurement of intelligence
has two prerequisites. First, a definition of intelligence
is necessary. Second, intelligence must be measurable
in terms of the definition. Common definitions of in-
telligence derived from philosophical or popular usage
of the word do not meet these requirements.

A BASIS FOR MEASUREMENT

Nonetheless one definition of intelligence does lead
directly to measurements that are valid according to
that definition. This definition and the resulting mea-
surements also produce test scores that have many
sizable correlations with individual differences in im-
portant roles in our society.

The Positive Manifold. This definition of in-
telligence is based on the observation of positive cor-
relations among a broad spectrum of tests that
measure narrow cognitive behaviors. This phenome-
non is known as the positive manifold and is seen most
clearly in wide ranges of intellectual talent.

Correlations are smaller for those tests that mea-
sure relatively simple behaviors (accuracy in checking
lists of names or numbers) than for those that measure
more complex behaviors (various forms of reasoning).
As long as there are no zero correlations in the matrix,
all tests measure something in common, but those
with the higher levels of correlations are more accu-
rate measures of that common function or factor.

When intelligence is identified with this common
factor, the methodological problems of constructing an
intelligence test are solved by analyses of the intercor-
relations. No one test or type of test stands out as a
possible sole measure of the common factor in terms
of the average size of its correlations with other tests.
For example, RAVEN PROGRESSIVE MATRICES are not the
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measure of choice because scores are determined par-
tially by content and operations that are independent
of the common factor. Other kinds of tests have
equally high correlations with other tests in the posi-
tive manifold, but scores on each are also mixtures of
common content and other factors. All positively in-
tercorrelated tests qualify for representation, but each
carries its own excess baggage.

Identifying the Common Factor. Each type
represented by a narrow ability test is evaluated for its
importance in selecting items for an intelligence test
by the size of its correlations with other, clearly dif-
ferent item types. The correlations of these narrow
tests with a general factor with which all tests have
nonzero, positive loadings can serve as a guide to the
selection of items. Correlations between items and to-
tal score based on a preliminary total score provide
similar information.

A general factor described in one set of tests can
also be replicated in a different selection of tests when
an appropriate methodology is used. Replicability al-
lows discussion of the general factor. Large samples of
test takers, large heterogeneous sets of tests, and factor
analyses in one or more orders of factoring beyond the
first are required (see FACTOR ANALYSIS). Hierarchical
factor analysis allows replicability in spite of highly
disproportionate representations of different types of
tests in various sets.

Heterogeneity of Items. Because no types or
tasks exist as pure measures of the general factor, a
valid test requires a wide array of items that meet two
distinct criteria. Each item must assess the general fac-
tor to some degree, and the attributes independent of
the general factor that it also assesses must be as varied
as possible. Meeting the variability criterion for item
selection requires more than using items representing
narrow group factors. Items in the pool should rep-
resent as well the means by which the group factors
are measured. As the test designer increases the num-
ber of items meeting the two criteria, the correlation
between the total score and the general factor ap-
proaches unity, and the total of the “noise” that was
inextricably present in individual items shrinks toward
zero.

A test of intelligence with high construct validity
(see VALIDITY) in this definition is not strictly unidi-
mensional, but it does measure one dominant dimen-

sion. Behavioral measurement inevitably introduces
unwanted variance because items must have content,
operations, and products, but the effects of unwel-
come “noise” are reduced to insignificance by maxi-
mizing the heterogeneity of the “noise.” Behavioral
measurement estimates only the hypothetical score on
the general factor, but the estimate can be made with
little error.

Existing Intelligence Tests.
terms of this definition, the existing measures of gen-

When viewed in

eral intelligence, such as the various Wechsler tests
and the Stanford-Binet tests have come close to meet-
ing these specifications over a period of many years.
The correlates of these tests, as well as of others that
contain heterogeneous items substantially correlated
with the general factor, can be treated readily as cor-
relates of intelligence under the current definition.

PREDICTING LATE INTELLIGENCE
FROM EARLY INTELLIGENCE

Predicting adult intelligence from tests adminis-
tered earlier in a person’s development may involve
nothing more than a single correlation and a regression
equation linking the early predictor to the adult test
score. If the same definition of intelligence applies to
tests in both early and adult development, however,
the stability of individual differences in intelligence
quotients (IQ, which measures relative intelligence)
over spans of development has theoretical interest. To
assess stability, valid and appropriate tests are re-
quired.

Selecting Items for Any Age. To select an ad-
equate number of items for measurement purposes, an
appropriate selection of cognitive items should exist at
each developmental level. The array of possibilities is
seemingly limited in infancy, but developmental psy-
chologists are expanding it. By 2 years of age many
cognitive tasks are available. The objective is to use the
data at each age level to select appropriate items by
applying the criteria described previously. That is, phe-
notypic (observed, measurable) intelligence is mea-
sured as defined at each level of development just as
phenotypic height or weight is measured. The stability
of individual differences in relative intelligence, height,
or weight over any given developmental period is then
an empirical matter.
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Longitudinal Data Available. Longitudinal
studies of stability of individual differences in relative
intelligence include those of N. Bayley (1949), R. G.
McCall and colleagues (1972), T. L. Hilton and others
(1971), and R. S. Wilson (1983). In addition, L. G.
Humphreys and colleagues (1985) obtained intercor-
relations for both height and intelligence from the
scores published by Dearborn and others (1938).
Scores from infant tests of development are included
tentatively in the discussion of general intelligence.
Such measures may have higher loadings on the gen-
eral factor of intelligence early in life than similar mea-
sures have later.

Sample sizes and tests vary widely, but the inter-
correlations over a wide range of ages approximate the
pattern of Louis GUTTMAN’s simplex or RADEX THEORY
(1954). The largest correlation in every column of a
given matrix tends to be adjacent to the principal di-
agonal. The remaining correlations, all positive, tend
to decrease monotonically from the diagonal to the
periphery of the matrix. In addition, holding time be-
tween occasions constant, scores become progressively
more stable during development. An important con-
clusion follows: The earlier the initial measure and the
longer the interval between occasions, the less accu-
rate the prediction.

Contrasting Interpretations of the Stabili-
ties. Because of the small size of early correlations,
conventional explanations claim that early tests lack
proper content to measure intelligence. Intelligence
quotients do not stabilize completely, however, even
when content becomes stable from year to year. A hy-
pothesis that cannot be rejected using current data
holds that the same general factor is measured from
the ages of 12 months to 17 years and older (Hum-
phreys & Davey, 1988).

Less stability early in development when growth is
most rapid should not be surprising. Acceptable fits of
a simplex model (Humphreys & Parsons, 1979; Hum-
phreys, Park, & Parsons, 1979; Humphreys & Davey,
1988) are congruent with continuity in development
on an underlying dimension. Near zero correlations
between growth increments and initial bases can ac-
count for the changing sizes of correlations over time.

In addition to explaining present data, the hypoth-
esis has an important additional merit. It can be dis-

confirmed. If an investigator were to find a task at age
12 months that is significantly correlated more highly
with IQ at age 3 or later than at age 2, the hypothesis
would fail.

(See also: BIOLOGICAL MEASURES OF INTELLIGENCE; STA-
TISTICAL CONCEPTS.)
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