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" INTELLIGENCE QUOTIENT

" Few terms generate as much anxiety, or as much
 controversy, as intelligence quotient (IQ). The term
" is emotionally loaded and carries with it the conno-
tation of a fixed entity that resides in each person
to varying degrees and that, to a large extent, deter-

 mines a person’s worth in the larger society. Yet, as so

- often happens, the connotation of IQ today, 100 years
after the term was coined, represents something quite
different from the original meaning and spirit behind
the phrase.

Historical Background

Before Alfred Binet (1857-1911) and, to some extent,
- Francis Galton (1822-1911), gradations of mental
.. worth were generally determined by physiological
indices, such as cranial capacity. Galton extended the
psychometric assessment of human qualities in many
~ directions, including the assessment of intellect with
. various response time measures; however, Binet’s
+ - work had the single most significant impact on the
Conceptualization of IQ.

~ Binet was commissioned by the French govern-
- Thent to assist with the identification of students who
- Were unlikely to benefit from ordinary schooling and

therefore should be offered remedial or special
education. Having become quite discontented with the
utility of cranial measures, Binet searched for some-
thing more definitive. His early ideas for developing a
test of intelligence drew heavily from one of his coun-
trymen, Blin, who had developed a series of structured
questions that were designed to assess the judgment
abilities of the individual.

It is important to note that Binet was very explicit
in stating that the scores derived from his tests were
rough, that they were not intended for use in ranking
normal children, and above all else, they were indica-
tors of current functioning and did not speak to the
past or future capabilities of the child. An educator at
heart, Binet was a strong believer in cognitive modifi-
ability, a view that suggests that intelligence is not
a fixed quantity, but one that can be modified and
enhanced. This view tends to sit in stark contradiction
with many modern theories of intellectual ability,
which suggest that intelligence is an innate and rela-
tively fixed capacity.

As part of his remedial education programs, Binet
advocated what he called exercises in “mental
orthopaedics.” These were based on the belief that one
first needed to learn how to learn. He linked increased
academic performance as a function of training to an
increase in inteligence. Binet was also concerned that
scores on his tests should not be misinterpreted, and
he cautioned overzealous teachers against the tempta-
tion to use the test results to get rid of unruly or unin-
terested students.

The Problems of
Measuring intelligence:
The Appearance of Mental Age

Binet recognized that when he added up the marks on
his scales, the score in and of itself was unable to tell
him very much about the ability of the individual.
What was needed was some way to compare a child’s
score with some benchmark. Binet was particularly
interested in disentangling native intelligence from
the effects of schooling; thus, tests of educational
achievernent would not serve as an appropriate com-
parison. Binet recognized that this benchmark needed
to be empirical, because he was rightfully cautious
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about accepting the evaluations of parents and
teachers too literally, believing they were susceptible
to any number of biases (e.g., the protective parent
might exaggerate the capacity of his or her child; a
teacher wanting to minimize troubles in his or her
classroom may provide an underwhelming evaluation
of the child). Furthermore, without some clearly
defensible and replicable criterion that could be
agreed upon, meaningful assessment of change would
not be possible.

With this in mind, Binet set out to establish a
replicable, empirical criterion for grading intelli-
gence. The first problem that needed to be addressed
was the generally accepted observation that intelli-
gent behavior tends to increase with age. The line of
reasoning that Binet pursued to deal with this is
very illuminating and, although subsequently modi-
fied and improved, serves as an exemplary model of
the application of sound logic and experimentation
to the investigation of human ability. Binet, along
with his student Theodore Simon, administered his
tests to children of different ages and collated their
scores. They then ranked the tests according to diffi-
culty. Out of this work, the term mental age was
coined. Mental age was defined as the average age of
a child of normal intelligence who could pass the test.
It is significant that the chosen comparisons were
normally functioning children. Hence, regardless of
his or her age, a child who was able to pass a test that
a normal child was able to pass at 5 years old
was assigned a mental age of 5. This meticulous
process of establishing benchmarks for comparing
individuals still informs modern methods of test
development, albeit in more sophisticated forms. We
call this process test standardization, and the bench-
marks norms.

Probliems With Mental Age
and the Advent of the 1Q

Almost immediately, mental age ran into problems.
Consider two individuals with the same mental age of
9 years; the first is 18 years old and the second is 6.
The 18-year-old is likely to think qualitatively differ-
ently from the 6-year-old, even though they have the
same mental age—their behaviors, judgments, and

processes are simply different. The solution as to how
to evaluate such differences meaningfully was to
consider the ratio of mental age to chronological
age—this ratio was called the intelligence quotient, or
1Q. Using this transformation, an 18-year-old with a
mental age of 9 would have an intelligence quotient of
0.50. The 6-year-old with the same mental age would
have an intelligence quotient of 1.50. To remove the
decimal and simplify reporting, the quotient was
multiplied by 100, and hence, the 18-year-old was
assigned an 1Q of 50, and the 6-year-old an 1Q of 150.
The lay person’s understanding of the IQ scale has
generally stayed the same ever since.

A more fundamental problem influenced the reli-
able application of IQ scores based on mental age.
This problem was particularly apparent when, con-
trary to Binet’s original intentions, the scale was
moditied for use in the United States to raok normal
and superior children and adults. As mentioned
earlicr, performance on the cognitive tests of Binet
increased with age. But intelligence does not keep
increasing indefinitely. At some point, an increase in
age will not contribute to any significant improve-
ment in performance on the test. Hence, to apply the
IQ to adults, the chronological age needed to be trun-
cated at a suitable point to allow the IQ scale to
remain meaningful. Determining the appropriaie
point to truncate was complicated by the fact that the
mental age of a test is determined by its difficulty. An
casy test will have a low mental age and a harder test
a higher mental age. Researchers presented various
arguments to support their chosen point of truncation,
and for practical purposes, this seemed to address the
problem. However, the 1Q score has an even more
troublesome limitation.

Problems With IQ and the
Advent of the Deviation 1Q

One of the proposed benefits of the IQ over mental
age was that it facilitated comparison of individuals at
different ages. It was recognized that the useful inter-
pretation of 1Q required a constancy of scores across
ages. That is, the ratio of mental age to chronological
age should be the same (i.e., 100) for a normal func-
tioning child no matter how old he or she is. However,
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wechsler reports that in the 1937 version of the
Stanford—Binet intelligence scale, there was consider-
able variability in mean IQ scores across different
ﬁges—the mean 1Q for 2V%-year-old children was
109.9, but only 100.5 at 14 years. Furthermore,
Wechsler argued that the variability (standard devia-
tion) in IQ scores also differed considerably at differ-
ent ages. The standard deviation in IQ scores for
12_year-olds was 20 IQ points, yet the standard devi-
ation was only 12.5 points for 6-year-olds. The reason
for this variation might be interpreted to lie with the
“particular characteristics of the standardization sam-
ple chosen as the comparison group, and there is evi-
dence that this was recognized by researchers at the
“time. However, the problem this presented remained a
 significant obstacle to the reliable interpretation of IQ
“scores and had the potential to render any compar-
sons of individuals over time or at different ages
. meaningless.

‘The solution was an act of statistical ingenuity. As
"."Wechsler describes, scores on the test were just that—
“scores. The numbers used to represent the scale are
—always arbitrary in the sense that there is no fixed
- point of origin—zero on the scale did not imply no
.intelligence, and each test’s mean score depended on
Jdts difficulty. Hence, mental age and IQ were just
‘numbers on some arbitrary scale determined by the
researcher. However, it is possible to mathematically
" transform the scores on one scale to any other scale
~without changing the rank ordering of individuals or
the relative distance between them. This is what we do
when we convert raw scores to standardized scores
{i.e., z scores) in, for instance, the process of testing
for statistically significant differences between two
population means. z scores always have a mean of
zero and ‘a standard deviation of one, regardless
‘of what the original raw score scale is. Farthermore,
if we have two groups of people, say, 5- and 10-year-
olds, and we convert the raw scores of each group
-S¢parately to z scores, then the mean and standard
deviation will be the same (0 and 1, respectively) for
‘both groups. Herein lies the ingenuity. With this
simple transformation, we now have a scale that we
€an set to have the same mean and standard deviation
_ for any number of subgroups. Furthermore, it is a simple
- Mathematical calculation to convert any z score to

have any other mean and standard deviation we
choose. In the context of assessing intelligence, the
obvious choice was the one that practitioners had
become accustomed to. Hence, raw scores were trans-
formed so that the mean for each age subsample of the
standardization group was set to be 100, and the stan-
dard deviation was set to be around 15 (different test
developers set slightly different standard deviations).
This new IQ is referred to as the deviation I1Q. It does
not depend on a concept of mental age, and chrono-
logical age is used only for grouping.

An important caveat to this applies. The appropri-
ateness of the linear transformation to z scores and
the subsequent interpretations are premised on the
assumption that the original raw scores fall along an
equal interval scale. Equal interval scaling between
scores is required if we are to make meaningful com-
parisons of differences. This has continued to be a
major controversy in psychological assessment gener-
ally and one that is rarely questioned in clinical apph-
cations of 1Q.

Contemporary Perspectives on iQ:
A Cautionary Concluding Note

1IQ is an aggregated score. To the extent that it is
meaningful o aggregate scores across disparate tasks,
such as Binet presented and as used in modern tests,
such a single score is potentially appropriate.
However, the current dominant theories suggest that
intelligence is multifaceted and composed of distinct,
though related, classes of ability. For instance, using
sophisticated statistical techniques, McArdle, Ferret-
Caja, Hamagami, and Woodcock investigated the
developmental trajectories of a range of ditferent cog-
nitive abilities. They interpreted significant deviations
in the trajectories of these separate abilities from the
IQ-equivalent trajectory to suggest that a description
of the cognitive system with only a single factor is
overly simplistic. Hence, although the notion of 1Q
has become deeply ingrained in modern language,
great care is required with interpretation.

—Damian P, Birney and Steven E. Stemler

See also Intelligence Tests
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INTELLIGENCE TESTS

An intelligence test is a structured situation designed
to elicit information about the cognitive abilities of an
individual. The test may be administered individually
or in a group. Scores are usually reported on a scale in
which 100 indicates average inteiligence. Scores are
scaled so that about the top 16% of the population will
receive scores of 115 or above, the top 2.5% will
receive scores of 130 or above, the bottom 16%
will receive scores of 85 or below, and the bottom
2.5% will receive scores of 70 or below.

The typical intelligence test will have a variety of
items designed to tap different aspects of the person’s
cognitive abilities. Some of the items may ask for spe-
cific pieces of information, such as how many years
there are in a decade or how much change you would
receive if you bought an article costing $18.67 and

you gave the clerk a $20 bill. Other questions might
ask about objects missing or out of place in a picture;
still others would be tests for memory, such as repeat-
ing a list of 5 digits that have been read, or tests of
reasoning such as finding the right pattern piece to
complete a design. In an individually administered

test, the examiner asks each guestion, records the
answer, and makes a judgment as to the answer’s cor-
rectness or quality. Testing stops when the examinee
has failed to answer a specified number of questions
correctly. When the test is administered to a group, the
questions are often in multiple-choice format, and
responses are usually recorded by filling in bubbles on
the answer sheet. Answers are compared to a key, so
judgment as to correctness is avoided.

History of Intelligence Testing

Alfred Binet is generally given credit for creating the
first modern intelligence test in 1903. In the 1908 ver-
sion of his test, Binet introduced the idea of “mental
level” as a way to express the cognitive ability of a
child. The mental level of an item was the age at which
the average child could solve that particular problem,
An item that could be solved by the average child of
age 7 or above, but not by a child of age 6, was given
amental level of 7 years. Items were grouped by men-
tal level, and testing ended at the first level where a -
child could not answer any items correctly. '

Henry Goddard popularized Binet’s 1908 test in
the United States. Several English-language versions
of the Binet scale were quickly developed by Goddard
and others. In 1916, Louis Terman published an
American edition that came to be called the Stanford-
Binet and soon replaced all competitors. This test pop- -
ularized the term intelligence quotient, or 1Q, because
scores were expressed as the ratio of mental level or
mental age, divided by actual or chronological age. A~
child who tested “at age” received an IQ of 1.00. This
ratio came to be multiplied by 100 to remove the dec-
imal point, resulting in a scale where the average 1Q 18
100, the reference point still in use.

During World War I, American psychologists undet
the leadership of Robert Yerkes produced two new
group-administered tests for screening Army draftecs:






