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What Is Intelligence?

Over the past century there have been massive increases in
IQ test scores. Many psychologists have struggled to
understand the implications of these IQ gains. Do they
mean that each generation is more intelligent than the
last? Do they suggest how each of us can enhance our own
intelligence? These gains were called the “Flynn effect” to
recognize the central role played by James R. Flynn in
measuring them. However, Flynn himself confessed that
he was unsure of their significance.

Finally, in What is Intelligence? Beyond the Flynn Effect,
Professor Flynn is ready to take a stand. One of the most
creative and influential psychologists working in the field
of intelligence, he offers a new picture of human intelli-
gence that is both surprising and illuminating.

What is Intelligence? bridges the gulf that separates our
minds from those of our ancestors a century ago. Itis a
fascinating book that makes an important - and lasting -
contribution to our understanding of the evolution of
human intelligence.

JAMES R. FLYNN is Professor Emeritus at the University of
Otago, New Zealand, and a recipient of the University’s
Gold Medal for Distinguished Career Research. In 2007,
the International Society for Intelligence Research named
him its Distinguished Scientist of the Year.
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To Bill Dickens

Whose intelligence solved the fourth paradox



The Flynn Effect is important ... it is such novel facts,
when fully investigated, that lead to an increased level of
understanding. (Arthur Jensen, The g factor: The science of
mental ability, p. 330)

What he knew, and what they could not have known, was
that their species would change and that he, a modern
man, ... was not quite human in the same way as they had
been. (Sebastian Faulks, Human traces, p. 205)
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1 A bombshell in a letter box

The special function of scientific explanation is . .. to turn the
unexpected, as far as possible, into the expected.
(Stephen Toulmin, Reason in ethics, p. 88)

I am a teacher and rarely write for specialists alone. I have tried to
avoid the dead-stick prose so beloved by journal editors. Anyone
with a good education or a major in psychology should be able to
read this book and the former is more important than the latter. It
assumes that everyone is interested in intelligence and would like
something exciting to provide a reason to learn more about it.
Specialists will find that much has been omitted but will also,
I hope, find something new in the argument and something
worth pursuing in the research designs recommended.

A warning for everyone: there are problems that can simply
be settled by evidence, for example, whether some swans are black.
But there are deeper problems that pose paradoxes. Sometimes the
evidence that would solve them lies in an inaccessible past. That
means we have to retreat from the scientific level of explanation to
the historical level where we demand only a plausibility that con-
forms to the known facts. I believe that my efforts to resolve the
historical paradoxes we will discuss should be judged by whether
someone has a more satisfactory resolution to offer. The reader
should be wary throughout to distinguish the contentions I evi-
dence from the contentions to which I lend only plausibility.

“The Flynn effect” is the name that has become attached to
an exciting development, namely, that the twentieth century saw
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massive IQ gains from one generation to another. To forestall
a diagnosis of megalomania, the label was coined by Herrnstein
and Murray, the authors of The bell curve, and not by myself. I have
never done any studies of IQ trends over time in the sense of
actually administering tests. Of those who had measured IQ
gains here or there, Reed Tuddenham was the first to present
convincing evidence using nationwide samples: he compared the
mental test scores of US soldiers in World Wars I and II and found
huge gains. Had I thought of attaching a name to the phenomenon,
I would have offered his.

About 1981, it struck me that if IQ gains over time had
occurred anywhere, they might have occurred everywhere and
that a phenomenon of great significance was being overlooked.
Therefore, I began a survey to see what data existed throughout
the developed world. It was on a rather dull Saturday in November
1984 that I found a bombshell in my letter box.

It was data from the distinguished Dutch psychologist
P.A. Vroon and some things were evident at a glance. Although
Vroon had not developed the techniques to measure them, young
Dutch males had made enormous gains in a single generation
on an IQ test of forty items selected from Raven’s Progressive
Matrices. The sample was exhaustive. Raven’s was supposed to
be the exemplar of a culturally reduced test, one that should
have shown no gains over time as culture evolved. These 18-years
olds had reached the age at which performance on Raven’s peaks.
Therefore, their gains could not be dismissed as early maturation,
that is, it was not just a matter that children today were about two
years ahead of the children of yesterday. Current people would
have a much higher IQ than the last generation even after both had
reached maturity.

Over a period of twelve months, I was bombarded with
data from another thirteen nations all of which showed huge
gains. Today the total is almost thirty and includes data from
developing nations as well. Our advantage over our ancestors is
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relatively uniform at all ages from the cradle to the grave. Whether
these gains will persist into the twenty-first century is problem-
atic, at least for developed nations. But there is no doubt that they
dominated the twentieth century and that their existence and size
were quite unexpected. The very fact they occurred creates a crisis
of confidence: how could such huge gains be intelligence gains?
Either the children of today were far brighter than their parents or,
at least in some circumstances, IQ tests were not good measures of
intelligence. Paradoxes started to multiply. Now read on.



2 Beyond the Flynn effect

Yesterday upon the stair

I saw a man who wasn’t there

He wasn’t there again today

How I wish that man would go away
(Nursery rhyme)

I will try to make the problems posed by IQ gains go away, but do
not really think that I can say the final word. I claim only that I can
at last propose an interpretation that eliminates paradoxes. These
paradoxes have been so intimidating as to freeze our thinking
about the significance of IQ gains ever since we began to take
them seriously (Flynn, 2006a).

Intelligence and the atom

Before I state the paradoxes, there are some concepts to
convey. My fundamental line of argument will be that understand-
ing intelligence is like understanding the atom: we have to know
not only what holds its components together but also what splits
them apart. What binds the components of intelligence together is
the general intelligence factor or g; what acts as the atom smasher
is the Flynn effect or massive IQ gains over time; the best IQ test to
exemplify both of these is called the WISC (Wechsler Intelligence
Scale for Children).

The WISC has ten subtests that measure various cognitive
skills. For example, the Similarities subtest measures the ability
to perceive what things have in common; the Vocabulary subtest
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measures whether you have accumulated a large number of the
words used in everyday life; Information measures your store of
general (as distinct from specialized) information; Arithmetic
measures your ability to solve everyday mathematical problems
(how much change you should have if you bought certain items
out of a five-dollar bill); and so forth (see Box 1).

Box1

The WISC IQ test (The Wechsler Intelligence Scale for Children)
has been administered since 1950 to children ages 6 to 16. The
ten subtests given throughout most of that period are below (all
items used to illustrate the subtests are fictitious but they fairly
represent those used on the WISC). They are listed from the
subtest with the lowest gains over time to the highest.
Information has enjoyed a gain of only 2 IQ points while
Similarities shows a gain of 24 points.

Information: On what continent is Argentina?

Arithmetic: If 4 toys cost 6 dollars, how
much do 7 cost?

Vocabulary: What does “debilitating” mean?

Comprehension: Why are streets usually

numbered in order?
Picture Completion:  Indicate the missing part from
an incomplete picture.

Block Design: Use blocks to replicate a two-
color design.

Object Assembly: Assemble puzzles depicting
common objects.

Coding: Using a key, match symbols

with shapes or numbers.
Picture Arrangement: Reorder a set of scrambled
picture cards to tell a story.
Similarities: In what way are “dogs” and
“rabbits” alike?
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There is a strong tendency for performance on these ten
subtests to be inter-correlated. This means that people who are
above average on one of them tend to excel on them all, that is,
those who are good at seeing what concepts have in common and
good at identifying the missing piece of a pattern tend to be the
same people who accumulate large vocabularies, large funds of
general information, and arithmetical skills. That is why we speak
of a general intelligence factor or g. Naturally, there are other
factors: some people are particularly good at the verbal portions
of IQ tests, or the quantitative portions, or the items that require
spatial visualization. I will largely ignore these subordinate factors
because they pose no problem beyond that posed by the g factor.

There is nothing mysterious about the notion of g. In
everyday life, all of us talk about general abilities that “lie behind”
the fact that someone excels at a wide range of tasks or is superior
in a wide range of traits. We talk about good people and mean that
there are people who are above average not just in terms of kind-
ness but also in terms of generosity and tolerance, so they have
moral g. We have all said of someone that they have athletic ability
and meant that they seem to excel at all sports not just at one,
so they have athletic g. If someone is good at playing a wide variety
of musical instruments, we tend to say that they are “musical,”
which is to say they have musical g. Similarly, if someone is good at
awide range of cognitively demanding tasks, we say that they have
general intelligence or g(IQ).

A mathematical technique called factor analysis measures
this tendency of performance on a wide variety of cognitive tasks
to be inter-correlated and, technically, g is the quantified result.
The g factor explains a surprising amount of individual differences
in performance on the WISC subtests, but it is better at predicting
performance on some rather than others. This is because good
performers consistently open up a larger gap on the average per-
son at some cognitive tasks than others. These tend to be the more
cognitively complex tasks, which reinforces the claim of g to be a
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measure of general intelligence. For example, a high-IQ person
excels less on Digit Span forward, which is just remembering num-
bers in the order in which they were read out, and excels more on
Digit Span backward, which is repeating numbers aloud in reverse
of the order in which they were read out. The ten WISC subtests can
be ranked in terms of their g loadings. That simply means you rank
them from the subtest on which high-IQ people beat the average
person the most down to the subtest on which they excel the least.

Once again, there is nothing mysterious about various
traits or tasks having different g loadings. In the American South
of my youth, people who were good tended to be farther above
average in terms of kindness than tolerance, which is to say that
kindness had a higher g loading than tolerance. Musical people
tend to be farther above average on the piano than the drums. A
talented cook is likely to exceed me more in making a soufflé than
scrambled eggs because the former is more complex than the
latter. Therefore, it is a better test of excellence in cooking.

The pervasiveness of the g factor creates certain expect-
ations. If there is such a thing as general intelligence, and if it
were to increase over time, we would expect gains on each of the
ten WISC subtests to tally with their g loadings. With the exception
of Coding, the g loadings are very similar on the various WISC
subtests. But when we turn to IQ gains over time, we find some-
thing surprising: huge discrepancies between the magnitude of
subtest gains and subtest g loadings. For example, Similarities and
Information have much the same g loadings, yet the former shows
twelve times the gains of the latter. Remember cooking. If cooking
skills improved over time, it would be amazing if the g loadings
were ignored, for example, if there was a huge gain in scrambling
eggs but no gains in making soufflés.

Figure 1 presents a summary of IQ gains in America
between 1947 and 2002. The WISC data are most complete for
America but I could have chosen another developed nation such
as France or Britain. Another test that will be important later is
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Figure 1 This figure shows WISC IQ gains starting in 1947-1948 and
running through 2002. The test was updated three times, which
means we get estimates of gains over three periods of 13 to 25 years.
All gains are measured in IQ points (with SD set at 15). See Appendix I
for Table 1 on which the figure is based. I have also included an
“estimate” of American gains on Raven’s. There are no reliable US
data, but there is a huge literature showing that Raven’s gains have
proceeded at no less than o0.50 IQ points per year in every developed
nation for which we have data. I will list these nations and give the
years the data cover:

Belgium: 1958-1967 (Flynn, 1987, Table 2)

Norway: 1954-1980 (Flynn, 1987, Table 4)

The Netherlands: 1952-1982 (Flynn, 1987, Table 1)

Israel: 1971-1984 (Flynn, 1998b, Table 3)

Britain: 1942-1992 (Flynn, 1998a, Figure 3)

Argentina: 1964-1998 (Flynn & Rossi-Casé, under review)

Raven’s Progressive Matrices, so I have given a minimal estimate of
US gains on Raven’s. As the caption to Figure 1 says, there are no
good data on Raven’s gains in America, so I have used a minimal

estimate closely tied to US gains on Similarities. Data from Great
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Britain show the two rising in tandem (Flynn, 1998a, Figure 3;
Flynn, 2000Db, Table 1).

Some trends to note in Figure 1. The various subtests show
very different gains: Americans gained 24 points on Similarities
between 1947 and 2002 (1.6 SDs), 4 points on Vocabulary, and only
2 points on Arithmetic and Information (for an average of 3 points
on these three subtests collectively). The WISC gives not only
subtest scores but also a summary judgment on our intelligence
called Full Scale IQ. These gains are huge, amounting to about 18
points. The posited gains on Raven’s come to fully 277.5 points. How
can our recent ancestors have been so unintelligent compared to
ourselves? Even worse, we will look at British data that suggest we
have to extend these gains all the way back to 1900. So our distant
ancestors must have been very stupid indeed. We are now in a
position to state three paradoxes and I will throw in a fourth for
good measure.

Stating the paradoxes

(1) The factor analysis paradox: how can intelligence be both
one and many at the same time or how can IQ gains be so
contemptuous of g loadings? How can people get more
intelligent and have no larger vocabularies, no larger
stores of general information, no greater ability to solve
arithmetical problems?

(2) The intelligence paradox: if huge IQ gains are intelligence
gains, why are we not stuck by the extraordinary subtlety
of our children’s conversation? Why do we not have to
make allowances for the limitations of our parents? A
difference of some 18 points in Full Scale IQ over two
generations ought to be highly visible.

(3) The mental retardation (MR) paradox: if we project 1Q
gains back to 1900, the average IQ scored against current
norms was somewhere between 50 and 7o. If IQ gains are
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in any sense real, we are driven to the absurd conclusion
that a majority of our ancestors were mentally retarded. In
passing, we are in a transitional period in which the term
“mentally retarded” is being replaced by the term “men-
tally disabled” in the hope of finding words with a less
negative connotation. I have retained the old term for
clarity and because history has shown that negative con-
notations are simply passed on from one label to another.
The identical twins paradox: there is no doubt that twins
separated at birth, and raised apart, have very similar IQs,
presumably because of their identical genes. Indeed a wide
range of studies show that genes dominate individual dif-
ferences in IQ and that environment is feeble. And yet, IQ
gains are so great as to signal the existence of environ-
mental factors of enormous potency. How can environ-
ment be both so feeble and so potent?

We will address each of these paradoxes in turn but it may

help to signal the solutions in shorthand:

10

(1)

(2)

The WISC subtests measure a variety of cognitive skills
that are functionally independent and responsive to changes
in social priorities over time. The inter-correlations that
engender g are binding only when comparing individuals
within a static social context.

Asking whether IQ gains are intelligence gains is the wrong
question because it implies all or nothing cognitive pro-
gress. The twentieth century saw some cognitive skills
make great gains, while others were in the doldrums. To
assess cognitive trends, we must dissect “intelligence” into
solving mathematical problems, interpreting the great
works of literature, finding on-the-spot solutions, assimilat-
ing the scientific worldview, critical acumen, and wisdom.
Our ancestors in 1900 were not mentally retarded. Their
intelligence was anchored in everyday reality. We differ
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from them in that we can use abstractions and logic and
the hypothetical to attack the formal problems that arise
when science liberates thought from concrete situations.
Since 1950, we have become more ingenious in going
beyond previously learned rules to solve problems on
the spot.

(4) At a given time, genetic differences between individuals
(within an age cohort) are dominant but only because they
have hitched powerful environmental factors to their star.
Trends over time (between cohorts) liberate environmen-
tal factors from the sway of genes and, once unleashed,
they can have a powerful cumulative effect.

Swimming freely of g

I fear that I have a taste for sports analogies. If we factor
analyzed performances on the ten events of the decathlon, a gen-
eral factor or g would emerge and, no doubt, subordinate factors
representing speed (the sprints), spring (jumping events), and
strength (throwing events). We would get a g(D) because, at a
given time and place, performance on the ten events would be
inter-correlated, that is, someone who tended to be superior on
any one would tend to be above average on all. We would also get
various g loadings for the ten events, that is, superior performers
would tend to rise farther above average on some of them than on
the others. The 100 meters would have a much higher g loading
than the 1,500 meters, which involves an endurance factor not
very necessary in the other events.

Decathlon g might well have much utility in predicting
performance differences between athletes of the same age cohort.
However, if we used it to predict progress over time and forecast
that trends on the ten events would move in tandem, we would go
astray. That is because g(D) cannot discriminate between pairs of
events in terms of the extent to which they are functionally related.

11
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Let us assume that the 100 meters, the hurdles, and the
high jump all had large and similar g loadings as they almost
certainly would. A sprinter needs upper-body strength as well as
speed, a hurdler needs speed and spring, a high jumper needs
spring and timing. I have no doubt that a good athlete would
best the average athlete handily on all three at a given place and
time. However, over time, social priorities change. People become
obsessed with the 100 meters as the most spectacular spectator
event (the world’s fastest human). Young people find success in
this event a secondary sexual characteristic of great allure. Over
thirty years, performance escalates by a full SD in the 100 meters,
by half an SD in the hurdles, and not at all in the high jump.

In sum, the trends do not mimic the relative g loadings of
the “subtests.” One pair of events highly correlated (sprint and
hurdles) shows a modest trend for both to move in the same
direction and another pair equally highly correlated (sprint and
high jump) shows trends greatly at variance. At the end of the
thirty years, we do another factor analysis of performance on the
ten events of the decathlon and, lo and behold, g(D) is still there.
Although average performance has risen “eccentrically” on vari-
ous events, the following is still true: superior performers still
do better than average on all ten events and are about the
same degree above average on various events as they were thirty
years before.

Factor loadings have proved deceptive about whether vari-
ous athletic skills are functionally independent. We can react to
this in two ways: either confront the surprising autonomy of
various skills and seek a solution by depth analysis of how they
function in the real world; or deny that anything real has hap-
pened and classify the trends over time as artifacts. The second
option is respectable if you can actually present evidence. Perhaps
the sprinters of thirty years ago lacked “event sophistication”:
they may have been so tense at the starting line that they all got
slow starts when the gun went off. Perhaps the content of the

12
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event used to disadvantage sprinters by way of “cultural bias”: the
starters may have been Etonians (my word processor wants me to
say Estonians) who insisted on issuing their commands in Greek.
Such things would mean that better 100 meters times do not signal
any real increase in speed. Therefore, the problems of why there
has been only a moderate carry over to the hurdles and why there
has been no carry over to the high jump are pseudo-problems.

But if there is no such evidence, the second option is
sterile. It becomes a matter of saying that since the trends are
not factor invariant, they must be artifacts. This assumes that the
hypotheses about functional skills in the real world that factor
analysis poses need not be tested against evidence. Or that evi-
dence cannot be real evidence if it is falsifying. I assume that this is
an option no one will choose.

It is better to talk to some athletics coaches. They tell us
that over the years, everyone has become focused on the 100
meters and it is hard to get people to take other events seriously.
They point out that sprint speed may be highly correlated with
high jump performance but, past a certain point, it is actually
counterproductive. If you hurl yourself at the bar at maximum
speed, your forward momentum cannot be converted into upward
lift and you are likely to time your jump badly. They are not
surprised that increased sprint speed has made some contribution
to the hurdles because speed between the hurdles is important.
But it is only half the story: you have to control your speed so that
you take the same number of steps between hurdles and always
jump off the same foot. If you told these coaches that you found it
surprising that real-world shifts in priorities, and the real-world
functional relationships between events, ignored the factor load-
ings of the events, I think they would find your mindset surprising.

Back to the WISC subtests. Arithmetic, Information,
Vocabulary, and Similarities all load heavily on g(IQ) and on a shared
verbal factor. Despite this, as we saw in Figure 1, Americans gained
24 points on Similarities between 1947 and 2002, 4 points on

13



What Is Intelligence?

Vocabulary, and only 2 points on Arithmetic and Information.
Which is to say that the pattern of gains bears little relation to factor
loadings and cannot qualify as factor invariant. However, as usual,
factor analysis was done in a static setting where individuals were
compared and social change was absent. It has no necessary applic-
ability to the dynamic scenario of social priorities altering over time.
Therefore, the factor loadings adduced can at best pose hypotheses
to be tested against the evidence of actual score trends over time.
And g(IQ) turns out to be a bad guide as to which real-world cogni-
tive skills are merely correlated and which are functionally related.

The artifact option cannot be supported by evidence. Test
sophistication has to do with feeling comfortable with the format of
1Q tests, or whoever administers them, or using your time better, or
trying harder in the test room. The twentieth century saw us go
from subjects who had never taken a standardized test to people
bombarded by them, and, undoubtedly, a small portion of gains in
the first half of the century was due to growing test sophistication.
Since 1947, its role has been relatively modest. US gains have been
steady at least since 1932 (Flynn, 1984b). Which is to say that they
antedate the period when testing was common, were robust while
testing was at its maximum, and have persisted into an era when IQ
testing waned, due to its growing unpopularity.

If gains are due to test sophistication, they should show a
certain pattern. When naive subjects are first exposed to IQ tests,
they gain a few points but, after that, repeated exposures show
sharply diminished returns. America has been waiting for at least
seventy years for its rate of gain to diminish. Other nations show
accelerating gains over an extended period. For example, in the
Netherlands, a huge rate of gain escalated decade after decade
from 1952 to 1982 (Flynn, 1987).

Are 1IQ gains due to “cultural bias”? We must distinguish
between cultural trends that render neutral content more familiar
and cultural trends that really raise the level of cognitive skills. If
the spread of the scientific ethos has made people capable of using

14
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logic to attack a wider range of problems, that is a real gain in
cognitive skills. If no one has taken the trouble to update the
words on a vocabulary test to eliminate those that have gone out
of everyday usage, then an apparent score loss is ersatz. I can
discern no cultural bias that favors the present generation. Note
that obsolete items would actually lead to an underestimate of IQ
gains. We measure IQ gains in terms of the extent to which people
do better on a old test unchanged from twenty-five years before
their time (say the WISC) than they do on a more current test
whose content has been updated (say the WISC-R).

Let us supply a tentative functional analysis of various
cognitive skill trends over time that explains their pattern without
downgrading their reality. Assume for the moment (evidence
below) that science has engendered a sea change. We no longer
use our minds to solve problems on a concrete level only; rather we
also use them to solve problems on a formal level. Once we used
logic primarily with concrete referents: all toadstools are poison-
ous; that is a toadstool; therefore, it is poisonous. Now we have
become accustomed to using logic with the general categories pro-
vided by science: only mammals bear their young alive; rabbits and
dogs both bear their young alive; therefore, they are both mammals.

I will show that this would bring huge gains over time on a
subtest like Similarities. But so long as other subtests sampled the
core vocabulary and information needed in everyday life, this
causal factor would not trigger large gains on those subtests.
Indeed, changing social priorities might include both emphasis
on a more scientific outlook and less time for reading, in which
case huge Similarities gains could be accompanied by Vocabulary
and Information losses. All of these real-world functional skills
would assert their autonomy from one another and from the
straitjacket of factor loadings.

Arithmetic deserves special mention because some have
confused mathematical thinking with the cognitive problems
posed by Raven’s Progressive Matrices. This is a test that offers a
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Box 2

Here is an item very like those found on the Raven’s Progressive
Matrices test.

S| m
@ oHn

design with a piece missing and six to eight “pictures,” one of
which is the missing piece. You have to select the piece that fits,

and this involves noting similarities and differences across the
rows and down the columns of the design. Look at the item in
Box 2. You can immediately see that the missing piece must be
square. Then you note that the bottom half of the square will have
to be solid black; and that the top half should be divided into only
two parts. So the missing piece and right answer must be the
square on the lower right.

Raven’s demands that you think out problems on the spot
without a previously learned method for doing so, and mathematics
requires mastering new proofs dealing with non-verbal material.
Therefore, the fact that they are highly correlated in terms of factor
loadings seems to signal that they require similar cognitive skills.
Therefore, it seems sensible to teach young children Raven’s-type
problems in the hope that they will become better mathematics
problem solvers. Indeed, US schools have been doing that since 1991
(Blair, Gamson, Thorne, & Baker, 2005, pp. 100-101).

Here IQ gains over time not only trump factor analysis but
also validate their credentials as a diagnostician of functional
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relationships between cognitive skills. The large gains on Raven’s
and virtually nil gains on Arithmetic show that the relationship
between the two is no more functional than the relationship
between sprinting and the high jump. Sadly, our understanding
of the functional process for learning arithmetic is far behind our
understanding of the high jump. Some speculation: except for
mathematicians who link the formulae with proofs, mathematics
is less a logical enterprise than a separate reality with its own laws
that are at variance with those of the natural world. Therefore, just
as infants explore the natural world, children must explore the
world of mathematics themselves and become familiar with its
“objects” by self-discovery.

Michael Shayer is breaking new ground using teaching
techniques based on self-discovery within small groups. In addi-
tion, he may have found cognitive skills that have genuine func-
tional links to arithmetical reasoning. In Britain from 1975 to 2003,
performance among schoolchildren on the Piagetian tasks of con-
ceptualizing volume and heaviness declined by 0.8 SDs. Flynn
(under review) has analyzed British WISC data covering the latter
half of that period. From 1990 to 2003, British children lost 0.4 SDs
on the WISC Arithmetic subtest. The rates of loss are of course
identical (Shayer & Adhami, 2003; Shayer & Adhami, in press;
Shayer, Ginsberg, & Coe, in press).

To sum up, factor analysis and g(IQ) describe a static
situation where individual differences are compared and social
change is frozen. The degree to which superior people are above
average on the various subtests sets their respective g loadings. IQ
gains over time describe a dynamic situation in which social prior-
ities shift in a multitude of ways: no better math teachers, more
leisure but with the extra leisure devoted to visual rather then
verbal pursuits, the spread of the scientific ethos, and a host of
other things all occurring together. The average on Similarities
rises but the average on Arithmetic and Vocabulary does not. How
odd it would be if social trends mimicked factor loadings in
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determining what real-world cognitive skills progress and which
mark time! If they did so, IQ gains would appear factor invariant,
but that would be purely accidental (Wicherts et al., 2004). Although
radically different trends alter average performances on various
WISC subtests between Time 1 and Time 2, note that this leaves a
certain stability untouched. Superior performers are much the same
degree above average on each and every subtest at both Time 2 and
Time 1. Therefore, much the same g will emerge.

A final attempt to shake those resistant to this analysis.
Imagine we had a test of occupational performance where every-
one took three subtests: they all spent six months as a tutor, six
months filing documents, and six months as a messenger. Some
people tend to do better at all three so a g emerges. Those who do
better exceed the average most at tutoring, next at filing, and least
at delivering messages, so the g loadings run from highest to low-
est in that order. Over time, thanks to visual culture, there is no
gain in verbal fluency but map-reading skills improve. Therefore,
when the test is administered thirty years later, there are messen-
ger gains but no tutoring gains, in defiance of the g loadings. Is
there anything really surprising about that?

Our first paradox is resolved. At any particular time, factor
analysis will extract g(IQ) - and intelligence appears unitary. Over
time, real-world cognitive skills assert their functional autonomy
and swim freely of g - and intelligence appears multiple. If you
want to see g, stop the film and extract a snapshot; you will not see
it while the film is running. Society does not do factor analysis. It is
a juggernaut that flattens factor loadings and imposes its own
priorities.

Where has all of the intelligence gone?

As Figure 1 showed, Full Scale IQ gains in America are impres-
sive. I am a grandparent and a member of the WISC generation
who were aged 5 to 15 when they were tested in 1947-1948.
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Let us put our IQ at 100. Our children are essentially the WISC-R
generation who were 6 to 16 when tested in 1972 and, against the
WISC norms, their mean IQ was almost 108. Our grandchildren are
the WISC-IV generation who were 6 to 16 in 2002 and, against the
WISC norms, their IQ was almost 118. We can of course work back-
ward rather then forward. If the present generation is put at 100,
their grandparents had a mean IQ of 82. Either today’s children are
so bright that they should run circles around us, or their grand-
parents were so dull that it is surprising that they could keep a
modern society ticking over.

In either event, the cognitive gulf between the generations
should be huge. Taking the second scenario, almost 20 percent of
my generation would have had an IQ of 70 or below and be eligible
to be classed as mentally retarded. Over 60 percent of American
blacks would have been MR. Anyone born before 1940 knows that
all of this is absurd.

The solution to the paradox is to be found not by focusing
on Full Scale IQ trends, but by focusing on the WISC subtest trends
plus Raven’s trends. As we saw in Figure 1, between 1947 (WISC)
and 2002 (WISC-IV), Similarities and Raven’s show huge gains of
24 to 27 points (SD=15), the five Performance subtests show
gains averaging 17 points, Comprehension shows 11 points, and
the remaining Verbal subtests (Information, Arithmetic, and
Vocabulary) show very limited gains averaging 3 points. Let us
continue our analysis of the cognitive skills needed to do well on
the various IQ subtests and compare their trends with trends on
tests of educational achievement.

The huge Raven’s gains show that today’s children are far
better at solving problems on the spot without a previously learned
method for doing so. The WISC Performance subtests all measure
this to some degree. They require arranging blocks so that the view
from above duplicates a presented pattern, building an object out of
its disassembled parts, arranging pictures to tell a story. On the
other hand, most children have some prior experience at jigsaw
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puzzles or reading books in which pictures are the main vehicle of
the story. I suspect that the fact that the on-the-spot element is
diluted in the Performance subtests explains why their gains,
although substantial, lag behind Raven’s gains.

We turn to the subtests that show minimal gains. Having
an adequate fund of general information, having a decent vocabu-
lary, and being able to do arithmetic are very close to school-taught
skills. As far as Information and Vocabulary are concerned, it is
less a matter of solving problems on the spot than exhibiting what
you know: you either know that Rome is the capital of Italy or you
know only of Rome, Georgia; you know what “delectable” means
or you do not.

It is illuminating to use their trends to analyze trends on
the National Association of Educational Progress (NAEP) tests,
often called the Nation’s Report Card. The NAEP tests are admin-
istered to large representative samples of fourth, eighth, and
twelfth graders. From 1971 to 2002, fourth and eighth graders
(average age 11 years old) made a reading gain equivalent to almost
41Q points. However, by the twelfth grade, the reading gain drops
off to almost nothing (US Department of Education, 2000, pp. 104
and 110; 2003, p. 21).

The IQ data suggest an interesting possibility. For the sake
of comparability, we will focus on WISC trends from 1972 to 2002,
rather than on the full period beginning in 1947. Between 1972 and
2002, US schoolchildren made no gain in their store of general
information and only minimal vocabulary gains. Therefore, while
today’s children may learn to master pre-adult literature at a
younger age, they are no better prepared for reading more
demanding adult literature. You cannot enjoy War and Peace if
you have to run to the dictionary or encyclopedia every other
paragraph. Take Kipling’s poem:

Over the Kremlin’s serpentine pavement white
Strode five generals

20



Beyond the Flynn effect

Each simultaneously taking snuff
Which softness itself was yet the stuff
To leave the grand white neck no gash
Where a chain might snap

If you do not know what the Kremlin is, or what “serpentine”
means, or that taking snuff involves using a snuff rag, you will
hardly realize that these generals caught the Czar unaware and
strangled him.

In other words, today’s schoolchildren opened up an early
lead on their grandparents by learning the mechanics of reading at
an earlier age. But by age 17, their grandparents had caught up.
And since current students are no better than their grandparents
in terms of vocabulary and general information, the two gener-
ations at 17 are dead equal in their ability to read the adult liter-
ature expected of a senior in high school.

From 1973 to 2000, the Nation’s Report Card shows fourth
and eighth graders making mathematics gains equivalent to
almost 7 IQ points. These put the young children of today at the
68th percentile of their parents’ generation. But once again, the
gain falls off at the twelfth grade, this time to literally nothing (US
Department of Education, 2000, pp. 54 and 60-61; 2001, p. 24). And
once again, a WISC subtest suggests why.

The Arithmetic subtest and the NAEP mathematics tests
present a composite picture. An increasing percentage of young
children have been mastering the computational skills the
Nation’s Report Card emphasizes at those ages. However, the
WISC Arithmetic subtest measures both computational skills and
something extra. The questions are put verbally and often in a
context that requires more than a times-table-type answer. For
example, take an item like: “if 4 toys cost 6 dollars, how much do 7
cost?” Many subjects who can do straight paper calculations cannot
diagnose the two operations required: that you must first divide
and then multiply. Others cannot do mental arithmetic involving
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fractions. In other words, WISC Arithmetic also tests for the kind
of mind that is likely to be able to reason mathematically.

My hypothesis is that during the period in which children
mastered calculating skills at an earlier age, they made no progress
in acquiring mathematical reasoning skills. Note the minimal
gains registered on WISC Arithmetic (see Appendix I, Table 1:
1972 to 2002). Reasoning skills are essential for higher mathe-
matics. Therefore, by the twelfth grade, the failure to develop
enhanced mathematical problem-solving strategies begins to bite.
American schoolchildren cannot do algebra and geometry any
better than the previous generation. Once again, although the
previous generation were slower to master computational skills,
they were no worse off at graduation.

Recall that the failure of secondary students to better their
parents is qualified by one important exception. Today’s youth are
much better at on-the-spot problem solving without a previously
learned method. It is likely that this advantage is sustained and
perhaps enhanced by university study. There are a number of
likely dividends. Every year America has an increased number of
managerial, professional, and technical jobs to fill - jobs that often
require decisions without the guidance of set rules.

Although we have focused on post-1972 subtest trends,
these are virtually identical with post-1947 trends. And we now
know why recent IQ gains do not imply that today’s young people
would put their grandparents to shame. Assume we hear a recent
high-school graduate chatting with his grandfather (who also fin-
ished high school) about a novel they both read the week before.
There is no reason to believe either would have to make any
allowance for the obtuseness of the other. Assume we discover
essays on current affairs they both wrote shortly after graduation.
There is no reason to believe that either would strike us as inferior
to the other in terms of vocabulary or fund of general information.

We would be likely to notice some differences. The grand-
son would be much better in terms of on-the-spot problem solving
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in certain contexts. He would be no more innovative in solving
mechanical problems such as fixing a car or repairing things around
the house. But he would be more adept at dealing with novel prob-
lems posed verbally or visually or abstractly. Sometimes, the grand-
father’s “handicap” would affect social conversation, particularly
because he would not think that such problems were very import-
ant. The grandfather might be more rule-governed and would prob-
ably count that as a virtue.

Distant ancestors: Similarities

The grandparents of today’s children were assigned a
median birth date of 1937 to get them in school in time for the
WISC. But what of their parents and grandparents, what of the
cohort that was born in 1907 and the even more distant cohort
born in 18777 British Raven’s data show massive gains beginning
with those born in 1877 - they were actually tested at maturity of
course. World War I military data show that US gains were under
way as far back as we can measure (Raven, Raven, & Court, 1993,
Graph G2; Tuddenham, 19438).

The Wechsler-Binet rate of gain (0.30 points per year)
entails that the schoolchildren of 1900 would have had a mean
IQ justunder 70. The Raven-Similarities rate (0.50 points per year)
yields a mean IQ of 50 (against current norms). The latter is parti-
cularly disturbing. It will hardly do to simply say that our ancestors
were bad at on-the-spot problem solving. After all, innovative
thinking is an important real-world skill. Only the worst of the
2,200 schoolchildren used to norm the WISC-IV would have per-
formed as low as the average child of 1900.

To make our ancestors that lacking in problem-solving
initiative is to turn them into virtual automatons. Moreover,
there is some connection between mental acuity and the ability
to learn. Jensen (1981, p. 65) relates an interview with a young man
with a Wechsler IQ of 75. Despite the fact that he attended baseball
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games frequently, he was vague about the rules, did not know how
many players were on a team, could not name the teams his home
team played, and could not name any of the most famous players.

When Americans attended baseball games a century ago,
were almost half of them too dull to follow the game or use a
scorecard? My father who was born in 1885 taught me to keep
score and spoke as if this was something virtually everyone did
when he was a boy. How did Englishmen play cricket in 1900?
Taking their mean IQ at face value, most of them would need a
minder to position them in the field, tell them when to bat, and
tell them when the innings was over.

The solution to this paradox rests on two distinctions that
explain in turn the huge and therefore embarrassing gains made on
the Similarities subtest and Raven’s. The first distinction is that
between pre-scientific and post-scientific operational thinking. A
person who views the world through pre-scientific spectacles
thinks in terms of the categories that order perceived objects and
functional relationships. When presented with a Similarities-type
item such as “what do dogs and rabbits have in common,”
Americans in 1900 would be likely to say, “You use dogs to hunt
rabbits.” The correct answer, that they are both mammals, assumes
that the important thing about the world is to classify it in terms of
the categories of science. Even if the subject were aware of those
categories, the correct answer would seem absurdly trivial. Who
cares that they are both mammals? That is the least important thing
about them from his point of view. What is important is orientation
in space and time, what things are useful, and what things are
under one’s control, that is, what does one possess.

The hypothesis is that our ancestors found pre-scientific
spectacles more comfortable than post-scientific spectacles, that
is, pre-scientific spectacles showed them what they considered to
be most important about the world. If the everyday world is your
cognitive home, it is not natural to detach abstractions and logic
and the hypothetical from their concrete referents. It is not that
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pre-scientific people did not use abstractions: the concept of hunt-
ing as distinct from fishing is an abstraction. They would use
syllogistic logic all of the time: Basset hounds are good for hunting;
that is a Basset hound; that dog would be good at hunting. They
would of course use the hypothetical: if I had two dogs rather than
only one, I could catch more rabbits. But the reference is always to
the concrete relationships that dominate the everyday world.

Today we have no difficulty freeing logic from concrete
referents and reasoning about purely hypothetical situations.
People were not always thus. Christopher Hallpike (1979) and
Nick Mackintosh (2006) have drawn my attention to the seminal
book on the social foundations of cognitive development by Luria
(1976). His interviews with peasants in remote areas of the Soviet
Union offer some wonderful examples. The dialogues paraphrased
run as follows:

White bears and Novaya Zemlya (pp. 108-109)

Q: All bears are white where there is always snow; in
Novaya Zemlya there is always snow; what color are
the bears there?

A: Thave seen only black bears and I do not talk of what I

have not seen.

But what do my words imply?

If a person has not been there he can not say anything

on the basis of words. If a man was 60 or 8o and had

seen a white bear there and told me about it, he could
be believed.

=R

Camels and Germany (p. 112)

Q: There are no camels in Germany; the city of B is in
Germany; are there camels there or not?

A: Idon’t know,Ihave never seen German villages. If B is

a large city, there should be camels there.

But what if there aren’t any in all of Germany?

=R

If B is a village, there is probably no room for camels.
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The peasants are entirely correct. They understand the
difference between analytic and synthetic propositions: pure
logic cannot tell us anything about facts; only experience can.
But this will do them no good on current IQ tests. As for the effect
of attachment to the concrete on classification, the kind of thing
required in the Similarities subtest, Luria (1976) serves to drive the
point home.

Dogs and chickens (pp. 81-82)

Q: What do a chicken and a dog have in common?

A: They are not alike. A chicken has two legs, a dog has
four. A chicken has wings but a dog doesn’t. A dog has
big ears and a chicken’s are small.

Is there one word you could use for them both?

No, of course not.

Would the word “animal” fit?

Yes.

ZR R

Fish and crows (p. 82)

Q: What do a fish and a crow have in common?

A: Afish-itlivesin water. A crow flies. If the fish just lies
on top of the water, the crow could peck at it. A crow
can eat a fish but a fish can’t eat a crow.

Could you use one word for them both?

If you call them “animals,” that wouldn’t be right. A
fishisn’t an animal and a crow isn’t either. A crow can
eat a fish but a fish can’t eat a bird. A person can eat a
fish but not a crow.

=R

Note that even after an abstract term is suggested, that
kind of answer is still alien. Today we are so familiar with the
categories of science that it seems obvious that the most important
attribute things have in common is that they are both animate, or
mammals, or chemical compounds. However, people attached to
the concrete will not find those categories natural at all. First, they
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will be far more reluctant to classify. Second, when they do clas-
sify, they will have a strong preference for concrete similarities
(two things look alike, two animals are functionally related, for
example, one eats the other) over a similarity in terms of abstract
categories. The Similarities subtest assumes exactly the opposite,
that is, it damns the concrete in favor of the abstract. The WISC
scoring directions assume this principle and the WISC-R makes it
explicit (Wechsler, 1974, p. 155). References to items still in use
have been deleted and italics are mine:

Pertinent general categorizations are given 2 points, while
the naming of one or more common properties or functions
of'a member of a pair (a more concrete problem-solving
approach) merits only 1 point. Thus, stating that a pound
and a yard are “Both measures” (their general category)
earns a higher score than saying “You can measure things
with them” (a main function of each). Similarly calling
something a “feeling” is less concrete (and worth a higher
score) than “the way you feel.” Of course, even a relatively
concrete approach, to solving the items ... requires the child
to abstract something similar about the members of the
pair. Some children are unable to do this, and may respond
to each member separately rather than to the pair as a
whole ... Although such a response is a true statement, it is
scored o because it does not give a similarity.

The preference for answers that classify the world (and extra
credit for the vocabulary of science) is extraordinary and reaches
an even higher level in the WISC-IV, where the “1 point” for con-
crete answers is reduced to “merits no or only a partial credit”
(Psychological Corporation, 2003, p. 71). This preference dominates
the specific scoring directions given item by item. I have used a
fictitious item (dogs and rabbits) to illustrate the point, but an item
abandoned after the WISC-R will show that I am not exaggerating.
“What do liberty and justice have in common?”: 2 points for the
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answer that both are ideals or that both are moral rights, 1 point for
both are freedoms, o for both are what we have in America. The
examiner is told that “freedoms” gets 1 point while “free things” gets
o because the latter is a more concrete response (Wechsler, 1974,
P- 159). You are just not supposed to be preoccupied with how we use
something or how much good it does you to possess it.

Evenin 1900, American children were not immersed in the
everyday world to the same extent as Soviet peasants. However, it
is likely they still used pre-scientific spectacles more often than
post-scientific ones and if so, it is hard to see how they could get
more than half credit on the typical Similarities item. If the chil-
dren of 1900 were given a prehistoric version of the WISC-IV, they
would have a raw score ceiling of 22. This is at the 25th percentile
of contemporary children aged 14. The average child of 1900 would
have a raw score of about 11 and be two SDs below the current
mean, which translates into an IQ score of 70 against today’s
norms (Psychological Corporation, 2003, p. 229). This was the
“target” score that Full Scale IQ gains implied when projected
back to 1900. But recall that Similarities sets the more demanding
target of a mean IQ of 50. It looks as if the permeation of our minds
by scientific categories has been supplemented by additional fac-
tors as yet unknown. It cannot be the influence of a more visual
culture because Similarities items are posed verbally. Or perhaps
the projection of Similarities gains at the post-1947 rate back to the
turn of the century is unwarranted.

Note how the WISC manuals use the word “pertinent” to
justify rewarding “general categories.” This is just a synonym for
claiming that classification is what is important about a pair of
things. Imagine a rural child in 1900 being told that the most
important thing about dogs and rabbits is a name that applies to
both, rather than what you use them for. These comments are not
a criticism of the architects of the WISC-IV. Today, when all chil-
dren are being schooled in a scientific era, the brighter child
probably will be the one who uses the categories and vocabulary
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Box 3

If people have adopted the language of science and use logic and
the hypothetical freely, why do so many of them believe non-
sense about the Loch Ness monster, flying saucers, astrology,
and so forth? The answer is that scientific language and abstract
argument can be used just as easily to defend nonsense as sense,
witness “creation science.” The vocabulary and habits of mind
fostered by science do not automatically engender critical acu-
men or wisdom. They provide a foundation but much has to be
done to build a temple of reason on that foundation. Chapter 7
will discuss all of this in detail.

of science. But what we need not infer is this: that the huge gains
on Similarities from one generation to another signal a general
lack of intelligence on the part of our ancestors. Their minds were
simply not permeated by scientific language and they were not in
the habit of reasoning beyond the concrete.

This solution to our paradox does not imply that massive
IQ gains over time are trivial. They represent nothing less than a
liberation of the human mind. The scientific ethos, with its
vocabulary, taxonomies, and detachment of logic and the hypo-
thetical from concrete referents, has begun to permeate the minds
of post-industrial people. This has paved the way for mass educa-
tion on the university level and the emergence of an intellectual
cadre without whom our present civilization would be inconceiv-
able (but do not expect too much - see Box 3).

The fact that we now use our intelligence in a new way
does not mean, of course, that we use it any less in dealing with the
concrete problems we encounter in everyday life. It is just that
more formal schooling and the nature of our leisure activities have
altered the balance between the abstract and concrete. The life
experiences that surround us pose problems largely absent in our
ancestors’ day.
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Distant ancestors: Raven’s

The above distinction is relevant to Raven’s Progressive
Matrices in that the entire test demands detaching logic from a
concrete referent. However, when challenged by examination con-
ditions, even subjects unused to this can adapt to varying degrees.
I believe we can get more precision about the extent to which our
distant ancestors were handicapped by calling upon Piaget, that
is, his distinction between concrete and formal thinking.

First, I will try to show that being on the concrete level
handicaps one for performing the sort of tasks posed by IQ tests
and yet carries no implication of mental retardation. Second, I will
argue for a connection between viewing the world through pre-
scientific spectacles and the concrete level with the implication
that most people were on the concrete level in 1900. Third, I will
show how that hypothesis could account for the performance gap
on Raven’s that separates us from our distant ancestors.

Trevor Bond has developed Bond’s Logical Operations Test
(the BLOT) to distinguish whether someone uses logic on a con-
crete or formal level (Endler & Bond, 2006). Two items illustrate
the threshold between the two:

(I) A boy has a constant weight for six months. He decided
to swim 4 miles a day (on top of his normal activities) to

train for the state swimming titles. If he wants to keep his
weight the same he will have to: (a) keep his food level the
same; (b) eat more food; (c) eat less food; (d) exercise more.

The correct answer, of course, is “eat more food.” It seems obvious
to us (I suspect all of my readers are on the formal level) but many
adolescents cannot get it. It involves abstracting from the concrete
situation a series of “equations” about weight: constant weight =
consistent input of food + exercise; more exercise = weight loss;
therefore, more food is needed because that = weight gain (oper-
ation of identity).
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(II) A young woman has kept her weight at a constant
level over the past six months. Which of the following
would cause her weight to change a lot? (a) eating less food
and doing less exercise; (b) increasing food eaten and
increasing exercise taken; (c) eating and exercising at the
same level as always; (d) eating at the same level and
exercising more.

The correct answer is “eating at the same level and exercising
more.” It will seem surprising that some people can do (I) correctly
but not (II). But in (II), you have a more cognitively complex task:
you have to discern what combination of food and exercise will
cause weight to either rise or fall (operation of reciprocity).

Are people who cannot operate on the formal level men-
tally retarded? That can hardly be so because a sizable percentage of
today’s teenagers have not attained that level. This will come as a
surprise to those who have read Piaget; but today, there is general
agreement that Piaget worked with an elite sample of children, put
the ages at which children attain the formal mode far too low, and
did not allow for the historical context as a determinant of whether
children would reach the formal level at all. Flieller (1999) presents
trends for French 14-year-olds on a test that measures a broad range
of Piagetian tasks. He puts 35 percent of them at the formal level in
1967 and 55 percent in 1996. Shayer, Kiichemann, and Wylam (1976)
tested only for those Piagetian tasks having to do with assessing
heaviness and volume. They found that in the mid 1970s, 20 percent
of British children aged 14 had attained the formal level. Shayer and
Adhami (2003) argue that British children have lost ground since
then. Clearly, national honor is at stake (see Box 4).

If we put the percentage of American teenagers who can-
not do Bond’s items (I) and (II) as the bottom 50 percent, it is clear
that most of them are not incapable of dealing with everyday life.
They would know enough to diet to lower their weight. They could
train sensibly for the state swimming championships. People
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Box 4

As we have seen, the British losses in assessing heaviness and
volume were accompanied by losses on the WISC Arithmetic
subtest and I have hypothesized a functional link between the
two. But what we really need to do is amass the evidence that
would allow us to link all of the various Piagetian tasks to
various WISC subtests, preferably by finding a consistent inter-
national pattern of corresponding losses and gains. At present,
the necessary Piagetian data simply do not exist.

below the formal level in 1900 would have been even more com-
petent. Formal schooling is highly correlated with Piagetian pro-
gress. Today’s 14-year-olds live at a time in which they have had
nine years of formal schooling with more to come. In the America
of' 1900, adults had an average of about seven years of schooling, a
median of six and a half years, and 25 percent had completed four
years or less (Folger & Nam, 1967). And it was schooling of much
inferior quality.

Equally important, the bottom half of today’s teenagers
cannot extract Bond’s general rules from concrete reality, despite
living in a scientific age. Virtually all people in 1900 lived in a pre-
scientific age. This is not to say that the distinction between con-
crete vs. formal is identical to the distinction between pre-scientific
vs. post-scientific. It is quite possible to extract and manipulate
proper equations about what will increase your weight and still
tend to use pre-scientific rather than post-scientific categories to
classify the world around you. However, the two are undoubtedly
causally linked in terms of historical context. People lacking a
scientific perspective are much more likely to have their intelli-
gence grounded on the concrete level.

No one can go back to 1900 and give Piagetian tests.  merely
assert the following as a plausible hypothesis: most people were on
the concrete level in 1900; a majority of people today move to the
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formal level in their early teens and, by adulthood, they are over-
whelmingly on the formal level.

How much relevance does the concrete/formal distinction
have to performance on Raven’s? Andrich and Styles (1994) did a
five-year study of the intellectual development of children initially
10, 12, and 14 years of age. From the parent sample of 201 children,
Styles (in press) selected sixty children who were representative of
the larger group on the basis of age and initial testing. They took
both a Piagetian test and items from Raven’s ranked in order of
difficulty. Over a period of four years, they were tested yearly on
the former and twice yearly on the latter.

Recall what Raven’s Progressive Matrices is like (look back
to Box 2). It presents the subject with patterns each of which has a
piece missing. Six (or eight) alternatives picture a candidate for the
missing piece and the subject must select the one that fits the logic
of the matrix design. There are sixty items on Raven’s. Five Raven’s
items were used to illustrate the sections of the test and, therefore,
were automatic correct answers. Two items were so easy for this
group of children that everyone got them correct. The remaining
fifty-three items mapped on to ascending Piagetian competence in
ascending order of difficulty. Of these, twenty required the subject
to be either on the threshold of the formal level or operating on
that level. As Styles says, these items require using either a number
of rules or a very complex rule to interpret the matrix pattern; and
the subject needs to consider the logical relations between rela-
tions, rather than the stand-alone relationship between a proposi-
tion and concrete reality.

In other words, if people in 1900 were primarily on the
concrete level, we would expect their raw scores to have a ceiling
of about 4o0. John Raven (2000, p. RS3 18) established norms for the
US circa 1982 and these show a raw score of 40 at the 38th percentile
of 14-year-olds. The age curve corresponding to a ceiling of 40 is that
of 7.5-year-olds. Their median is a score of 20, which is off the bot-
tom of the curve for 14-year-olds. So Raven’s gains between 1900 and
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2000 can be as large as you wish without any presumption that
most of our ancestors suffered from MR. They were quite capable
of on-the-spot problem solving in the concrete situations that domi-
nated their lives. The ingenuity of soldiers trying to stay alive in the
trenches of World War I and the improvisations of mechanics trying
to keep the first motorcars running are part of the historical record.

In stating my solution to the third paradox, I have spoken
with the assurance of someone on fire with new ideas. Others may
well come forward with alternatives. I urge only that they keep
the parameters of the paradox in mind - our ancestors were not
mentally retarded; yet they could not cope with a huge number
of Raven’s items; nor could they, as recently as those born in the
1930s, cope with a large number of Similarities items - and that we
must seek an explanation in new habits of mind, rather than talk
about test sophistication.

Similarities and Raven’s

Until recently, I was deceived about the cognitive tasks set
by Similarities. There are a few items that require you to solve
problems on the spot without a previously learned method. When
asked: “How are dawn and dusk alike?”, children have to imagine
alternatives and select the one that best catches an intrinsic sim-
ilarity. Something like: “You get up in the morning and go to bed at
night but that makes no sense because I often sleep past dawn and
go to bed after dark. They are alike in that the sky is halflit and
often very pretty but of course that is not always true. What they
really have in common is that they are the beginning and end of
both the day and the night. The right answer must be that they
separate day and night.”

But almost all of the items on Similarities do not really
require this kind of thinking. Some merely require habitual use of
the vocabulary of science. When asked why dogs and rabbits are
alike, a modern child does not need to reflect very much to answer
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that they are both mammals. Others merely require a mind
focused on classifying the world in terms of abstract categories.

I can now understand something about these two tests
that always puzzled me and led me into error (Flynn, 2006a).
Why does performance on Similarities correlate so well with per-
formance on Raven’s? Case, Demetriou, Platsidou, and Katz (2001)
analyzed twenty-three tests including both traditional psycho-
metric items (Matrices, seven WISC subtests, and so forth) and
Piagetian tasks (tilted boxes task, weights task, class inclusion,
etc.). They found that Matrices and Similarities were similar in
the sense that they had virtually identical loadings as measures
of fluid intelligence.

Yet, as we have seen, Raven’s measures on-the-spot prob-
lem solving in the sense of diagnosing the logic of matrices pat-
terns, while Similarities measures primarily competence in
classifying. The solution to the puzzle is one that is by now famil-
iar. The same sort of person will do well on both tests, namely,
someone whose mind has been liberated from the concrete. That is
enough to establish a correlation. There is no need for a significant
functional connection between what a person does on the two
tests. The cognitive tasks set by one need not be similar to the
cognitive tasks set by the other.

Note how little information is conveyed by the fact that
they both load highly on fluid g. That is true and it does convey that
the performance of a person on one will be a good predictor of
performance on the other. But it tells us nothing about a deeper
truth. The reason score gains over time occur on both is due to a
common causal factor: minds influenced by the scientific ethos
find both tests congenial.

The heritability of basketball

There have been many TV documentaries about identical
twins who despite being separated at birth, have had amazingly

35



What Is Intelligence?

similar life experiences and grow up to have similar IQs. These
studies are interpreted as showing that genetic influences on IQ
are potent and environmental influences feeble. Studies of identi-
cal twins raised apart are only one component of a wide variety of
kinship studies. There have been comparisons of identical and
fraternal twins each brought up by their own parents, compari-
sons of adopted children with natural children, and so forth. Most
psychologists agree in the interpretation of these studies. For
example, Jensen (1998) concludes that while environment may
have some potency at earlier ages, IQ differences between adults
are overwhelmingly determined by genetic differences.

And yet, how is this possible? As we have seen, there are
massive IQ differences between one generation and another. No
one has been selectively breeding human beings for high IQ, so it
looks as if genetic differences between the generations would be
trivial (we will evidence that assumption in Chapter 5). If that is so,
environmental factors must cause IQ gains over time and, given
the size of those gains, those environmental factors must have
enormous potency. How can solid evidence show that environ-
ment is both feeble (kinship studies) and potent (IQ gains) at the
same time?

Jensen (19734, 1973b) made the paradox all the more acute
by using a mathematical model. He plugged in two pieces of data: a
15-point IQ difference between two groups; and a low estimate
of the influence of environment on IQ (a correlation between
environment and IQ of about 0.33). These implied that for envir-
onment to explain the IQ gap between those groups, the environ-
mental gap between them would have to be immense. One
group would have to have an average environment so bad as
to be worse than 99 percent of the environments among the
other group. Dutch males of 1982 were 20 IQ points above the
previous generation. According to Jensen’s mathematics, the aver-
age environment of the previous generation would have to be
worse than 99.99 percent of the 1982 environments. Jensen
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assumed that no one could make a case for something apparently
so implausible.

Lewontin (1976a, 1976b) tried to solve the paradox. He
distinguished the role of genes within groups from the role of
genes between groups. He imagined a sack of seedcorn with plenty
of genetic variation randomly divided into two batches, each of
which would therefore be equal for overall genetic quality. Batch A
is grown in a uniform and optimal environment, so within that
group all height differences at maturity are due to genetic varia-
tion; batch B is grown in a uniform environment which lacks
enough nitrates, so within that group all height differences are
also genetic. However, the difference in average height between
the two groups will, of course, be due entirely to the unequal
quality of their two environments.

So now we seemed to have a solution. The present gener-
ation has some potent environmental advantage absent from the
last generation that explains its higher average IQ. Let us call it
Factor X. Factor X will simply not register in twin studies. After all,
the two members of a twin pair are by definition of the same
generation. Since Factor X was completely missing within the
last generation, no one benefited from it at all and, therefore, it
can hardly explain any IQ differences within the last generation. It
will not dilute the dominance of genes. Since Factor X is com-
pletely uniform within the present generation, everyone benefits
from it to the same degree and it cannot explain IQ differences
within the present generation. Once again, the dominance of
genes will be unchallenged. Therefore, twin studies could show
that genes explain 100 percent of IQ differences within genera-
tions, and yet, environment might explain 100 percent of the
average IQ difference between generations.

However, Lewontin offers us a poisoned apple. History has
not experimented with the last two generations as we might
experiment with plants in a laboratory. Consider the kind of fac-
tors that might explain massive IQ gains, such as better nutrition,
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more education, more liberal parenting, and the slow spread of the
scientific ethos. It is quite unreal to imagine any of these affecting
two generations with uniformity. Certainly, everyone was not
badly nourished in the last generation, everyone well nourished
at present; everyone without secondary school in the last gener-
ation, everyone a graduate at present; everyone raised tradition-
ally in the last generation, everyone raised liberally at present;
everyone bereft of the scientific ethos in the last generation, every-
one permeated with it at present. If the only solution to our para-
dox is to posit a Factor X or a collection of such, it seems even more
baffling than before. We should shut this particular door as fol-
lows: a solution is plausible only if it does not posit a Factor X.

Seven years ago, William Dickens of the Brookings
Institution decided to do some modeling of his own and asked
my help in applying it to real-world situations (Dickens & Flynn,
20014, 2001b). We believe that it solves the identical twins paradox
without positing a Factor X. It makes an assumption that may seem
commonplace but which has profound implications, namely, that
those who have an advantage for a particular trait will become
matched with superior environments for that trait.

Recall studies of identical twins separated at birth and
reared by different families. When they grow up, they are very
similar and this is supposed to be due solely to the fact that they
have identical genes. But for that to be true, they must not be
atypically similar in environment; indeed, the assumption is that
they have no more environment in common than randomly
selected individuals. To show how unlikely this is, let us look at
the life history of a pair of identical twins.

John and Joe are separated at birth. Both live in an area (a
place like the state of Indiana) that is basketball-mad. Their iden-
tical genes make them both taller and quicker than average to the
same degree. John goes to school in one city, plays basketball a bit
better on the playground, enjoys it more, practices more than
most, catches the eye of the grade-school coach, plays on a team,
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goes on to play in high school where he gets really professional
coaching. Joe goes to school in a city a hundred miles away.
However, precisely because his genes are identical to John’s, pre-
cisely because he is taller and quicker than average to exactly the
same degree, he is likely to have a very similar life history. After
all, this is an area in which no talent for basketball is likely to go
unnoticed.

On the other hand, Mark and Allen have identical genes
that make them both a bit shorter and stodgier than average. They
too are separated and go to different schools. However, they too
have similar basketball life histories except, in their case, both
play very little, develop few skills, and become mainly spectators.

In other words, genetic advantages that may have been
quite modest at birth have a huge effect on eventual basketball
skills by getting matched with better environments - and genes
thereby get credit for the potency of powerful environmental
factors, such as more practice, team play, professional coaching.
Itis not difficult to apply the analogy to IQ. One child is born with a
slightly better brain than another. Which of them will tend to like
school, be encouraged, start haunting the library, get into top-
stream classes, and attend university? And if that child has a
separated identical twin that has much the same academic history,
what will account for their similar adult IQs? Not identical genes
alone - the ability of those identical genes to co-opt environments
of similar quality will be the missing piece of the puzzle.

Note that genes have profited from seizing control of a
powerful instrument that multiplies causal potency, namely, feed-
back loops that operate between performance and its environment.
A gene-caused performance advantage causes a more-homework-
done environment, the latter magnifies the academic perform-
ance advantage, which upgrades the environment further by
entry into a top stream, which magnifies the performance advan-
tage once again, which gets access to a good university environ-
ment. Since these feedback loops so much influence the fate of
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individuals throughout their life histories, the Dickens/Flynn
model calls them “individual multipliers.”

Understanding how genes gain dominance over environ-
ment in kinship studies provides the key to how environment
emerges with huge potency between generations. There must be
persistent environmental factors that bridge the generations; and
those factors must seize control of a powerful instrument that
multiplies their causal potency.

The industrial revolution has persisted for 200 years and it
affects every aspect of our lives. For example, look at what the
industrial revolution did to basketball by the invention of TV. It
gave basketball a mass audience and it increased the pay a profes-
sional player could expect. Basketball also had the advantage that
ghetto blacks without access to playing fields could play it on a
small concrete court. Wider and keener participation raised the
general skill level: you had to shoot more and more accurately to
excel. That higher average performance fed back into play: those
who learned to shoot with either hand became the best - and then
they became the norm - which meant you had to be able to pass
with either hand to excel - and then that became the norm - and so
forth. Every escalation of the average population performance
raised individual performance, which escalated the average per-
formance further, and you get a huge escalation of basketball
skills in a single generation.

The advent of TV set into motion a new set of feedback
loops that revolutionized the game. To distinguish these society-
driven feedback loops from those gene-driven feedback loops that
favor one individual over another, Dickens and Flynn call them
“the social multiplier.” Its essence is that rising average perform-
ance becomes a potent causal factor in its own right. The concept
applies equally well to IQ gains over time.

The industrial revolution is both the child of the scientific
revolution and the parent of the spread of the scientific worldview.
It has changed every aspect of our lives. It demands and rewards
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additional years of education. When a grade-school education
became the norm, everyone with middle-class aspirations wanted
a high-school diploma. When their efforts made a high-school
diploma the norm, everyone began to want a B.A. Economic pro-
gress creates new expectations about parents stimulating chil-
dren, highly paid professional jobs in which we are expected to
think for ourselves, more cognitively demanding leisure activities.
No one wants to seem deficient as a parent, unsuited for promo-
tion, boring as a companion. Everyone responds to the new milieu
by enhancing their performance, which pushes the average
higher, so they respond to that new average, which pushes the
average higher still. You get a huge escalation of cognitive skills in
a single generation.

So now, everything is clear. Within a generation, genetic
differences drive feedback processes - genes use individual multi-
pliers to determine and magnify IQ differences between individu-
als. Between generations, environmental trends drive feedback
processes - environment uses social multipliers to raise the aver-
age IQ over time. Twin studies, despite their evidence for feeble
environmental factors, and IQ trends over time, despite their
revelation of potent environmental factors, present no paradox.
What dominates depends on what seizes control of powerful mul-
tipliers. Without the concept of multipliers, all is confusion. There
is nothing more certain than this. If twin studies of basketball
were done, they would show the separated twins growing up
with very similar skills. And Jensen’s mathematics would “show”
that environment was far too weak to cause massive gains in
basketball performance over time. Which is to say we would
demonstrate the impossibility of what we know to be true.

Best of all, our solution posits no Factor X. Nothing said
assumes that social changes from one time to another were uni-
form in their impact on individuals. Better education, better
parent-child relationships, better work, better leisure, all may
raise the quality of the range of environments available from one
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generation to another. But the magnitude of the differences
between quality of environments from best to worse can remain
the same. Genetic differences between individuals can continue to
match people with better or worse environments to the same
degree they always did. Even though slam dunks and passing
behind the back become common, being tall and quick will still
co-opt a better basketball environment. Even though people in
general get better at solving intellectually demanding problems,
being born with a bit better brain will still co-opt a better than
average school environment. In a word, the operation of social
multipliers over time does not abolish the operation of individual
multipliers in the life histories of individuals.

IQ gains and the real world

At one time, I was blind to the real-world significance of IQ
gains because I was under the spell of g. I kept looking for general
intelligence gains and could not find them. I could not see the trees
because I was looking for a forest.

Eventually, I came to see that piecemeal gains do not lose
their real-world significance simply because there are not gains
everywhere. Indeed, if trends that show no gains are significant, it
follows logically that trends that do show gains are significant. If
failure to make progress on the Vocabulary and Information sub-
tests of the WISC illuminates why high-school seniors are no
better at reading serious literature, then huge gains on Raven’s
and Similarities must mean something. Why should some subtests
of the WISC have real-world significance and not others?

I think that I have made a strong case that IQ gains show an
enhanced real-world capacity to view the world through scientific
spectacles. I believe I can show that this has enormous potential to
alter human cognition. Take that claim as a promissory note that
I will redeem in Chapter 7. IQ gains also show that we can attack
abstract and visual-symbolic problems more successfully and that
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we are better at on-the-spot problem solving on tasks removed
from concrete reality. The concept of reciprocal causality is liber-
ating in this context: if an activity causes a rise in a cognitive skill,
then that enhanced cognitive skill must be a prerequisite for
performing that activity.

Schooler shows (1998) that professional work roles
enhance our ability to be innovative. They could hardly do that
unless innovation was necessary to perform professional duties;
and since society needs more and more people to do managerial
and technical and professional jobs, gains in the ability to think on
the spot rather than just following a rule book have social signifi-
cance. A study by Leong, Hartung, Goh, and Gaylor (2001) suggests
that first-born children tend to have more cognitive and analytic
interests, while later-borns are more artistic and oriented to the
outdoors. Since middle-class mores and aspirations have reduced
family size, a higher percentage of children are first-born and are
going to have more cognitive and analytic interests. If that is so,
enhanced cognitive skills become a prerequisite for performing
like a good parent. Parents will have to take their children’s “hypo-
thetical” questions seriously, that is, answer rather than dismiss
the eternal string of “whys” to which children are prone.

Then there is the world of leisure. Greenfield (1998) argues
that video games, popular electronic games, and computer appli-
cations cause enhanced problem solving in visual and symbolic
contexts; if that is so, that kind of enhanced problem solving is
necessary if we are to fully enjoy our leisure. Johnson (2005) points
to the cognitive demands of video games, for example, the spatial
geometry of Tetris, the engineering riddles of Myst, and the map-
ping of Grand Theft Auto.

However, Johnson’s most important contribution is his
analysis of television. TV aims at a mass audience and, therefore,
its level of cognitive complexity is based on an estimate of what
the average person can assimilate. Johnson shows convincingly
that today’s popular TV programs make unprecedented cognitive
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demands. The popular shows of a generation ago, such as I love Lucy
and Dragnet and Starsky and Hutch, were simplistic requiring virtu-
ally no concentration to follow. Beginning in 1981 with Hill Street
Blues, single-episode drama began to be replaced with dramas that
wove together as many as ten threads into the plot line. A recent
episode of the hit drama 24 connected the lives of twenty-one
characters, each with a distinct story.

Howard (1999) uses traditional games as an informal mea-
sure of cognitive gains. He anticipated the potency of the social
multiplier. He speaks of “cascading feed-back loops”: more people
want to play chess, the average skill rises, chess clubs form, coach-
ing and chess books improve with rising demand, so you have even
better average performance, and so on. He evidences the trend
toward enhanced skills by documenting the decline in the age of
chess grandmasters. There is no doubt that the standard of play
in chess tournaments has risen (Nunn, 1999). Howard makes the
same case, although the evidence is less compelling, for feedback
loops in other leisure activities that are cognitively demanding
such as playing bridge and Go.

Remembering numbers

This account of factors that are good candidates for the role
of cause in explaining IQ trends over time is by no means exhaus-
tive. There are other cognitive skills I did not intend to include
because my hypotheses as to causes are purely speculative rather
than semi-speculative. Nonetheless, I will now discuss them.

We have little on memory trends over time. Until recently,
the Digit Span subtest was not one of the ten core subtests of the
WISC, but what data exist show almost no gain from 1972 to 2002
(see Appendix I, Table 1). This test measures not only rote memory
but also working memory. After digits are read out in a random
order, subjects repeat as many as they can (Digit Span forward);
after another series is read out, subjects try to put as many as they
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can in reverse order (Digit Span backward). Perhaps society has not
improved this cognitive skill because we need no greater store of
memories and no greater ability to reorder memories when we
deal with the world today than we did thirty years ago. Memory is
such a fundamental asset I see no reason why it should not have
been at a high level a century ago. A society could reorder its
priorities in a strange way, of course, and give immense prizes
for feats of memory.

But note that Digit Span has to do with memory of num-
bers and that kind of memory may be a law unto itself. Even in
1900, there were telephone numbers and street addresses and
numbered playing cards, so the demands made on number mem-
ory may have been constant over the past century. Hoosain (1991)
makes one wonder if there is not some quasi-physiological limit on
number memory that bridges time and space. For example,
Chinese children do better on Digit Span forward than English
children. Hoosain found that this was entirely a matter of how
many digits you could say at normal speed in a given time in the
two languages. The pronunciation of the number words for one to
nine in Chinese takes on average about 80 percent of the time it
does in English. And English children remember only 8o percent
as many digits after they have been read out. In other words, both
races can remember as many numbers as the examiner reads out
over the same period of time, that is, about two or three seconds
(see Box 5).

Even more impressive, children fluent in both English and
Chinese do only 8o percent as well when given Digit Span in
English as they do when it is administered in Chinese. This issues
a warning to those who make cross-cultural comparisons without
making a functional analysis of what is going on. This admonition
will take on added significance when we come to elementary
cognitive tasks such as Reaction Times.

Two WISC subtests are designed to measure the speed with
which we can process information. Coding and Symbol Search
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Box 5

Hoosain (1991, pp. 64-66) presents preliminary data which show
that the time span for recalling numbers is similar for English,
Welsh, Chinese, Spanish, Hebrew, and Arabic. He presents better
data for three dialects of Chinese and English. Note that the ratio
of numbers recalled virtually matches the ratio between the
number of English number words and the number of Chinese
number words that it is normal to read out per unit time. In other
words, fewer English number words are read out per second and
English subjects recall fewer words after they are read out:

English/Cantonese:  0.844 (time) — (DS forward) —
English/Mandarin: 0.770 (time) 0.783 (DS forward) adult
English/Putonghua: 0.800 (time) 0.854 (DS forward) ages 4-6

made substantial gains equivalent to 4.75 IQ points in the brief
period from 1989 to 2002 (see Appendix I, Table 1). Symbol Search
became a core subtest only recently and, therefore, the supporting
data are less extensive than in the case of Coding. Perhaps the
speeded-up tempo of events on visual media like TV is condition-
ing people and, therefore, having some effect on the speed with
which they can absorb information.

From solutions to new problems

Whatever explanations we offer for cognitive trends over
time, we must not allow factor analysis to make us think about
intelligence in a way we would find odd in any other area. The fact
that good people tend to be both generous and tolerant would not
blind us to the significance of trends that pick and choose from
among the virtues. Thanks to declining racial bias over time, the
present generation might be more tolerant and yet, thanks to no
decline in materialism, no more generous. America would still be a
better place for blacks. The fact that musical people tend to be
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superior at both the piano and the drums would not blind us to
trends that favor one instrument over another. Thanks to more
interest in pop music, the standard of drumming might rise and
thanks to no more interest in classical music, piano expertise
might not increase. America would still be a better place for
those who like pop music.

Fortunately, there is in fact enough interest in classical
music among an elite to motivate those who play to improve their
skills. But there is no reason to think that performances on various
instruments are being enhanced in accord with their g loadings.

This chapter is my best shot at resolving the paradoxes
that have bedeviled the phenomenon of massive IQ gains over
time. If my solutions are correct, they imply a new approach to
the study of human intelligence. The best way to introduce that
approach is to present a critique of a current theory of intelligence
based on something by now familiar: the concept of g.

47
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We cannot avoid the problems raised by the concept of a uni-
versal good. Naturally, we are reluctant because it was invented
by friends of ours, but for a philosopher . .. an even better
friend must be the truth.

(Aristotle, Ethics, i, 6, 1096a, 11-16)

Theory is not as exciting as trying to capture the thinking of our
ancestors. General readers may find that this chapter takes some
pondering. I believe it is worth the effort. Among other things, it
gives my views on what will advance our knowledge of intelli-
gence. There is a section on how a chimpanzee defeats humans
on an important cognitive task. Have faith: later on we will be
discussing things like how people can enhance their mental abilit-
ies (the advice is pretty common sense but worth taking), the fate
of convicts on death row, and whether we can achieve the wisdom
needed to cope with the problems of the twenty-first century.

I am going to stress the limitations of g but feel a certain
reluctance to do so. Arthur Jensen has done brilliant work in
exploiting its potential, and virtually everything I have done in
psychology has been a response to problems and challenges posed
by Jensen. His theory has a great beauty rather like that of Plato’s
theory of Forms. But I am now convinced that we must transcend a
g-ocentric approach to make further progress.

The difficulty with g is dual. It confuses the problem of
providing a definition of intelligence because any attempt at a
definition looks pallid by comparison. Moreover, its natural
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kingdom is the level of individual differences and its adherents
tend to treat the social and physiological dimensions of intelli-
gence as territory to be explored mainly because they might
enhance the significance of g. I believe we need a BIDS approach
to intelligence: one that treats the brain, individual differences,
and social trends as having equal integrity and attempts to integ-
rate what they tell us into a coherent whole. The three levels are
interrelated and each has the right to propose hypotheses about
what ought to happen on another level.
That said, I will undertake the following tasks:

(1) Solve the problem of defining intelligence.

(2) Introduce the BIDS approach: its three levels and their
dominant concepts.

(3) Defend the integrity of the three levels against conceptual
imperialism.

(4) Give some examples of cross-fertilization between the
levels.

(5) Assess whether g poses interesting hypotheses on the
brain physiology level.

(6) Assess proposals to supplement g with other constructs on
the individual differences level.

(7) Give some advice to those who design IQ tests.

Intelligence and celestial influence

Jensen (1972, p. 76) wrote one passage in which he said
that “intelligence, by definition, is what intelligence tests meas-
ure.” This is called instrumentalism, or defining what you are
trying to measure by referring to the readings of the measuring
instrument, and it is subject to devastating critique. If intelligence
is what current IQ tests measure, we could never invent a better IQ
test because the new test, by definition, would be a departure from
what measures intelligence.
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Actually, Jensen was never that naive. In 1979, he wrote a
brilliant paper distinguishing intelligence from both learning and
memory. He imagined Robinson Crusoe alone on his island strugg-
ling to survive. Crusoe would forget things and, therefore, have the
concept of memory. He would acquire new skills and, therefore,
have the concept of learning. However, it would only be when his
man Friday arrived and learned those skills faster and better than
he had learned them that he would develop the concept of intelli-
gence (Jensen, 1979).

Unfortunately, some eight years ago, Jensen (1998) aban-
doned this start toward a definition of intelligence in favor of
vowing never to use the word. He had become disgusted with
intelligence: it had no precision and attracted no consensus. It
could not measure up to the scientific construct called g: the latter
was precise, measurable, and enormously fruitful.

Jensen did not, of course, stick to his resolve. He reports
Garber’s attempt to multiply intelligences by pinning the word on
tests of musical ability, body-kinesthetic skills, and personal skills.
As Jensen says, this sort of thing is no more sensible than calling
chess an athletic skill. But why is that so: one pushes the pieces
across the board? It is because when the chips are down, he intro-
duces a distinction between “mental abilities” and “physical abil-
ities” (Jensen, 1998, pp. 52-53). On occasion he lapses into his old
wording. For example he says that “intelligence” predicts the rate
and quality and limits of learning (Jensen, 1998, pp. 274-275). The
inverted commas surrounding the word do not disguise the fact
that he has had to use it. He even uses a substitute for the Robinson
Crusoe scenario: someone who learns darts faster and better has
more aptitude than someone who learns it slowly and poorly
(Jensen, 1998, p. 95).

Any attempt to avoid defining intelligence is bad faith. The
only reason we can dispense with a clarified concept is that we all
have an unclarified concept in mind. Imagine that Jensen pre-
sented a lecture on g to a Martian and never did use some viable
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substitute for the word “intelligence.” The Martian would ask in
bewilderment, but what kind of a theory is this, is it perhaps a
theory of the tides? When Jensen answered, of course not, it was a
theory abut measuring who learns best and fastest, the Martian
would exclaim: “Oh, you mean it is a theory of intelligence.”

Endless muddling about the definition of intelligence is a
distraction from getting on with the job of theory construction, so
in a sense Jensen’s instincts were sound, but the distraction is not
going to go away until it is exorcized. The best start is to note
Jensen’s reason for abandoning the definitional task: all defini-
tions of intelligence compare badly with the theoretical construct
of g. I will argue that the roles of a pre-theory concept and a post-
theory concept are quite different and that to confuse the two is
fatal. The best example comes from the history of astronomy. It
tells us how the modern pre-theory concept of celestial influence
paved the way for the post-theory concepts of whirlpool, gravity,
and space warping.

Aristotle bequeathed to the West a pre-theory concept of
celestial influence we have now abandoned. That was because it
gave bad advice to astronomical theories. It assumed that heavenly
bodies were “guided” into certain orbits. This engendered a certain
theory. That the Gods loved beauty, that circles were the most
beautiful curve, and that the Gods “pushed” heavenly bodies
into circular orbits. Therefore, theory should try to reduce the
motions of heavenly bodies to circles. Other theories were possible.
A skeptic might want to dispense with the Gods and posit that
forces within planets (like what causes volcanic eruptions) pushed
them through the heavens in a programmed orbit, rather like a
guided missile. This would have had the advantage of leaving open
whether orbits were circles or some other kind of curve, but the
dominance of Ptolemy’s theory of circular motion meant that
other possibilities went unrealized.

In early modern times, there arose a new pre-theory concept
of celestial influence that gave different advice. It posited that the
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size and propinquity of heavenly bodies to one another might well
influence their motions; and noted the central role this would give
the Sun in the solar system. This engendered a number of theories.
Descartes (without evidence) posited that the Sun rotated on its
axis and created a whirlpool that swung the planets around their
orbits. In other words, he gave the pre-theory concept greater
specificity by developing it into a theory-embedded concept;
indeed, he gave it the measurability needed to generate precise
predictions. These were falsified. The trouble could have been with
the pre-theory concept (bad advice) or the peculiar nature of the
theory (wrong mechanics and mathematics).

Newton showed that it was the latter by supplying a better
post-theory concept based on the same pre-theory concept. He
abandoned a whirlpool in favor of gravity. By assuming that bodies
attracted one another proportionately to mass and inversely to
distance squared, his theory gave a wonderful range of non-
falsified predictions. Then a few began to go astray, for example,
telescopes showed Mercury’s actual orbit did not exactly match
the predicted orbit. Einstein gave us an even better post-theory
concept, one still based on the same pre-theory concept of celestial
influence. He abandoned gravity in favor of the propensity of
space-time to curve in the vicinity of mass. The Sun creates a
funnel; and Mercury spins around it with its orbit determined by
the curvature of the funnel at its location.

What can we learn from this? First, pre-theory concepts
are not useless. They give good or bad advice about the direction
theory formation should take. They can be assumed without being
stated, witness the later Jensen, and if a good one is assumed in
sufficient detail, little harm is done - except for the likelihood of
endless debate about defining intelligence. Second, they must
strike a balance; they should be specific enough to offer advice
but general enough to let theory do its job. It is up to theory to
embed the pre-theory concept into a theoretical structure and give
it the specificity to engender predictions precise enough to be
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falsified. It is hardly odd that when Jensen compared the pre-
theory concept of intelligence with the theory-embedded construct
of g, he found the former wanting. He wanted the concept of

intelligence to do the impossible: accomplish what only a theory

can do.

I will now offer a pre-theory concept of intelligence. It

consists of an answer to a question: what traits affect our ability

to solve problems with cognitive content?

(1) Mental acuity: the ability to provide on-the-spot solutions

(3

P

-

to problems we have never encountered before, problems
not solvable by mechanical application of a learned
method, and often requiring us to create alternative solu-
tions from which we must choose.

Habits of mind: the rise of science engendered new habits
of mind of enormous potency. It detached logic and the
hypothetical from the concrete and today we use them to
attack a whole range of new problems. A more mundane
example: ten years ago, I began to do crossword puzzles.
I now do them much better, not because of increased
mental acuity or even larger vocabulary or store of infor-
mation. My usual proclivity with words is to use them to
say what [ want as simply and directly as possible. I had to
modify that habit to imagine secondary meanings, less
literal meanings, reflect whether the clue word was
being “used” as a noun or a verb, and so forth.

Attitudes: these lay the foundation for acquiring habits of
mind. We had to learn to take the taxonomy of science
seriously before we could put on the scientific spectacles
through which we now view the world. We have to take
abstract problem solving seriously before we will do much of
it in our leisure and be adept at it as we enter the test room.
Knowledge and information: the more you have, the more
problems you can attack. You cannot do advanced algebra
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without knowing elementary algebra. You cannot put
knowledge to work without data.

(5) Speed of information processing, whereby one assimilates
new data and the quicker the better if problems must be
solved within time limits.

(6) Memory, whereby one accesses knowledge and
information.

When we speak of intelligence, we sometimes adopt a
narrow usage that focuses on mental acuity, as when we say some-
one is intelligent, even though they are mentally lazy, or ignorant,
or uninformed, or slow, or have a poor memory. The broad usage
refers to all of the above, all of the cognitive traits, habits of mind,
contents of the mind, and attitudes that direct the investment of
mental energy and make us good solvers of cognitively demanding
problems. Clearly there are many other traits that contribute to
cognitive problem solving, for example, physical states like being
healthy, not being deaf, being conscious, and so forth. But to state
everything relevant would be never-ending because it would
encompass the entire universe (living on a planet capable of sus-
taining life).

I think the above definition strikes the right balance. It is
broad enough to allow for cross-cultural variation. Different soci-
eties have different values and attitudes that determine what
cognitive problems are worth the investment of mental energy.
It is also broad enough to allow for all present alternative theories.

The debates about whether a theory that embeds intelli-
gence in the form of g is adequate, or whether g should give way
to a triple concept of analytic-practical-creative intelligence a la
Sternberg, or be supplemented by “emotional intelligence”
ala Goleman, are all embodiments of the same pre-theory concept.
Sternberg argues that measurement of what I have called mental
acuity is incomplete unless it extends to the ability to devise on-
the-spot solutions to real-life problems and the sort of creativity
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that shows a fertile imagination. Goleman argues that character
traits like empathy deserve more emphasis because they greatly
expand the range of problems we can attack.

Is the above definition narrow enough to offer good advice
to those who want to make intelligence measurable and specific?
I believe the record shows that, whether consciously or not, those
who developed the major IQ tests had something like it in mind
and took its advice.

Raven’s Progressive Matrices tries to isolate mental
acuity or intelligence narrow as much as possible from the
other components of intelligence broad. It does this by demand-
ing that the examinee solve cognitively demanding problems on
the spot that require a minimum of learned method, knowledge,
and information. It is supposed to be administered untimed to
minimize the role of speed of information processing and spatial
memory of matrices designs. However, it cannot avoid measur-
ing habits of mind. Note that after people shifted from reasoning
on the concrete to the formal level, Raven’s scores began to rise
dramatically.

As for WISC subtests, Similarities, Block Design, Object
Assembly, Picture Arrangement, and Picture Completion all mea-
sure mental acuity to some degree. Information and Vocabulary
measure what they say. Arithmetic measures learning what
schools teach as mathematics. Comprehension measures under-
standing the mechanics of everyday life. Coding and Symbol
Search measure processing speed. Forward Digit Span isolates
memory from the other components of intelligence broad. My
classification of subtests differs from that offered in the WISC
manuals (Wechsler, 1992, pp. 2, 7, and 187). Theirs is based on
factor analysis, mine on matching test content with functional
mental processes.

I have no illusion that this solution to the problem of
defining intelligence will end debate. But it may do so among
those who really wish to get on with the task of theory construction.
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Three levels and three concepts

Intelligence is important on three levels, namely, brain
physiology, individual differences, and social trends. The core of
a BIDS approach to intelligence is that each of those levels has its
own organizing concept and it is a mistake to impose the architec-
tonic concept of one level on another. I want to stress that the
mere notion of three levels adds nothing to our knowledge of
intelligence. What it does is clarify what kind of research might
lead to greater knowledge. It is not itself a theory in the sense of
making sense of what we observe. It stands between our pre-
theory concept of intelligence and genuine theory, which is to
say that it is an additional piece of advice. The rest of this chapter
is a defense of its probity.

The best analogy I can find from the history of science is
the controversy between Huygens, who championed the wave
theory oflight, and Newton, who held it was a stream of corpuscles
(particles). Much time was wasted before it was realized that light
could act like a wave in certain of its manifestations and like a
steam of particles in other manifestations. We have to realize that
intelligence can act like a highly correlated set of abilities on one
level and like a set of functionally independent abilities on other
levels.

The levels and their organizing concepts:

(1) The brain. Highly localized neural clusters are developed
differentially as a result of specialized cognitive exercise.
There are also important factors that affect all neural
clusters such as blood supply, dopamine as a substance
that render synapses receptive to registering experience,
and the input of the stress-response system. For the
present, I think it important to emphasize specialization
over commonality and will call the brain’s organizing
concept “neural decentralization.”
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(2) Individual differences. Performance differences between
individuals on a wide variety of cognitive tasks are corre-
lated primarily in terms of the cognitive complexity of the
task (fluid g), or the posited cognitive complexity of the
path toward mastery (crystallized g). Information may not
seem to differentiate individuals for intelligence but if two
people have the same opportunity, the better mind is
likely to accumulate a wider range of information. I will
call this concept “general intelligence” or g.

(3) Society. Various real-world cognitive skills show different
trends over time as a result of shifting social priorities.
I'will call this concept “social utility.”

We are a long way from integrating what is known on
these three levels into one body of theory. The best strategy is to
use them to cross-fertilize one another, that is, use one level to
pose hypotheses on another level. This is worthwhile in itself but it
can also lead to a piece of luck, namely, a paradox. It may seem odd
to describe a paradox as lucky, but it is through resolving para-
doxes that we are likely to take steps toward integrating the three
levels. However, when we cross from one level to another, there is
a temptation to be avoided, namely, conceptual imperialism.

Conceptual imperialism

Assume that we are cross-fertilizing between levels. We use
one level to pose a hypothesis on another and want to test that
hypothesis. Conceptual imperialism has an explicit and implicit
form. The explicit form is using the organizing concept of the
“donor” level to assess the truth of the hypothesis on the “recipi-
ent” level. The implicit form is simply ignoring the organizing
concept of the recipient level in testing the hypothesis. Our struggle
to solve our paradoxes affords some good examples because part of
the solution was to shake off the effects of conceptual imperialism.
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Our first paradox arose when we took a result from the
individual differences level, that various cognitive abilities were
highly correlated, and used it to pose a hypothesis on the social
level: if cognitive gains over time are significant, gains on a variety
of abilities ought to mimic their factor loadings. If they do not,
if they are at variance with their g loadings (and with other factor
loadings), they must be “hollow.” Jensen (1998, p. 332) uses this
term. He believes that if IQ gains are caused by social rather
than biological factors, they are non-g gains with little real-world
significance, that is, they signal no enhancement of important
problem-solving abilities. At best, they might signal enhancement
of narrow tasks that are highly test specific. In other words, Jensen
makes no attempt to assess subtest gains in terms of social utility.
Rather than using the organizing concept of the social level to
assess trends on that level, he drags the concept of g across from
the individual differences level and assigns it a job for which it is
unsuited.

Here I will simply remind the reader of all you miss if you
are blinded by g and factor analysis. Factor analysis yields no factor
called “looking at the world through scientific spectacles” or
“freeing logic and the hypothetical from the concrete.” Yet these
have great social significance. Failure to develop larger everyday
vocabularies and funds of information may be “hollow” and test
specific but they affect our ability to interpret and enjoy adult
literature. Indeed, rather than being narrow in their impact, they
affect virtually everything that makes us human. What a pity that
they do not get the blessing of factor analysis. Then we would
know that they really were significant.

Our fourth paradox took another finding from the individ-
ual differences level, that twin studies show genes to be far more
potent than environment in explaining individual differences
in IQ, and posed a hypothesis on the social level: if society
has not enhanced the genetic quality of its population over time,
real cognitive skill gains must be minimal. Here the cultural
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imperialism is implicit rather than explicit. The heritability of
g dominates the search for the causes of IQ gains: they just must
be the result of something like hybrid vigor (which upgrades
genes) or nutrition (which at least upgrades brain physiology
directly). And when something like the Dickens/Flynn model sug-
gests that exogenous environmental factors have affected social
priorities (have triggered social multipliers of various cognitive
abilities), it is greeted with great suspicion. The suspicion is
based on an unstated assumption: that the social level simply
ought to dance to the tune of the individual differences level
rather than have its own rhythm.

Note that the emergence of these two paradoxes was lucky
in the sense that their solutions necessitated models that inte-
grated the individual differences and social levels. My “decathlon
model” is a crude attempt to show how various abilities that are
correlated on the individual differences level (sprints and high
jump) can be functionally distinct on the social level (you can
have progress in the sprints and none in the high jump). The
Dickens/Flynn “basketball model” has been given mathematical
precision but performs the same kind of integrative function.
It shows just how genetically dominated cognitive differences on
the individual differences level turn into environmentally driven
trends on the social level.

Also note that the fact that these hypotheses originated on
the individual differences level is a historical phenomenon. Our
knowledge of what happens on the individual differences level
began to accumulate a century ago, while real knowledge of cog-
nitive trends over time began about twenty-five years ago. If the
latter had antedated the former, the hypotheses would have run in
the other direction: how can environment be so feeble on the
individual differences level; how can performance differences be
so highly correlated on the individual differences level?

The question of whether g has a physiological substratum
is still to be determined but I suspect it does, albeit the depth of
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that substratum may be exaggerated. However, this gives the con-
cept of g no right to conceptual imperialism, that is, g has no right
to assess evidence of what happens in brain physiology. As we
shall see, skills swimming freely of g also have a physiological
substratum. Their degree of autonomy there may be far greater
on the brain level than that normally present on the level of
individual differences.

I suspect that g poses less of a threat of cognitive imperial-
ism on the brain level than on the social level. On the social level,
there is the temptation to classify the unwelcome evidence of IQ
gains over time as an artifact due to test sophistication or cultural
bias. It is hard to imagine anyone using those labels to dismiss
physiological evidence. Therefore, it may be said that [ am ringing
a false alarm. Very well: but surely there is no harm in locking a
room that no reasonable person would want to enter. By way of
excuse, when Blair (2006) put forward his evidence of the auton-
omy of various cognitive skills on the brain level, he received some
scholarly correspondence that revealed g-ocentric tendencies.

Closing a door to conceptual imperialism

There is one door ajar that conceptual imperialism might
sneak through. We have seen that IQ gains over time are not factor
invariant, which is to say that gains on the various WISC subtests
do not match their factor loadings and, most important, do not
match their g loadings. It may seem self-evident that, whatever
social significance various skill gains over time may have, they
cannot be g gains. And yet, Dickens and Flynn (2006) have shown
that this is not so: black Americans gained 5.5 IQ points on white
Americans between 1972 and 2002; the gains were not factor invar-
iant; and yet the g gap between black and white Americans closed
by the equivalent of 5.13 points. How is that possible?

The simplest answer is that if one group really could not
make g gains on another, they would be incapable of making
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gains on cognitive tasks that have heavy g loadings. We have
already seen that the present generation has made huge gains
compared to the last on Raven’s, perhaps the test with the high-
est g loading of them all. There is no evidence that the test
was drained of its normal cognitive complexity by being taught
and the items thereby reduced to a measure of rote memory.
There is no evidence that the gains are a matter of growing test
sophistication or cultural bias. Therefore, if a group can make
gains on a test like Raven’s, and all of the WISC subtests that
are heavily g loaded, the group is capable of making g gains. The
mere fact that the pattern of gains does not correlate with the
differential g loadings of the subtests will not make the gains
go away - unless you are tempted by conceptual imperialism and
say that the gains just cannot be gains in terms of cognitive
complexity.

We should keep in mind why g has a claim to be a theory-
embedded concept of intelligence. The greater the g loading, the
greater the cognitive complexity of the task: making a soufflé has
a higher g loading than scrambling eggs. If it were the reverse, if
g rose to the extent a task was simple and automatic, we would
dismiss it as an index of regurgitation of memorized material or
skills. Now imagine that score gains on all of the WISC subtests
were three times as great as they are. They would still have the
same pattern, that is, they would still flunk the test of factor
invariance and not qualify as g gains against that criterion. But
could we dismiss the enhancement of performance on so many
cognitively complex tasks? Whatever factor analysis might say,
they would have captured the essence of g.

If the above analysis holds true for the gains of one gen-
eration compared to another, it can hold true for black gains on
white. However, to avoid reception of the approach to intelligence
presented herein being derailed by those who care only about race
and IQ - look what happened to the Bell Curve - I shall shift from a
racial example to one less likely to arouse strong emotion. Imagine
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there were two groups genetically equal in their potential for
hearing:

(1) Group A has a less favorable environment than Group B
because far more of them work in factories where the
noise level damages hearing. It damages it more as you
go from low to high-pitched sounds.

(2) We have a hearing test with four subtests: traffic noise,
alarm clocks, conversation, and music. Each has a differ-
ent pitch loading running from lower to higher in the
order listed.

(3) The hearing aid is invented. Group A benefits dispropor-
tionately because, of course, more of them suffer from
hearing loss and try to get one. However, the hearing
aids are not quite as good at allowing you to pick up
high-pitched sounds.

(4) Weighting the four subtests equally gives HQ (hearing
quotient). Thanks to hearing aids, Group A has made up
5.5 points (SD=15) of its hearing deficit on Group B.
However, subtest by subtest, its gains are very slightly in
reverse order in terms of pitch loadings. Therefore, they do
not match the pitch hierarchy and are not pitch invariant.

(5) We weight the various subtests in terms of their pitch
loadings (music gets more weight than traffic noise) and
derive a PQ (pitch quotient).

(6) This shows that Group A has made up 5.13 points on
Group B in terms of PQ, almost as much as it did in
terms of HQ.

Well, there is nothing mysterious about this. Group A
made big gains on Group B on all four subtests. The gains run
counter to the pitch loadings but this is mitigated by two factors:
the pitch differentials between the subtests are small; the discrim-
ination against high pitch by the hearing aids is also small.
Therefore, when the gains are converted from HQ to PQ by
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weighting the subtests, the fact that the gains were not factor
invariant makes little difference: “anti-pitch” gains convert into
pitch gains that are almost as large as the hearing gains. This
scenario implies that to reach pitch quotient parity, Group A
would have to attain a small hearing quotient advantage. It is
unlikely that hearings aids would ever do this because they
would have to somehow favor Group A: they would have to allow
Group A to hear high-pitched sounds as well as Group B and low-
pitched sounds better.

Hearing aids have not addressed the root cause of the
hearing gap. Group A are still disproportionately in factory work,
something that damages hearing differentially in terms of pitch.
The only way to address the root cause would be to close the
occupational gap between the groups, so that they both had the
same percentage in white-collar and blue-collar jobs. And that
might happen: thanks to better hearing and getting more out of
school, Group A might actually get more white-collar jobs. At last,
the root cause would be addressed and the pitch gap would dis-
appear without the need for HQ superiority.

Cross-fertilization between levels

I should made it clear that many hypotheses from the
individual differences level to the social level pose no paradoxes
and have proved fruitful. The Bell Curve uses the g-ocentric theory
of individual differences to analysis social trends. Without endors-
ing that analysis wholesale - for example, I consider the meritoc-
racy thesis to be incoherent (Flynn, 2000a) - some things are
clearly true. If most of a group is below the IQ or g threshold
needed to qualify for professional, managerial, or technical jobs,
it is likely to have few of its members in those jobs. If high IQ
engenders attitudes and assets that make marriage more attrac-
tive, high-IQ mothers are less likely to have illegitimate children
than low-IQ mothers.
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These predictions have to be qualified in the light of other
social factors. When white and black women are matched for IQ,
far more of the latter are still solo-mothers, so other potent social
forces must be at work. Flynn and Dickens (under review) argue
that a worse marriage market within the black community is one
of the missing factors. As for occupational thresholds, Flynn
(1991a) showed that thanks to peculiar character traits, Chinese
Americans could overcome the usual IQ thresholds for professions
to a surprising degree, that is, their occupational profile fosters the
illusion of a group with a mean IQ far above their actual mean.

Thus far we have neglected the level of brain physiology.
The Dickens/Flynn model assumes that the brain behaves much
like our muscles. It assumes that current environment has large
effects on cognitive skills and that those skills atrophy with disuse.
That poses the hypothesis that brain physiology should show the
beneficial effects of current cognitive exercise throughout life.

Cohen (2005) compares the brains of younger and older
adults and notes that people are often in their early fifties before
dendrites reach their greatest number and complexity. No matter
what their age, people must not give up mental exercise. Andel
et al. (2zo005) found that people engaged in cognitively complex
occupations are protected to some extent against the risk of
dementia and Alzheimer’s. Melton (2005) describes the dramatic
case of Richard Wetherill. He played chess in retirement and could
think eight moves ahead. In 2001, he was alarmed because he
could only think four moves ahead and took a battery of tests
designed to spot early dementia. He passed them all easily and
continued an active mental life until his death in 2003. Autopsy
showed that his brain was riddled with the plaques and tangles
that are characteristic of Alzheimer’s. Most people would have
been reduced to a state of total confusion.

I do not wish to raise false hopes: note that Wetherill’s high
level of cognitive exercise did not keep his cognitive abilities from
declining with age. The hypothesis posed by the Dickens/Flynn
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model can be made more explicit: the benefit from cognitive
exercise will hold for all ages; and the benefit will not be lessened
because the exercise regime is postponed until later life. This does
not deny the fact that the aging brain causes everyone’s perform-
ance to decline. The active mind will perform better than the inac-
tive mind at 20; the former will still be much the same amount
above the latter at 60; but both will decline in tandem from 20 to
60. Hold fast to the image of the brain as a muscle. At any age, an
athlete is better off for training; but however hard you train, your
times will get slower as you age (Salthouse, 2006).

Another cross-level hypothesis: social trends show that
various cognitive skills are largely functionally independent of
one another; therefore, the same must be true on the physiological
level. If one neural area was developed in precisely the same way
both when we do arithmetical reasoning exercise and when we do
Raven’s exercise, then progress on one would entail progress on
the other.

This prompts a critical approach to MRI (magnetic reso-
nance imaging) findings that the “same area” of the brain lights
up when we do any kind of abstract reasoning. First, we cannot
as yet distinguish between whether lighting up means that the
area is being activated or whether it means that the area is being
inhibited. Second, other physiological knowledge suggests that
“areas” are too crude and miss highly specialized structures
more subtle than areas. You use your arms and your legs when
both swimming and running, but the two exercises have subtle
effects on the muscles so that they do not reinforce one another.
Before we can claim to know much, it looks as if we will actually
need a “picture” of small clusters of neurons and the dendrites
that connect them being strengthened by certain kinds of mental
exercise. Even the science of sports physiology is not that far
advanced on the neural level, that is, it cannot really give a differ-
ential picture of how the brain is behaving when we are running
and hurdling.
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The strictures of g do not apply on the brain level. If the
emerging picture of brain physiology was that of an organ so
structured that no one cognitive ability could be enhanced without
enhancing others, then factor analysis and g would have stumbled
on to the brain’s organizational plan. As Clancy Blair (2006) shows,
the brain is not like that (see Box 6). He took advantage of the fact
that brain pathology provides experimental conditions no one
could justify if provided by human intervention. Trauma, meta-
bolic disorders, and unusual stress affect certain areas of the brain
more than others. Blair found that subjects thus affected were not
handicapped for all mental abilities, rather their brains were suffi-
ciently decentralized so that they could pick and choose from the
bundle of cognitive abilities wrapped up together by g. Damage to
the pre-fontal cortex (see Figure 2) vetoed a normal level of on-the-
spot problem-solving ability while, at the same time, undamaged
areas fostered normal levels of other cognitive abilities. In other
words, the brain can unravel g into its component parts.

It has long been known that certain neurons spray dopa-
mine in the area surrounding them rather like a sprinkler. Any

Box 6

Blair (2006) summarizes his analysis of the physiological liter-
ature as follows:

The association between fluid function and general
intelligence is limited in ways that are important for
understanding the development of cognitive compe-
tence ... The limits of the association between fluid cog-
nition and general intelligence may be most pronounced
in populations in which specific environmental and/or
genetic background factors are distinct from those of
normative or typically developing populations. These
instances help to “pull apart” fluid cognition and g.
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Figure 2 The prefrontal cortex is an area associated with fluid
cognition or on-the-spot problem solving. Blair found cases in which
there was damage to this area and, of course, fluid cognition was
impaired. But other skills like Information, Vocabulary, and
Comprehension were not. The hippocampus is associated with
spatial orientation. Maguire found it enlarged in the brains of taxi
drivers.

synapses in the vicinity that have recently been active, that is, have
had information passing across them, will react to the dopamine
and be strengthened. Strengthening a particular web of synapses
means that it will be easier in the future to fire off those neurons
and thus reproduce the same pattern of activity.

Maguire et al. (2000) found that the brains of London taxi
drivers were peculiar. They have an enlarged hippocampus (see
Figure 2) which is the brain area used for navigating three-
dimensional space. Here we see spatial abilities being developed
without comparable development of other cognitive skills. To
develop a wide variety of cognitive skills you need a wide variety
of exercise. It will be interesting when someone assesses the effects
of Kawashima’s brain-training regime. A variety of mini-games
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include solving simple math problems, counting people going in
and out of a house, drawing pictures on the Nintendo DS touch
screen, and reading classical literature aloud into a microphone
(Kawashima & Matsuyama, 2005).

None of this denies that g may have some basis in brain
physiology. No doubt, natural selection has favored genetic
upgrading of the primate brain over time and some people will
have better genes for overall brain potential than others. Perhaps,
right from conception, they have synapses that react more
strongly to dopamine and, therefore, learn faster from repeated
use. Blair (2006) emphasizes that cognition is linked to brain
structures that underlie emotional reactions and stress. He
presents ample evidence that physical trauma to these structures
and early childhood emotional trauma, such as chronic neglect,
can undermine an individual’s problem-solving skills.

There are less dramatic environmental factors that cause
individual differences in brain quality, such as nutrition and
aerobic exercise. Cohen (2005) cites evidence that rhythmic use
of large muscle groups stimulates the production of chemicals
that, in turn, cause primitive brain cells to develop into neurons.
It increases the number of connections in the frontal part of the
brain, perhaps by increasing the networks of fine blood vessels in
those regions. Good nutrition helps the entire body but there is
some evidence that fish, olive oil, citrus fruits, and vegetables,
combined with avoidance of saturated fat, is particularly benefi-
cial to the brain (Melton, 2005). This too may be the result of
improved blood supply to the brain.

Blair and Maguire show that functional autonomy in the
brain seems to match the functional autonomy various mental
skills exhibited in IQ gains over time. On both levels, on-the-spot
problem-solving skills are relatively independent of the kind of
crystallized skills exhibited in vocabulary, general information,
and arithmetic. Therefore, no paradox appears to be looming
when we move from the social to the brain levels. Imagine our
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concern if brain physiology showed that what happens on the
social level, namely, various cognitive skills swimming freely of
g, was impossible. But is the absence of a paradox a good thing?
A