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soluble within the time that the subjects had to
play them. The performance differences arose be-
cause some subjects hit on good settings by chance
and other subjects were not so lucky. When the
games were modified to be more cognitively pene-
trable, a substantal correlation was observed be-
tween individuals’ test intelligence and - their
purported management ability (Purz-Osterloh &
Liier, 19815 but see Berry & Broadbent, 1987).

Individual differences in managerial ability may
exist, but they cannot be adequately measured with
these factory games and they are unlikely to be to-
tally divorced from test intelligence. Nor are they
likely to be commensurate with individual differ-
ences in horserace betting ability that were un-
carthed by another remarkable study of practical
intelligence (Ceci & Liker, 1986). The wide range of
practical abilitics that have been looked into are not
easy to subsume within one practical intelligence
disposition, nor are they easy to separate from spe-
cial abilities or, indeed, acquired expertise (Stern-
berg et al., 20005 Sternberg & Grigorenko, 2002).

It is nevertheless widely accepred that there are
a number of special intellecrual abilities, such as
verbal, spatial, or mathematical, that are at least
partially independent of general intelligence. In-
deed, many intelligence tests, as, for example, the
Binet and Wechsler tests, include a proportion of
items that tap some of these special abilities
(Lohman, 2000). But, the assessment of these abili-
ties often requires special instruments: Musical
ability, for example, because it is not properly mea-
surable with a paper-and-pencil test alone, requires
an additional tape recorder. Further on this theme,
although developers of intelligence tests recognized
carly the desirability of including an assessment of
the creative abilities of individuals, a reliable mea-
sure of this competence, beyond a fraction that is
alrecady represented in the general intelligence
score, has proved eclusive (Glover, Ronning, &
Reynolds, 1989).

The term abilities that is habitually used, re-
flects a persisting doubt as to whether all these
competencies refer to true separate intelligences or
are merely special skills chat are in addition to a
core intelligence gift. The possession of absolute
auditory pitch perception, for example, may be
considered significant for musical ability but would
be hardly considered an element of general intelli-
gence (Rae & McAnulty, 1995; Zatorre, 2005).
The fact that brain imaging studies reveal differ-
ent areas being activated by tasks associated with

various cognitive abilities suggests thar there may
be different intelligences. Nevertheless, all of them
may be modulated by variations in elementary ney-
ronal functions that have to do with general intelli-
gence (Houdé & Tzourio-Mazoyer, 20035 Murphy,
2003). Although the existence of several scpnr;n‘c.
modular intelligences instead of a single, molar in-
telligence has often been promoted (M. Anderson,
1998; Ceci, Nightingale, & Baker, 1993), this no-
tion has just as often been denied (Gerrans, 2002,
Neubauer & Bucik, 19965 Petrill, 2002).

General Intelligence

Regardless of how one views it, there appears to be
a general quality, conventionally called g, that is at
the base of all human intellectual abilities (Detter-
man, 2000; Jensen, 2000). What is more, there are
batteries of psychometric tests that measure it quite
well. Norte, however, that the tests are necessarily
limited to tapping cognitive processes that can he
demonstrated within a relatively short time span,
that is, within the time frame of the tests. For ex-
ample, it is typical to perceive a person’s poor ca-
pacities in retaining episodic events over periods of
a few days to several months as reflecting low intel-
ligence. But it should be noted that the correlation
between measures of carlier occurring episodic
events and standard intelligence test scores s
rather weak (Alexander & Smales, 1997). Tests
that would measure cognitive competencies over
longer periods of time are plainly unwiceldy.
Standard intelligence tests are specially designed
to avoid the influence of special expertise, such as
can be provided by relevant episodic or indeed pro-
cedural memories. Of course, there are also sepa-
rate tests designed to measure the expertise that
people like aircraft pilots or computer program-
mers may or may not have. A more interesting
kind of test would be one that would measure the
individual potential for the acquisition of any cog-
nitive expertise rather than the actual possession of
a particular expertise. This test would come close
to the comparative assessment of the learning-to-
learn capabilities of species described in the earlier
section on animal intelligence. Note, however, that
the capacity for higher-level learning in humans, if
it were possible to reliably measure such a thing,
would be unlikely to be totally divorced from
short-term cognitive processing ability, the capacity
that standard intelligence tests tend to assess.

Research into how people solve intelligence-test
items, such as those shown in figure 28.1, has re-
vealed that they mainly challenge the working
memory system (Baddeley, 1986; Logie & Della
Sala, 2001). This mechanism apparently consists of
two kinds of short-term memory: one dedicated to
storing auditory-verbal (phonological) information
and another dedicated to storing visuospatial infor-
mation over time spans lasting several seconds to
several minutes. Both of these stores have quite a
limited capacity as captured by the statement that
they can hold no more than about 722 chunks of

information at a given time. The access to these
buffers and the processing of their contents is con-
trolled by a central executive mechanism. This
agency is conceived as a serially operating device
that is in some ways similar to the central processor
of a computer. There is evidence that this working
memory device plans and guides the course of our
ongoing, conscious behavior, but probably not the
execution of more automated activities, the details
of which we are largely unaware.

The neural networks that constitute working
memory secem to be mainly located in the pre-
frontal cortex. In monkeys, lesions in this arca im-
pair the performance of tasks that require
short-term information retention (Fuster, 1989).
Morcover, clectrophysiological recordings reveal
neurons with response characteristics that are con-
gruent with working memory functions (Funahashi
& Kubota, 1994; Wallis, Anderson, & Miller,
2001). In humans, brain imaging procedures con-
sistently reveal that the prefrontal cortex is acti-
vated by mental tasks that resemble intelligence
tests items (D'Esposito et al., 1995; see also Koech-
lin, Basso, Pietrini, Panzer, & Grafman, 1999) and
that it is more strongly activated by such items in
lower-intelligence than in high-intelligence persons
(Duncan, Burgess, & Emslie, 1995; but sec Haier,
Jung, Yeo, Head, & Alkire, 2004).

Intelligence tests can thus be thought to assess
the information-processing capacity of working
memory. Part of this quality seems to reside in the
number of items that the audioverbal and visu-
ospatial buffers can hold. Indeed, the so-called
digit span—the average number of digits that an
individual can reliably recall shortly after hearing
or reading randomized lists of them-—is a simple
index known to appreciably correlate with the in-
telligence quotient (Schofield & Ashman, 1986).
But undoubtedly, the relevant quality is also a
function of the storage durability, the processing
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speed, the operational precision, and the computa-
tional complexity that the neuronal networks con-
stituting the working memory system are capable
of sustaining. At the species level, the fact that ani-
mals, pigeons more so than monkeys, have less ca-
pacious and less lasting short-term memories than
humans might indeed be a reason why they are
comparatively less intelligent (Wright, 1990; see
also Higashijima, 2003). How fast signals can be
transmitted along axons and across synapses in the
nervous system can be assessed at the individual
level in humans by measuring the conduction ve-
locity of polysynaptic pathways, for example, by
recording the latency of cortical potentials evoked
by peripheral stimuli (Reed & Jensen, 1993). Much
like reaction times in multiple-choice tasks, where
subjects must select a target stimulus among several
distracter stimuli, these conduction velocities have
been shown to partially correlate with their test in-
telligence. These two measures of neural perfor-
mance have been found to be quite stable, lifelong
traits of individuals, as long as no pathological
events intervene  (Neubauer, Spinath, Riemann,
Borkenau, & Angleitner, 2000; Vernon, 1987).

Given the assumption thar working memory for
verbal and spatial information processing  are
somewhat independent, it may be that the effec-
tiveness of the prefrontal cortex also depends on
the processing capability of the several neural
structures that provide it with inputs and outputs.
Some of these accessory structures are undoubtedly
functionally specialized networks supporting audi-
tory, visual, verbal, manual, and other such func-
tions, whose processing qualities may well surface
behaviorally as one of the individually varying spe-
cial abilities discussed carlier.

Is it possible that a high level of development of a
particular modular ability could inhibit the expres-
sion of general intelligence? Excessive allocation of
neuronal processing capacities to one sort of cogni-
tive operation might restrict the capacitics available
for other kinds of cognitive functioning. The occur-
rence of so-called idiots savant suggests that there
may be a competitive partitioning of computational
resources (Heaton, Pring, & Hermelin, 1999; Her-
melin, 2001; but see Snyder & Mitchell, 1999).

Developing Intelligence

Most of the studies that have examined concor-
dances in intelligence quotients within pairs of
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monozygotic and dizogotic twins and between the
intelligence quotients of adoptive children and that
of their biological and adoptive parents have con-
cluded that the ontogeny of intelligence is impor-
tantly, but not exclusively, determined by the
individual’s genome (Bouchard, 1993; Plomin, De
Fries, McClearn, & Rutter, 1997). This general con-
clusion is warranted despite the fact that the heri-
tability of intelligence is an intricately complex issue
(Grigorenko, 2000; Turkheimer, Haley, Waldron,
D'Onofrio, & Gottesman, 2003). The undoubted
role of the environment is still difficult to detail,
largely because it is such a complex factor and be-
cause the effective environment is partly created by
individuals themselves (Dickens & Flynn, 2001;
Scarr & McCartney, 1983). For instance, the avail-
ability of books at home is probably an intelligence-
promoting factor, but of course, it can only become
effective if the child is disposed to reading them.

The influence of the developmental environ-
ment on intelligence is possibly reflected in the fact
that, over the decades since standardized intelli-
gence tests have come into widespread use, average
intelligence “of the population has been slowly,
but steadily rising, at least in developed countries
(Neisser, 1998). This rise has occurred despite the
fact that, in the same countries, there is a tendency
for less intelligent couples to produce more off-
spring than more intelligent couples, a trend that
should genetically depress the population’s overall
intelligence (Kirk et al., 20015 Lynn, 1999). The
rise in average test intelligence seems to reflect
improving standards of nutrition, health, and edu-
cation. But, the rise might alternatively reflect in-
creased outbreeding due to augmented mobility,
which may counter the decline inintelligence that
occurs in less mobile, inbred populations (Agrawal,
Sinha, & Jensen, 1984).

Individual intelligence is also affected by birth
order within the family, earlier born siblings being
at a slight statistical advantage over later born sib-
lings. This trend probably arises because intellec-
tual nurturing diminishes in growing families—for
example, baby babble increases and adult discus-
sion decreases (Zajonc, 2001). But, the effect might
also come about through a deleterious genetic ag-
ing of parental oocytes (and, less so, spermato-
cytes). Recall that Down syndrome (chromosome
21 trisomy) is more frequent in later born children
because of this aging (Carr, 1995).

Dire environmental events such as rubella infec-
tion during early pregnancy, protracted protein

deprivation during childhood, or chronic lead poi-
soning  during adulthood (Barth et al, 2002;
Brown & Pollit, 1996; Zgorniaknowosielska, Za-
wilinska, & Szostek, 1996) can have a sizeable im-
pact on the development and maintenance of test
intelligence: More mundane environmental vari-
ants like bottle- or breast-feeding, maternal smok-
ing or nonsmoking, and parental education levels
have comparatively small impacts, but these and
other similar factors may interact and result in ap-
preciable effects (Johnson, Swank, Baldwin, & Mec-
Cormick, 1999; Neiss & Rowe, 2000; Rogan &
Gladen, 1993).

One must keep in mind that the tens of thou-
sands of structural and enzymatic proteins that
make up the neurons of an individual are essen-
tially products of the individual’s genome present
in each of these cells. Inasmuch as intelligence is
importantly determined by the sophistication of
neuronal network operations and these depend
pivotally on the proteins that the genes can in-
struct, it has to be the ¢

¢ that the degree of
intelligence that different species and different indi-
viduals exhibit must depend heavily on the genetic
endowments that the species have come to possess
and that the individuals have chanced to inherit.
The decisive influence of genes on intelligence is il-
lustrated, among other mutational defects, by the
havoc that the fragile X chromosome mutant fre-
quently wreaks in the intelligence of male and,
more rarely, female persons (Dykens, Hodapp, &
Leckman, 1994; see also Plomin, 2001).

Why it is that humans are so much more intelli-
gent than chimpanzees when both species have
about 99% of their almost 20,000 genes in com-
mon? The probable answer is that the several hun-
dred genes that they do not share are crucially
involved in regulating the expression of several
thousand genes that determine brain development
(Kaessmann & Piibo, 2002; Levine & Tjian,
2003; Weissenbach, 2004). Both the proteinic com-
position and the anatomical structure of human
brains are demonstrably more complex than those
of chimpanzee brains (Enard et al., 2002; Hol-
loway, 2001).

EPILOGUE

Even though, nowadays, test intelligence in many
countries is no longer correlated with individual
Darwinian fitness, as measured by the number of

reproductively mature offspring produced, it still
needs to be primarily understood as one of the
many historical products of biological evolution.
The cognitive competencies of some present-day
animals unquestionably reflect  some  of the
phylogenetic antecedents of human intelligent be-
havior. Tests that measure human intelligence yield
scores that are characterized by a remarkable life-
long stability and a high genetic heritability. They
assess the quality of neurobiological factors that
determine the computational power of components
of the brain that underlic problem-solving through
short-term reasoning. Longer-term  learning and
memory capacities, and the flexibilities that are
part of more vernacular concepts of human intelli-
gence (cf. Booth, 2002), and that also frequently
play an important role in animal intelligence as-
sessments, are not really measured by these tests.

Egalitarian oriented people are frequently un-
comfortable with the notion that intelligence is
cffectively, as suggested by E. G. Boring (1886~
1968), defined by whatever the trait is that intelli-
pence tests measures, and that what they measure
is an individual disposition that is not casily im-
provable by a simple amelioration of the cconomic,
educational, and social environment. They point
out that test intelligence corrclates only moder-
ately with outward succ in life (Mackintosh,
1998). It is indeed obvious that other traits, such
as an intellectuality disposition (wanting to know)
and an achievement motivation (wanting to suc-
ceed) also contribute to determining how well one
does in life (Lloyd & Barenbatt, 1984). The assess-
ment of their exact effects is hindered by the fact
that these dispositions cannot be measured as pre-
cisely as can general intelligence. Furthermore, it
scems that these partly heritable dispositions are
somewhat correlated  with general intelligence
(Gagne & St Pere, 2002). The upshot is that test in-
telligence is still by far the best predictor of
scholastic achievement and life-long income that is
available (Amelang, 1994; Schmidt & Hunter,
1998). But, one must note, it is clearly not at all a
serviceable index of satisfaction with life (Pas-
tuovic, Kolesaric, & Krizmanic, 1995).

The role of deliberative reasoning in intelligent
behavior remains to be briefly considered. It is a
process much involved in the solution of problems
such as those presented in figure 28.1. Humans can
mostly state verbally, or pictorially, which analyti-
cal steps they undertook and what logical rules
they applied when solving them (Carpenter et al.,
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1990). However, when examining the performance
of humans on some tasks used to as animal in-
telligence, one finds that many subjects cannot pro-
vide explicit after-the-event accounts (Siemann ct
al., 2004; Siemann & Delius, 1998). Moreover,
those individuals who can provide explicit ac-
counts do not as a rule exhibit any performance
advantage. The solution of these tasks seems to

rely on automatic processes that appear not to be
fully consciously accessible. Phenomenologically,
explicitly declarable, but usually covert, delibera-
tive reasoning appears to correspond to a simula-
tive neural operation that has similaritics with
overt trial-and-error learning. The learning takes
place within an elaborate memorial representation
(mental model) of the world and the self (cf.
Damasio, 2003; Ehrsson, Spence, & Passingham,
2004; Smith Churchland, 2002). This simulatory
activity seems to rely heavily on a chess-playing-
program-like mode of information  processing:
“Suppose | try this particular action, ... no, it is
not likely to lead to suceess, . . .. let’s try this alter-
native action instead, . . . yes, this seems likely to
work, ... now Ill try this next step, ..." and so
on. Such deliberative reasoning may, in fact, often
largely devolve in terms of corresponding  se-
quences of visually imagined scenes  (Knauff,
Mulack, Kassubek, Salih, & Greenlee, 20025
Wohlschliger & Wohlschliger, 1998). Pictorial in-
brain simulations of this kind are conceivably
within the capabilities of clever animals such as
corvids and might well underlie their “insightful™
problem-solving feats (Heinrich, 2000). The evolu-
tion of language competence in humans, besides
advancing a more clearly propositional  style
of covert deliberation (Fitch & Hauser, 2004;
Premack, 2004), might have also favored an in-
crease in the informational definition and per-
sistence of the mental representation.  These
modifications would have better allowed them to
be semantically and syntactically explainable to
others. Still, the continuing salience of the model-
ing imagery may possibly be what makes us feel
that we, and perhaps others, our dogs included, are
consciously aware of at least some of our thought
processes (Griffin & Speck, 2004).
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