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is ofrell detcrmilled hy haphazard el'ems. The 
el'o lu tioll of m'1Illmals alld birds was ill a ll proha · 
hilily l'I'irica ll l' illfluellced rhe suddclI ex tillctioll 
of rhe dillosaurs alld other large reptiles due to rhe 
impact of a I'ery Llrge meteorire ahour 65 millioll 
I'ears ago. The growrh of rropical forests caused b" 
climale challges ill the aftermath might have 1',..;­
moted the el'olurion of primates "bour 50 million 
I'ears ago. This en\'ironment" ofiered spatia lly and 
seasona ll y patchl' food supplil's: trees bearing fruit 
here alld Iht'IT, noll' and Ihell . That unct' nainty fa ­
I'ored rhe emergence of socially (lIw.nized groups. 
Comperition lI'ilhin the groups would become the 
primc se lccti vc agl'nCl' afieuillg the beha\'ior of an­
ceslral primares. This is what the :Vlachiavellian 

of primale illlelligcnce hasically proposes 
(lIl'1'lIe, 1\/\/5: Whirell &: I\l'rnc , 1')')7: cf. lIolld, 
Kamil , &: lIalda, 100.1, about corvid hirds). 

What advallced the evolution of primate imelli ­
gence was Itoss the I",rshlless of the elll'ironmem or 
rhe presence of predalors Ihall Ihe imril'ate de­
n"1I.ds of social li fe. The fa cI th 'lI 
compensated _ ",hoiLo hrain I'o luml's--and more 

corrical I'Olullles- of n"'I1I111als, ,1I1d more 
so prima res, are correlaled wilh rhe size of the so­
cia l groups Ihe)' I')'pieall)' form accords with this 
hYl'othelical evolutionary sccnario (Clark, tvlitrn, 
&: Wang, 200 I: Dunhar, 1995) . Ir mal' al so he 
sl'lll lHom'lIic thaI severa l cogllilive reasoning proh­
\cms arc helte r solved 11I1I.1;1 n suhjects when 

arc' posed wilhin rhe comext of a social inl er­
acrion rha n when presl' llrcd ill a llol1soc..:ial formal 
(Coslllilfc.s, I <JH<); Gigerenzer, 1')97). 

The complexiries of ape have heen aptl)' 
captured h), the catch phmse "chimpanzee poli ­
tics" (de Waa l, I')HH). The strategies that these 
apes use involve more sophisticated menIal pro­
cesses than those that they implement when coping 
with the physical environment (Povinelli, Reaux, 
Thea ll , & Giambrone, 2000) . Shifting a lliances 
and active deception arc uscd, among other things, 
to further socia l status or to ev,lde the conse­
quences of low status (reduced access to quality 
feeding and mating opportunities, for example). In 
such contexts, apes appear to operate with some 
understanding of causa li t)" some representation of 
the self, and some appreciation of the heliefs of 
others, competencies thar arc certain ly less devel­
oped in monkeys (Tomasello & Ca ll, 1997), Hu­
mans arc, of course, well known to use many 
different strategies to altcr rhe hehavior of soci;1 
partners to their own advantage. Even sl1la ll 

children, some l1Iore than others, "'" 
use a of soc ial hargainillg te<:lmiques . such 
as alternatil'ely ellllc.lI'ing rhelllseives, aski ng ior 
more tll .lll they CXpC4.:t to get. or rhrowill14 a 

tamrum in public (ci. &: Knpl'. 
19991. The issue is complicated beca use 
rhar llIiglll small gail'S in the shun term I;"'" 
produce large losses in tl.e long term. 
hehal'ior can yield imlllediate a((ess to resourll'S , 
hut it can also prel'em a lasting and more profitabk 

cooperatinn. In '1111' case, the ah ili ll' to ilia ­
nipulate the hehal'ior of ;,thers til one's 'own "r 
OIll" S group's adl'anrage elearly inl'(,h-es special s,, ­
cial skills (d. Vigna l, .\·Iat hel·on, & Mottin , 20041. 

Tests that attel11pt to asscss illdi"idu,ll difierenL'l'\ 
in this social abililY hal'e heen del'eloped, Illn no rc. 
ally s,ttis(;.Il:tory I1lCilSUrt'l1lcnr instrulllent ha\ 
cl11crged. ,'vlnre importalH, the relel""lt tests do n(1I 
reliahly l11easure sufficiently differem froll! 
what is assessed cognitil'c' inrelligence resls (I{ig . 
gio, ;vfessal11er, &: Throcklllorton, 199 1; hur sel' 
Itllllnani &: Minll, 211(14). Thc m,.in difficultl' is Ihal 
prohlems requiring social operations Clnnl;t he as 
easily lranslated imo formali zed paper-and-pencil 
tasks ,1S prohlems inl'olving acadel11ic reasoning 
processes (sec later). Nel'enheless, it is notable rhal 
individual hargaining ski lls I1lcasured ill sit ­
uations vary considerably alld arc correlalcd lI'ili. 
personality ellaracteristics ",hen the inlcracrion in · 
vo lved is simple hilI with test inlell igence ",hell 1I11' 
inreraction in vo ll'ed is COlllple, (lIarr), &: Friedmall. 
I ')n; [lrandstiittcr &: Kiinigstein, 111(1). 

It is fashiollahle to hypothesize a sqlarare and 
anceslral elllolional intelligence (C;olel11a n, 1\/951. 
When anima ls, ineluding humans, h"h""e emotion­
ally, it funct ions predtllninaml)' to comnll lnicate to 

others their motivational state (E""ns, 200 I) . An 
adequate externalizatio!l of elllotional states is a 
necessity for successful socia l functioning. Howler 
monkeys with a pathological facial paralys is, char­
acreristically, had great difficulty being accepted 
into their troop and lVere subjecrcd to houts (If 
both excessive neglect and exaggerated antagonism 
(.J. D, Delius, personal ' observations). Among hu­
mans, a hody-shove is interpreted as friend l}' if the 
perpetrator has a playful facial expression but "s 
aggressive if she or he has a threarening facial ex ­
pression. Additionally, emotiona l states can modu­
late the efficiency of cognitive funcrioning. Both 
fear and rage, for example, tend to paral)'le ra ­
tional reasoning (Salol'ey, lIedell , Detweiler, &: 
Mayer, 20(0). Our innate emotional collstirutioll 

may be berrer adapted to life in earth-caves than to 

li fe in sk)· scrapcrs. It is conceivable that some indi ­
viduals arc neurally berrer equipped than others ((l 

control their limbic emorional states 
ill' socialll' o r academica lly conducive wa),s (d. 
Ledoux, 199H), 

The difficult\' with enlOtional intelligence is 
Ihat, li ke socia l imelligencc, there are no reliable 
instruments to Illeasure it. Existing tests arc on ly 
indirect questionnaires. A typica l test item reads: 
"Assuming that the dril'er of the car in which you 
arc traveling is angered a supposed infraction of 
another dril'er, what would you do: la) rell him to 

pipe down as the incident was of 110 consequence, 
(b) start playin!\ his preferred music-cassette , (c) 
join hilll in cursing at the orher dril'er, or (d) tell 
him that something similar happened to you and 
that on that occasion found out that the guilty 
party was on his war (0 an emergency ward?" It is 
doubtful that an)' anslVer adequate ly gauges the 
subject's actual capability for emotional self­
control. It is not even clear thilt what is being as­
sessed is not jusl social intelligence and, indeed, 
whether the emotional intelligence trait is suffi­
ciently distinct from that of general intelligence 
(Ci'lrroehi, Chan, &: Caputi , 2000; Newsome, 
Da)', & Catano, 2000; but see Mayer, Caruso, &: 
Sa lovey, 20(0). 

HUMAN IN TELLIGENCE 

Why arc humans such particularly intelligent pri ­
mates? A prohahle evolutionary scenario is that a 
lineage we have in common with chimpanzees and 
that occupied an arborea l niche had to cope with a 
freak climate change resulting in the savannization 
of cast Africa about 5 million years ago. This 
change meant a forced shift away from a vegerarian 
di'et to a carnivorous one. Note that chimpanzees, 
although still predominantly vegetarian, do occa­
siona ll y also engage in communa l hunts and cat 
meat (Goodall, 1986), Nor being equipped with 
claws or fangs like longstanding carnivores, these 
prehominids had to employ tools such as spears 
and clubs. Some 1001 usc in connection with feed ­
ing, although not with hunting, also occors in chim­
panzees. Initially, hunting could only be sllccessful 
if it was ca rried 0111 by social intelligence-demanding 
cooperative gangs. Hunting-pack organization gen­
erated selecrive pressure for enhanced communi­
cation (Deli us, 1990; Wilson, 1975). The labeling 
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property of language in turn improved imellecrual 
functioning through an enhanced stl'uctllfillg uf the 
mcntal represenrations of the world alld rhe self. 
Language-trained chimpanzees alld parrots outdo 
linguistically naive peers in the performance of 
demanding cognitive tasks (I'epperberg, 1999; 
I'remack, 19HH). lIut, nlso by inl'olving sl'lllbolic $e­
quemial operations, language required n se rial 
mode oi information processing, that is not pnrticu­
Inrly natural for neuronal networks, which arc more 
suited for parallel information processing (:-.Jowak , 
Komarol'a, &: Ni),ogi, 20031. The language 
undoubtedl), facilitared the evolutioll of a proposi ­
tiona l form of information processing considered 
essent ial for the deliberatil'e, rational reasoning 
needed to so lve problems like those shown in 
figure 18 .'1 (earrmhers, 2002; hut see also Gold in­
Meadow, 2003; Hespos & Spelkc, 2004; see later). 
It is certain ly no accidem that a propositiollalmode 
of processin!\ is freqllcntly used ill nrtifieia l intelli ­
gence progralllmillg (Russc\ & Norl'ig, 1<)9.11. 

Pracljcallnlelijgence 

Until advanced cultures began to emeqle ahollt 
10,000 years ago, the cogn iri ve prohlems thar hll ­
mans had to solve were of a practica l, applied sort, 
not of an ahstract, academic kind. Indeed, some of 
the dissatis fa ct ioll with illtelligence tests arises he ­
cause the)' see lll divorced irom cver)'day problem 
solvillg. The criticislll is akill to th,1(' of len raised 
regnrdillg the nOlleco logical nature of 1;lllOratory 
experiments on aninHlllearning (Timherlake & I.t! ­
cns, 1989; sec also Gigerenzer, 199X). 

As tests of practical intelligence , computerized 
games were introduced by Diil'ller ami Reither 
(1978) to assess the managerial ahilities of individ­
uals. They involve suhjects having to rlln a virtual 
faclOry, Severa l variab les arc related 10 each other 
through a varied set of equations. The input vari ­
ab les represent outlays (buying prime materials, in ­
vesting in machines, paying personnel, horrowing 
money, etc.) and the output variables represent in­
come (production vo lume, price level, erc.l. The 
sub jects had to try to adjust the input variables so 
as to maximize' the factory's profitabi lity within an 
hour, The success of suhjects in reaching this goal 
varied considerably and was found not to co rrebte 
with their test intelligence. L.ater studies, however, 
showed that this lack of correi ation arose because 
the original factory gallIes were not rea lly rationally 
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so luhle within the time tha r rhe slIhjecrs had to 

plav rhem, The perform"",,e dillerell"es arose hl'­
~allsc some suhj ects hit on good scnings by t:hallcl' 
[Inti orher subjec rs we rc not so lucky, When the 
games were Illudified ro be mure cogniri vriy pene­
rrahle, a substantial correiarion was ubse rved be­
rween individuals' tesr imelligen"e and rheir 
purported manageml'llt abiliry (Putz-Osrerloh &: 

LOer, In I; bur sec Berry & Broadhellt, 1987), 
Indi vidual differences in managerial abiliry may 

cxisr, bur they cannot be adequatel), measured wirh 
rhese factory !;ames and the)' arc ulllikely to be 10-

rall~' divorced frolll test intelligence, Nor arc they 
likel\' to be COllllllcnsurate wirh individua l diffe r­
ences in ho rserace berting abilit), thar \\'ere lIlI ­
eart hed by anorher remarkable stud)' of pracli ca l 
intellige nce (Ceci &: l.iker, 1986), The wide "lIlge nf 
praclical abi liries rhar have been looked in to arc nOI 
easy ro subsllllle wirhin one pracrica l illtelli!;elKe 
dispositioll , no r arc {h ey easy to separate from spc· 
cial abilities or, indeed, acquired expertise (Stern­
berg cr ai., 2000; Srcrnherg & Grigorcnko, 20021, 

It is ne vcrtheless widely accepted Ihal there arc 
a IIl1l1lber of spec ial imell ecrual abiliries , such as 
verba l, spiltial , or Illathelllarica l, rhar arc ,11 \casr 
partially independenl o f geue ra l in re lligence, In ­
deed, many inlelli!;enCl' Ics rs, as, for example, the 
ilinel and Wechsler lesrs, include a propo rtion of 
items Ihar rap some of rhese special abiliries 
(l.ohman, 20(0) , Bur, rhe [lSSeSS lllenl of rhese abi li ­
ries often requires specia l instruments: Musica l 
abiliry, (or eX'llll ple, hecause ir is nor properl)' mca­
sum ble wirh a paper-and-penc il tes r alone, requires 
an addirional rape recorder, Further on thi s rh eme, 
a lthough developers of intel ligence rests re<:o!;nized 
early the desirabilir)' o( including an assessment of 
the crearive ahilities of individuals, a reliable mea­
sure of rhis competence, beyond a fraction rhat is 
a lready represenled in the general imelli!;cnce 
score, has proved elusi ve (Glover, Ronning, & 
Reynolds, 1989), 

The term abilities that is habitually used , re­
flects a persisti ng doubr as to whether all rhese 
competencies refer to rrue separare intelligences or 
arc Illerely special skills thar arc in addition to a 
core intelligence gift. The possession of absolute 
auditory pitch perceprion, for exa mple, mal' be 
considered significa nt (or musica l ability but wou ld 
be hardly considered an element of general intelli ­
gence (Rae & l,,\cAnulry, 1995 ; Zatorre, 2005), 
The fa ct rhar brain imaging studi es revea l differ ­
ent areas being acrivared by tasks associated wirh 

various cogniti ve abilities suggl'StS that [here ma r 

be different intelligen"es. Nevertheless, all o f the,;, 
mOl)' be modulared h)' va ri arions in element'1I')' neu ­
I'O nal funcrion s that have to do wirh gennal illlelli ­
gence (Houde &: Tl.Ourio-Mazoye r, 200,1; :-'lurphl', 
2(03), Alrhough the ex istence of severa l separale, 
modnla r imelligences insread of a single, molar in, 
rl'lIigence h,lS oflCll been pl'lJmOled (~,1. Anderson, 
1'I9S ; Ceci, Ni!;hlingale, &: Ilaker, 1 \19.1 I, thi, nil · 
rion has just as often been denied (GeHans , 20(J l: 
Neuhauer &: llucik, 1\1%; I'elrill , 20021, 

Genera l Inlelljgence 

Re!;ardless of ho\\' one vit'I\'S iI , rhere appears 10 hl' 
a general qualit )" convemionall )' ca lled ~, rh al is ,n 
Ihe base of all human imellecrual abililies (Dctler­
man , 2000; Jensen, 20(0) , What is more , rhere ilrl' 

ballerics of ps)'chomerric lests rhat measure ir quill' 
well , Nore , howe ver, rhal the rests arc nece<sar ih 
limiled {() rapping cognili ve processe, Ihal can hl' 
delllonsrrared wilhin a re lalil'ely shof( lime spa n, 
Ihal is, wirhin rhe lillle fralll e o( rhe leSlS, For es , 
alllple, il is I)'pica l l<.l perceive a person 's poor C.1' 

pacifies in retaining epi sodic ('ve lHs over periods 0 1' 

a few days to severalillonths as rdleClin[: low inlel­
li ge nce, lIuI ir should he nored Iha r Ihe corre ia lion 
between llH.'nSliiTS of earlier oClurring cpisodi( 
eve lll s and srandard intelligence rest scores i, 
ra lher wea k (Alexander & Slllales, I Y97), Tesls 
Ihal wo uld me,lsure co!;nitil'e compelencies ()\'l'r 
lon!;er periods o( time arc plainly unwie ld y. 

Standard intelligence tesrs arc specia ll y designed 
to avoid rhe influence of specia l expenise, such as 
can be provided by relevant episodic or indeed pro­
cedural melllories, Of course, Ihere arc a lso se pa ­
rate tests designed to mcasure the expertise rhal 
people like aircraft pilots or computer prognlln ­
mcrs mayor may Ilot have, A mure interestin g 

kind o( test would be one thaI would measl\l'e rhe 
individual porential for rhe acquisit ion of an)' cog­
nitive expertise rarher than rhe actua l possession of 
a particular ex pertise, This test wou ld come close 
to the cumpa rative assessmcnt of thc I C~1r l1il1 g-to · 

leal'll capa bilities of species descrihed in rhe earlier 
secrinn on anima l intcl li!;ence, Note, however, thaI 
rhe capacity fo r higher-level lea rning in humans, if 
it were possible to reli ahl)' Illeasure such a rhing, 
wo uld be unlikely to be totally di vo rced fWIll 
short-rerm cognit ive process in!; abiliry, the ca pa cil~ ' 

rhat srandard intellige nce tesls rend to assess, 

Resea rch inlO how people solve intelligellce-test 
ite ms, s li ch ;l S those shown ill tigUH: 2H. l. has re­
vea led that rhe)' mainl\' challell!;e the working 
Ill enHll'\' Sl'srern (lladdcle\', 1986; l.ogie & Della 
Sa lOl, 2(101 '1, This mechani ~ l1l apparentiy consists of 
tWO kinds of short-rerm memory: one dedicared to 
stOring audirorY-I'erl",1 (phonological) informarion 
and another dedica red to storing \'isuosparial infor­
mation o\'er ri me spans lasring se \' ~ r 'll seconds to 

severa l minutes, lloth of these stores have quire a 
limited ca pacirl' as captured hy Ihe S(;1lemel1l thaI 
rhey Gill hold no more than aboll! 7±2 chunks of 
informatiol1 at a givell rime . The accesS to these 
huffers and the prncess ing of thei r contents is con­
trolled bl' a ce(Hral execu tive mechanism, This 
agent:)' is' concei\'ed :lS a se riall y opera ring dev ice 
thar is in some I\'al's similar to rhe ccntral processor 
of a compurer, TI;ere is ev idence that this working 
memory dcvice plans and guides rhe course of our 
ongo ing conscious beha vior, hur prohably nor rhe 
execution of more automared activ iries, rhe derai ls 
of \"hieh we arc liUgcly unawa re. 

The neu ral nerworks rhal consritute working 
melllOl'I' sce m 10 he mainly located in rhe pre­
(romal'currex, In monkeys, lesions in thi s area im­
pair the per forman ce of ta sks Ihar rcquirl' 
sho rt-term infol'lll<llion reteminn (Fusrer, 1989 ), 
Moreover, elecrroph ysiological recordings reveal 
neurons with res ponse characte ri stics that afC COIl M 

grllcllt with work ing memory hIlU: t'jOl1 s (Fullahashi 

& Kubota, 1994; Walli s, Anderson, & Miller, 
200 I) , In humans, brain imaging procedures con­
sistemlv revea l rhat the prehonwl correx is act i­
vared 1:,)' memal (;Isks that resemble intelli ge nce 
tests items (l)'Esposito et a I., 1995; sec also Koech­
lin, Basso, Pietrini, Panzer, & Grafman, 1999) and 
thar ir is more srron!;ly act ivated by sllch items in 
lower-intelligence than in high-i melligence persons 
(Dunca n, Bmgess, & Emslie, 1995; btl! sec I-laier, 
jung, Yeo, Head, & Alkire, 20(4) , 

Intelligence rests can rhus he rhought to assess 
the information -processing ca pac ity of working 
memor)" Part of this quality seems to reside in rhe 
number of items that the audioverbal and visll ­
ospatia l buffers can hold, Indeed, the so-ca lled 
digit span- the avcraf\e number o f digits that an 
individual can reli ably recall shortiy after hearing 
or readi ng randomized li sts of them- is a simple 
index know n to apprec iab ly correlate with the in­
telligence quotient (Schofield & Ashman, 1986), 
But undoubtedly, the relevant qua lity is also a 
function of the sto rage durabiliry, the processing 
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speed, rhe operational prec ision, and rhe compllla ­
tiollal t.:o lllplcxity rhar rhe l1 l' lI ro l1ailH.' lWOrks t.:0 1l ­
srituring the working memory system are capable 
of susta ining, At the spedes le\'el, rhe fact that '1I1i ­
mals, pigeons more so rhan nlllnke),s, ha\'e less ca­
pacio ll s and less lasting short-term memories than 
humans mighr indeed be a reason why the\' a rc 
cu lllpararil'ei), less illlelligent (Wrighr, 1990; sec 
also Higashijima, 2003), How iast signals can he 
rra nsmitred along ,lX011S and across synapses in the 
nervous svsrem can be assessed at Ihe indi vidua l 
leve l in h;"nans hv Illeas uring the conduction \'e­
locill' of po l vsyna~ric pati1l,'avs, for example, In' 
recording the latency oi cortical potenti ,! ls evoked 
by peripheral stimuli (Reed &: Jensen, 199,,), Much 
like reacrion times in multiple-choice rasks, where 
subjects must selecr a ra r!;et stimnlus amon!; several 
di stracter stimuli, rhese conducrion velocities have 
been shown to partially co rrelate wirh rheir resr in­
relligence, These two measures o( neural per for ­
mance have been fo und ro he quire sra hle, lifelong 
lrairs of individuals, as lonj.\ as no pathological 
el'e lllS intervene (Neubauer, Spi nalh, Riemann, 
Ilo rkenau, & Angleitner, 2000; Vernon, 19H7 ), 

C iven rhe ass umption t11<1l working memory for 
verhal and sparial informarion processi ng arc 
somewhal independenl, ir nHl )' be that Ihe effec­
riveness o f Ihe prcfronlal cllncx also depends on 
Ihe processing capahilit), of the severa l neural 
struc tures that pro vide it with inputs and output s, 

Some of these accessor)' srructllres art' undouh tedly 
functionally spec ia li zed nelworks supporting audi ­
Lorv, vi sual , verha l, IlHll1llal, and other slich fum.: ­

rio;! s, whose process ing qualities Illa ), well sur face 
hehaviorally as one of the individually varying spe­
cial abi liries discussed ea rlier, 

Is ir possihle that a high level of development o( a 
particular modular ah ili r)' could inhibit the expres­
sion of general intelligence ? Excessive allocation of 
neuronal processing capaci ries to one sort of cogni­
tive operation might restrict rhe capacities avai la ble 
for other kinds of cogniti ve (unctioning, The occur­
rence of so-called idiots savant suggests that there 
may be a compet iri ve partitioning of computational 
resources (Heaton, Prin!;, & Hertnciin , 1999; Her­
mclin, 2001; but sec Snyder & Mitchell, 1999), 

Developing Intelljgence 

:Vlost of rhe srudi es that have examined concor­
dances in intelligence quotiems within pairs o f 
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monozygori(: and dizogotic twins and between the 
intelligelKe quotients of adoptivl' children and that 
of their hinlogi(:al and ,"loptive parents have con­
duded that the ontogeny of intelligence is impor­
tantl\", but not exci usivel y, detennined by the 
individual's genome (lluuchard, 1993; Plomin, Dc 
Fries, iVkClea rn, & Runer, 1997). This f;encral con­
dusion is warranted despite the fact that the heri­
tability of intelligence is an intricately complex issue 
(Grigorenko, 2000; Turkheimer, Hale)" Waldron, 
I) 'Onofrio, & Gottesman, 2003). The undouhted 
roll' of the envi ronment is still difficult to detilil, 
largl'i)' beelllse it is such a colllplex factor and be­
caose the effective environment is partly created by 
indi"iduals thelllsl'ives (Dickens & Flynn, 200 1; 
Scarr & McCartne)', 1983). For instiuKe, the avail ­
ability of books ar home is probably an intelligen(:e­
promoring facror, but of (:ourse, it can onl y hecomc 
effective if the child is di sposed to reading them. 

The influence of the developmental environ­
ment on intelligence is possibly rcfl eued in the fac t 
that, over the decades si nce standard ized intelli ­
gence rests have come into wides pread li se, average 
intelligence -of the population ha s heen slowly, 
but steadily ri sing, at icast ill developed countri es 
(Neisser, 1998). This rise has occurred despite the 
fact that, in the same countries, there is a tendency 
for less inrellif;elll couples to prodoce more off­
spring than I11me intelligent cOllples, a trend that 
shollid geneti(:ally depress the poplliation's nverall 
intelligence (Kirk et ai., 200 1; l.ynn, 1999). The 
rise in average test intelligence seems to reflect 
improving stan(i.lrds of nutrition, health, and edll ­
cation. lIur, the ri se might alternativel), relien in ­
creased olltbreed ing due ro augmented mobility, 
which lIlay coun ter the decline in "intelligence that 
occurs in less mobile, inbred populations (A~rawal, 
Sinha, & Jensen, 1984). 

Individual intelligence is also affected by birth 
order within the family, earlier born siblings being 
at a slight stati stica l advantage over later born sib­
lings. This trend probably ar ises because intcilec­
tual nurturing diminishes in growing families- for 
example, baby babble increases and ad ult discus­
sion decreases (Za jonc, 2001) . lIut, the effect might 
also come about through a delete rious genetic ag­
ing of parental oocytes (and , less so, spermato­
cy tes ). Reca ll that Down synd rome (chromosome 
21 trisomy) is more frequ ent in later horn children 
beca use of thi s aging (Ca rr, 1995 ). 

Dire environmental events such as rnbella infec­
tion during ea rl y pregnanc)" protracted protei n 

deprivrttion during childhood, or chronic lead poi ­
soning dllring adulthood (llarth et ai., 20lH: 
Brown &: 1'011 it, 1 '.196; Zf;o rniaknowosielska, l a­
wilinska, & Szostek, 1996) can have a sizeable im " 
pact on the devc!opment and maintenance of te>! 
intelligence: More mundane environmenta l vari ­
ants like bottle- o r breast-feeding, maternal smok " 
ing or nonsmoking, and pa renta l ed uca tion !c" eb 
have com pa ratively sma ll impacts, but these and 
other similar factors may illleraCt ;rnd result in ap" 
preciable effects (johnson, Swa nk, Baldwin, & "k" 
Cormick, 1999; Neiss &: Rowe, 2()OO; Roga n &: 
Gladen, 19931. 

One must keep in mind that the tens of thOll ­
sa nds o f structural and enzymatic proteins that 
make up the neurons of an individual arc eSSe n­
tially products of the individual 's genome present 
in each of these ce lls . Inasmuch as intelligence is 
importantly determined by the sophisti(:ation of 
neuronal network opera tions and these depend 
pivotally on the proteins that the J;e nes ca n in ­
strllct, it has til be the case th"t the degree 0 1 

intelligence that diffcre lll species and different indi ­
viduals exhibit must depend heavily on the gene ti c 
endowments that the species have come til PIlSSl'SS 
and that the individuals have chanced to inherit. 
The decis ive innuence of genes on intelliJ;ence is il ­
lustrated, among other mutational defe(:ts, by the 
havoc that the fragile X chromosome mlltant fre­
qllen tly wreaks in the intelligence of male and , 
more rarely, female persons (\)yke ns, Hodapp, &: 
l.t!ckman, 1994; sec also Plomin, 2001). 

Why it is rhat humans arc so II1ll ch lI10re intelli ­
gent than chimpallzees whell hOlh species ha ve 
about 99% of their almost 20,000 genes ill CO Il1 -
mon? The probable answer is that the severa l hun­
drcd genes that they do not share a rc cruc ia ll r 
involved in regn lating thc exprcssion of several 
thousand genes that determine hmin development 
(Kaessmann & Paa bo, 2002; Levine &: Tjiall, 
2003; Weissenbach, 20(4). Both the proteinic COIl1 -
position and the anatomical structure of hunliln 
brains arc demonstrably more complex than those 
of chimpanzee brains (Enard et ai. , 2002; Hol ­
loway, 200 I) . 

EP ILOGUE 

Even though, nowadays, tes t intelligence in many 
countries is no longer correlated with indi vidual 
Darwinian fitncss, as meas ured by the num ber of 

rep roductively mature offspring produced, it still 
IIeeds to be primarily understood as one of the 
Ill illl)' hiswrical products of biologica l cvolution . 
The cognitivc competencies of some present-day 
a"imals unquestionably relleet some of thl' 
phylof;cnetic antecedents of human intclligent be­
havior. Tests that measure hUll1an intelligence yield 
scores that arc charolctcri7.ed by a remarkable life­
long stability and a high ge netic her itabilit y. They 
,lssess the quality of neurobiological facrors that 
derermine the cOll1putarional power of components 
of the hmi n that underlie problell1-solving through 
short -terll1 reasoninf(. Longer-term learning and 
nrcmOf\' capaci tics, and the lIe xi bilities th 'll are 
part of more vcmacul.rr cuncepts of human intclli­
gence IcL l\ooth , 2002), and that also frequently 
pla y an important role in animal intelli ge nce as ­
seSSlllelllS, arc nIH rea ll y measured by these tests . 

Egalitarian oriented people arc frcquently un ­
comfo rtable with the notion that intelligcnce is 
effcc ti\'el\', as su ~gested hy E. G. Boring (I HH6-
196H), d~fined by "whatever the trolit is that intelli ­
gcnce tests measures, and that what th ey mcasurl' 
is an individual di sposition that is not eas il y im­
provable by il simple amciioration of the econoll1i(: , 
education;ll, and SOCiill environment. They poilll 
out that test intclligence corre lates only moder­
ateiy with outwa rd Sll ccess in life (Macki ntosh, 
199H). It is indeed o bvious rhat o ther tra its, such 
;lS an intcll ectuality disposition (wanting to know) 
and (I ll ,u.: hirvc mcnt motivat ion (wanting tu suc­

ceed) al so cuntribllte to determining how well one 
docs in life (Lloyd & Ilaren ball, 19H4 1. The assess­
lI1ent of their exact effeers is hindered by thc fact 
that these di spos itions cannot be measured as prc­
cisely as CilO genera l intelligence. Furthermore, it 
seems that these partly heritahle dispositions arc 
somew hat correlated with general intelligence 
(Gagne & St Perc, 2002 ). The upshot is that test in ­
telligence is still by far the besr predicwr of 
scholasti c achievement and life-long income that is 
avai lahle (Amelang, f 994; Schmidt &: Hunter, 
1998 ). llut, one must note, it is d ea rly not at all a 
se rviceable index of satisfaction with life (Pas­
movic, Kolesaric, &: Kri zrnanic, 1995). 

The role of deliberative reasoning in intelligent 
behav ior remains to be brieny considercd. It is a 
process much involved in the solution of problems 
such as those presented in figure 28. 1. Humans can 
mostl y state verhally, or pictorially, which analyti­
cal steps they undertook <lnd whilt logica l rul es 
they applied when so lvi ng them (Ca rpenter et ai., 
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1990 \. Howeve r, when examininl; the performancc 
of humans Iln some tasks used to ;\ssess iln im,rl in ­
telli t;e ncc, one finds th ;ll many suhiects Cil nnot pro­
vide explicit after-the -c.vent accounts ISiemann et 
ai., 2004; Siemann & Dclill s, 1998 ). ',.Imeowr, 
those individllals wito can provide explicit ac­
countS dll nOt as a rule exhibit an I' perfofl11<lIKc 
ad\'antage. The solution of these tasks scents to 

rei\' on automatic processes that appear not to be 
fuli ), consciousl y accessible . PhenomCllologically, 
explicitly deciarable , but usually covert , dclibera ­
rive' reasoning appc.Hs (0 ('orrcspoTld (0 ;l si mllla ~ 
tive neural operation thar has similarities with 
oven tri al-and-e rror learning. The learning takes 
place within an elahorate memorial representation 
Imental mode l) of rhe world and the se lf (cf. 
Damasio , 20lU; Ehrsson, Spence, & Passingham, 
2UlH; Smith Churchland, 20(2). This simula tory 
activity seems to rcly heavi ly on a dress -playing­
p ro~ro;m-like mode of informa ti on process ing: 
"Suppose I tr )' this particular acti on, .. . no, it is 
Illll likel" to lead to success, .... ler's try thi s a lt er­
native a~tion insread, ... yes , this seems likely to 

work, . .. now I'll try (hi s next step, ' , ." and S(I 

on. Such deliberative reasoning may, in fau, often 
large ly devolve in terms of correspondi ng se­
qllences of visually imagined scenes (Knauff, 
Mulack, Kass uhci< , Sa lih , &: Creen lee, 2002; 
Wohlschl iiger & Wohlschl iiger, 199X ). Pictorial in­
hrain simulations of thi s kind arc conce iva hl y 
within the capabiliti es of clever ;rnimals such as 
con,ids and might well underlie their " insightful " 
prohlem-solving feat s (Hei nri ch, 2lH)0). The evo lll ­
tio n of language competence in Illll nans, besides 
advancing a more clearly propositional sty le 
of covert deliberation (Fitch & I-Iauser, 2004; 
I'remack, 2004), might have also favored an in ­
crease in the informational definition and per­
sistence of the mental re prcsentillion. These 
modifications would have better allowed them to 

be seman tica ll y and syntactica lly explainable to 

others. Still, the conti nuing salience of the model ­
ing imagery may poss ibly be what makes us fee l 
that we, and perhaps others, ollr dogs included, arc 
consc iously aware of at least Sll llle of our thought 
processes (Gr iftin &: Speck, 2004) . 

il ckllow/edglllellts The present chapter is a much 
modified versinn of an earlier Spanish tcxt (Dciius, 
2002). We tlwnk I. Morgado-llerna l (Barcciona), 
M. J. Cleaveland (Poughkeepsie), S. -C I.i (Berlin), 
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