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Genetics of cognitive abilities
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Hierarchical, psychometric model of cognitive
ability Spearman, 1904

General cognitive ability (g)

« derived by factor analysis of scores from various
weighted measures of more specific abilities

Specific cognitive abilities:
verbal spatial processing speed memory

Measures (tests): WAIS-R
Wechsler Raven’s matrices Stanford-Binet .. ﬁJiA%ﬂauﬁﬁi
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« weight given to an item is determined by its
correlation with other items

— items that correlate highly and items that measure — sgy— -

more complex tasks are weighted more Tests de QI
(contribute more to g) e

abstract reasoning > simple sensory discrimination




General
inefligance

Quantitative
feasoning

Vocabulry ~ Number series  Paper folding ~ Memory for
Comprehension Quonfitative fests  Copying senlences
Memory for

digits



Examples of cognitive tests
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Wechsler block Design Task
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Structural portion of verbal-perceptual-rotation (VPR) model of
intelligence
Johnson et al(2006) Intelligence, 35, 542



Definitions of Intelligence:
Which one do we prefer?

E. G. Boring, a well-known Harvard psychologist in the 1920's U
..."whatever intelligence tests measure” B

. Alfred Binet in The Individual
...the ability to "judge well, to comprehend well, to reason well."

David Wechsler cited in Annual Editions
..."the global capacity of the individual to act purposefully, to think
rationally, and to deal effectively with the environment."

Intelligence

Benjamin, Hopkins and Nation in Psychology (a textbook)

..."the capacity to acquire and use knowledge, a capacity that is supported by
a host of cognitive abilities such as perception, memory storage and retrieval,
reasoning, problem solving and creativity."

from the Merriam-Webster Dictionary

(1) the ability to learn or understand or to deal with new or trying situations;
also, the skilled use of reason

(2) the ability to apply knowledge to manipulate one's environment or to think
abstractly as measured by objective criteria (such as tests)



http://psychology.about.com/gi/dynamic/offsite.htm?site=http://www.m-w.com/dictionary.htm
http://psychology.about.com/gi/dynamic/offsite.htm?site=http://www.m-w.com/dictionary.htm
http://psychology.about.com/gi/dynamic/offsite.htm?site=http://www.m-w.com/dictionary.htm
http://psychology.about.com/gi/dynamic/offsite.htm?site=http://www.m-w.com/dictionary.htm

g — general intelligence

In the words of 52 experts in cognition:

g is a very general mental capacity that, among other things, involves
the abllity to reason, plan, solve problems, think abstractly,
comprehend complex ideas, learn quickly, and learn from
experience. It is not merely book learning, a narrow academic skKill,
or test-taking smarts. It reflects a broader and deeper capacity for
comprehending our surroundings — ‘catching-on’, ‘making sense’ of
things, or ‘figuring out’ what to do.



Cattell's fluid and crystallized intelligence

+ fluid intelligence (Gg) - higher mental abilities eg reasoning
prefrontal cortex

correlates most with performance IQ (PIQ)  perceptual, processing speed
Ravens progressive matrices WAIS Block design

+ crystallized intelligence (G.) — knowledge acquired from
culture, education, experience

cortical networks
correlates most with verbal IQ (VIQ) WAIS Info subtests



Executive functions (EF)
 multidimensional construct

« higher order processes that control and regulate thought and
action, operate on lower level processes

In everyday life — planning, organizing, decision-making, flexibility,

judgement, regulation of everyday behavior - all hallmarks of intelligence

inhibiting prepotent responses (inhibiting) h? ~90%

shifting mental states (shifting) h? ~ 76% } Friedman et al
updating working memory (updating) h? ~ 100% (pilot study data)
WAIS ~ 70%

- would expect EF scores to correlate with IQ scores

- whilst measures of EFs intercorrelate, only ‘updating’
correlates highly with 1Q (both fluid and crystallized, and
Wechsler)

- current IQ tests do not assess all abilities required for
‘intelligent’ behaviors?



What does an estimate of ‘g’ tell us?

It Is the best psychological predictor of school
achievement across all levels of schooling

it Is the best predictor of occupational success in
jobs that require complex cognitive tasks

It predicts income and success in every profession
It may not tell us about other talents — physical, artistic
distrusted by general public?
older tests were culturally, socially biased
not true for newer alternative tests:

Information-processing methods

direct assessment of brain functioning (eg ERPs, fMRI)



Table 1 The Validity of Various Predictors of Job
FPetformance

TECHHIGLE woLIniTy

AR OO OSITE A=
[ Cogniire Ability Test Battery)

JOB TRIOQUT A
[ Probatiaary Period)

SITITATION AT IHTER WIEIAT a7
[Stmacharedsjob relaed Dterricnr)

EEFEREMNCE CHECES At
[ Chech writh pact. emp lorrers )

CLASS FAME OF GEADE P OINT AWEE.L FE 21
[Self-explanatory )

ATIOTTHT OF EFPERIEM CE A2
[ Wears oruthee job)

THETEUCTUEED It TEEVWIEIAT 14
[ Ceteral disox i wrth applicart )

TEATHIF & AYD EXPERTENCE A3
[ Time spetit I jobdmanme)

ATIOTTHT OF EDTTCATION 10
[Wears o sckuool)

Himiter and Himter, Michizm, State Thurersity, {1984 ). American
Prrcholsical Aesociation 96 {1, 72-55.




« Economic and social correlates of 1Q :

Factors Correlation
school grades and G 0.5
Total vears of education and [ 0.55

|G and parental socioeconomic status 033

Job petrformance and [ 0.54
Megative social outcormes and |G -0
s of identical twins 056
s of hushand and wife 0.4

Helghts of parent and child o.47



« Economic and social correlates of 1Q In
the USA .

10 <75 590 90110 110125 =125

LIS population distribution a 20 a0 20 il
Married by age 30 T2 a1 a1 T2 BY
Cat of labor force more than 1 month out ofyear (men) 22 149 14 14 10
LInemployved mare than 1 month out of year {memn) 12 10 T T 2
Oivarced in 5 years 21 22 23 15 4

% of children w12 in bottom decile {mothers) 34 17 3] 7 =
Had an illegitimate baby (maothers) 32 17 d 4 2
Lives in poverty a0 16 ] 3 2
Everincarcerated {men) Fi T 3 1 =1
Zhronic welfare recipient {imaothers) 31 17 a 2 =1
High school dropout a5 35 f 0.4 =0.4

Yalues are the percentage of each 12 sub-population, among non-Hispanic whites only, fitting each descriptor.
Ccompiled by Gottfredson (1997 from a US study by Herrnstein & Murray (1994 pp. 171, 158, 163, 174, 230,
180,132,194, 247-248, 194, 146 respectively.



Career outcome

Licensing
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Standardized Tests Predict
Graduate Students’ Success

Mathan R Kuncel' and Sarsh A Hedstf

courately predicting which sudens
are best suited for postbaceal

] Tests

many aspects of student success acrass academic
and applied fields.

graduste school programs benefits
the programs, the students, and society at
large, because it allovws education 1o be con-
centrated on those most likely 1o profit.
Standardized tests are used to forecast which
students will be the most successful and
obtain the grestest benefit From graduste odu-

eatlon indiselpll

tion of verbsl, quantitstive, writing, snd ans-
Iytical ressoning skills or disciplne-specific
knowledge. This s no accident, & work in all
fiekls requires some combination of the
shove. Th i y 1

varisble that has tation with
an oulcome measure { 10). The second stten-
uating factor & unrelisbility in the success
measure resulting from inconsistency in
Thuman judgment (1 1). Where possible, rec-

ognized s were used (12) to
account for these atil

ticular discipline. Alihough the general verbal
 nantitive scal R

Research has been conducted on the
lation between test scores and variow

the humanities and from physics to law.
However, controversy remains sbout whether
such ests effectively predict performance in
graduate school. Studies of standardized test
scores and subsequent sucoess in graduste
school over the past 8 years have ofien suf-
fered from limited sample size and present
ixed concluions of varish

ofstudent smecess, the srongest predictorsare
tests with content specifieally inked to the
discipline (1, 5.

Estimating P redictive Validity
The pradictive validity of tesis is typically
evaluaied with statistics hat estimate the
linear relstionship between predictors and

Several meta-analyses have been con-
ducted to extract

3 measure of academic performance.

Mets.

abaut tandandized 15 from a varity of dis-
ciplines. To date, these review studies have
been conducted on several tests commuonly
used in the United Stes the Graduste
Recond Examination (GRE-T) (1), Graduate
Record Examination Subject tesis (GRE-S)
(1), the Law School Admissions Test (LSAT)
(2], the Pharmacy College Admissions Tes
(PCAT) (5), the Miller Analogies Test (MAT)
(6), the Graduste Management Admision
Test (GMAT) (7), and the Medical College
Admbslons Test (MCAT) (£, 9.

We collected and synthesized these stud-
ies. Four consistent findings emerged: {i)
Sundardized teats sre effective predictons
of performance in graduak school. (if)
Both tests and undergradute grades predict
imponant scademic oucomes beyond grades
earnedin

tests predict most f
student success betier than prior college
scademic records do (13, 7, ). (iv) The
combination of tests and grades yields
the mos accurate predictions of sucoess
(14, 7,8).

iDaparmant of Paychalagy, Universty of Mimens, 75
EIRNT K030, M BT, MN F5455, I5A Farnmad

50
S8 1350, MO, M 35402, USA.

P
of test validity aggregae Pearson correls-
tions. In many primary sudies, the correla-
tioms are weakened by statistical antifacts,
thus contributing to misintempretation of

lusi first ing factor &

messures of student success: First-year
grade point average (GPA), graduste GPA,
degree attainment, qualifying or compre-
hensive examimation scores, research pro-
ductivity, research citation counts, loensing
examination performmnce, and faculty eval-
ustions of students. These results are based
on snalyses of 3 0 1231 atudies scrosm 244
10 250540 students. The programs repre-
sented include humanities, social seiences,
math-

ematics, and professional graduate pro-
grams in management, kaw, pharmacy, and
medicine. For all tests across all relevant
dized tet scores

the restriction of range that ocowrs when a

are pasitively related Lo subsequent meas-

23 FEBRUARY 2007 WOL315 SCIENCE www.sciencemag.ong

Pubishacl by AR

arg on October 28, 2011

from www.




Accomplishments Across Individual Differences
within the Top 1% of General Cognitive Ability:
25+ Years After Identification at Age 13
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Lubinsky (2009) Behavior Genetics, 39,350
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Dwoes Socioeconomic Status Explain the Relationship Between Admissions
Tests and Post-Secondary Academic Performance?

Paul R. Sackcit, Nathan B. Kunccl, Justin J. Amcson, Sara B. Coopcr, and Shonna D). Watcrs
University of Minnesoka, Twin Cities Campas

GﬁuuFuhzﬁnnﬂnﬁm-ml:ﬂ;_utlhltmbmnﬂima moee thes sociocconomic simius

(SES} and that their

validity in

suthors cxamined mliiphe dala seix

perf = an arfifact of SES. The
daia on I and relaird iesis, SES, and

pracies showing that (s} SES is relsied io test sooms {r = .42 amang the popslation of SAT takers), (B}

lest sooees ane predictive of ic perf

and {c) i o

ng for SES reduores. e

i el grade

from r = A7 inr = A4 Thos the vast msjarity of the iesl-academic

ipwas i of SES: The authors comcluded that the iesi— grade relafionship
i= not en antifact of commaon influences of SES on both st scomes snd grades.

K : moci ic status, i

testimg test validicy

Each year millions of mdividuals im the United Stsies take
post-secondary admissions esis (e.g. SAT [formerdy the Scholas-
tic Aptitude Test], the A.E'Tll'nrr-u-l}'. American College Testing],

the G [GRE] the Law School Admis-
sion Test [LEAT], lh Callege Admi Test [MCAT],
amd the Gradaate Mlmgﬂ-enl Mnmm Test [G}J.ﬂ.'l'j. Given
thear i rode Tk these

hmnﬂmmmtb&epﬂﬂ::uﬂmmb
sCrutiny. A COMMUMON Asserfion among test crifics is that est scores

status (SES) has an arificial and irrelevant offect on iest scores:
High SES leads o higher st scores (e.g.. through knowledge of
test-mkimg technigues) but not 1o Iugh truz stamding on the
charmcteristic the est is i fi-e., pod abil-
ities melevant © academic p—ﬁrr-.l.rl:a]n. This assertion can be
paired with another one, namely, that SES has o similar artificial
effect on academic measares (e.g., grading is binsed
in favor of high-SES shadenis) and, thus, that the appearance of est
validity (i.e., tesi— grade correlations) is alsc on artifact. If SES

msed for high-sinkes decisions fe.g., college imsion)
mothing more than sociceconomic statms (SES). Examples of this
assertion. draan from wick (2002), include the claim that *'in the
interest of truth in advertising, the SAT should simply be called a
“wealth test™™ (Guimer, cited in Zwick, 200Z), that “the SAT merely
measuwres the sire of studenits” boases™ (Kohn, 2001 ), and that the
“anly thing the SAT predicts well now i sociceconomic stains”™
(Colvim, 1997} in thess cri is that i

i both test scores amd grades of high-SES stedests amd
deflaies both tost scores and grades of low-S5ES stadents, then a
kest that is, in fact, completely invalid as a predicior of academic
performance will appear valid as a result of the common effects of
SES oa both test and grades.
Aszertions that the appearance of test validity is am artifact of
EEE have alsc been prominently placed within the psychological
literntare. Owme claim is that “it has now been documented with
massive datn sets from the University of Califormin that SAT 1
scores lose any ability in predict freshman year grades i the

Paul R. Sackett, Mathan R. Koncel, Justin J. Ameson, Sara B. Cooper,
and Shonna I} Waters, [ af ry of Minns-
=ta, Twin Cities Campus.

The order among the latter three authers s alphabetical; all contrikesed
equally o the project.

Jussin J. Amneson i now @ Target O
and Shoana I3, Waters is now at the Human Rescarce Ressecch Orgeni-
zation, Alexsndria, Viginia

Thix research wes supported by a grest from The College Boand to Paul
E. Sackeit and Naothos B Kuncel Paul B. Sackeit serves on The College
Board's SAT Psychomeiric Pasel and the BEducatiomal Tesiing Service"s
Visiting Pansl co Research. MNathan R. Kuncel serves on the Educational
Testing Service™s GRE (Graduste Record Exem) Technicsl Advisory Com-
rmitiee.

We thenk Sarmbh Hexlefi and Jasa Rigdon for belpful commenis o a
draft of s article.

oonceming this arficle should be addressed bo Paul B
Sackesit, Ik of Psyc L ty of M Elo#i Hall,
75 Fast River Road, Misseapalis, MN 55455, E-mail: psackett@wma edu
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comtrol for socicecomomic status” (Croshboy,
Iyer, Clayton, & Downing, 2003). Similarly. “SAT scores used for
college admission do not prodict freshman year grades when
status is i 2003, p. 1023} The

mosi visihle critic of the SAT, former president of ithe University
of California system Richard Atkinson (2005), smiéed that “afier
contrelling for [SES]. . ke relationship between SAT [ scores and
UC [University of California] grades virtually disappoars.™ Mov-
ing beyomd the specific issuwe of SES and test validity, it is
mr&j&nlﬂhmmmmdhyﬁpﬁhem
SES and i i For psy r amd
practice has recently issued & report (Sacgert et al, 2007). This
tnsk Force affirmed the criticality of andersianding the role of SES_
We oo that o ic explomtion of the degree o
which SES accounts for lest— grde relationships was in order. Our
goal was o summarize findings from data sets that permit the
examination of three {m) the = EES
and scofcs oa cognitively loaded tests, with primary focms on those




|Q predicts many things but does belonging to a particular
group predict 1Q?

« evidence suggests some 40% of 1Q differences in occupation &
Income in Western societies are associated with genetic differences
Rowe et al (1998) Tambs et al (1989)

* based on WAIS, there is a 22 point difference between average 1Qs
of persons in professional/technical jobs versus unskilled laborers

Reynolds et al (1987)

BUT there was nearly as much variation in 1Q within occupational
groups as in US population as a whole

S0, Is membership of a particular group likely to predict 1Q of an
individual?

What else is important?
special talents motivation  personality traits hard work  privilege



Long history of research into cognitive ability:

Galton (1865) sir Francis Galton (1865, 1869), Darwin's

cousin, immediately recognized the implications for human
variation. Galton carried out surveys and found that good and
bad temperament, as well as intelligence, ran in families. He
discovered the phenomenon of regression-to-the mean and the
implication that family variation was heritable

NATURAL INHERITANCE

FRANCES GALYON, FRS

Burks (1928) Barbara Stoddard Burks, “The Relative
Influence of Nature and Nurture Upon Mental Development; A
Comparative Study of Foster Parent-Foster child Resemblance
and True Parent-True Child Resemblance,” 27th Yearbook of
the NationalSocietyfor the Study of Education, (1928)

L
MACMILLAN AN €O
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Merriman (1924) twin methodology

Tolman (1924) ]selection for maze
Tryon

learning in rats

Prevailing view, however , was that nurture was
more important in human abilitites

see John B Watson 1925 “Give me a dozen
healthy infants......... ¢

FTART FoopBor|

mmmmmmmm

Fio. 1

{(From M, H, Fliatt, The cfect of change of reward on the maze per-
formance of rats.  Univ, Calif. Publ. Pyycel, 1928, 4, p. 20.)



Galton (1869) Hereditary genius: An enquiry into its laws
and conseduences

PERCENTAGE OF EMINENT MEN IN EACH DEGREE OF KINSHIP TO THE
MOST GIFTED MEMBER OF DISTINGUISHED FAMILIES,

§ Great-grandfathers,

7} Grandfathers. 4 Great-!mtk:.
26 FATHERS. - 4 Undes
ﬁ'm“m;mmf' 23 BROTHERS, 1} First cousins
36 SONS. 41 Nephews.
0} Grandsons, 2 Great-nephews.

1} Grent-grandsons,



Recognition that genotype and environment can interact to
determine phenotype

Cooper & Zubek (1958) tested maze dull and maze bright
rats after rearing in different environments

genotype/environment interaction

— changes caused by environment depended on
genotype of rats
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From Cooper and Zubek, 1958
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Change in acceptance of genetic influence on cognitive
ability in the 60’s and 70’s - the nature nurture debate

« to this time, some general acceptance of genetic influence on both animal and
human cognition

« Infuriated those with strong belief in equality stemming from religious, political
and philosophical roots

Typical psychology department in the 60’s

reductionist theories — all behaviors could be traced to one basic single
causative event “intrapsychic conflicts of infancy”

- all influences were entirely environmental

- individual differences were viewed as ‘error’

Very unattractive connotations from the, then, recent political past

eugenics — idea that humanity can be improved by selective breeding
intelligence, aggression, antisocial behavior- all subject to eugenic practices in past




Bad science

Burt (UK) falsified data to enhance his results showing gene influence on g

Controversy

Jensen (US) published “How much can we boost IQ and scholastic
achievement” (1969) in response to research showing poor results from
compensatory education programs

Did lack of results reflect genetic influence ?

Also 1Q is substantially heritable, different ethnic groups have different
mean IQ levels.

Could the measurable differences between ethnic groups result from genetic
differences?

- whole area of research thrown into acrimonious ‘debate’

- general conclusion in psychology departments was that a
genetic influence on human cognition did not exist

- behavior geneticists said evidence showed otherwise
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Why did this view not last long?

good empirical studies - large sample sizes
guantitative measures

well-designed to separate genetic and environmental influences

From

Kamin (1974): “... little or no evidence that intelligence is a heritable trait.”
To

Brody (1990) “... it is inconceivable.. that any responsible scholar could.. take

this position”

Currently, g is
 one of the most reliable, valid measures in behavioral science

« stable - it's long-term stability after childhood is greater than the stability of
any other behavioral trait

 widely accepted as a valuable concept
. substantially heritable
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Genome-wide association studies establish that human
intelligence is highly heritable and polygenic
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General intelligence |s an important human quantitative tralt that sccounts for much of the
wvariation in diverse cognitive abilities. individual diff i Imibed il g are strongly
associated with many Important life outcomes, lneludhaﬂ and occupational
attalnmen ts, Income, health and |fespan. Data from twin and y studies are consistent with
a high heritabllity of intelligence, but this inference has been controversial. We conducted a
genome-wide analysis of 3511 unrelated adults with data on 54962 single nuclectide
pdmm(mps]sumum on cognitive tralts. We estimate that 40 of
the variation In crystalllzed-type intelligence and 51% of the varation in fluld-type Intelligence
betwean Individuals iz accounted for by linkage disequilibrium betwesan gen COMIon
SMP markers and unknown causal varants. These estimates provide lower bounds for the
namow-sense hertabllity of the traits. We partitioned genetic 'u'ﬂ'hﬂm on htl\rldtuﬂ
chromosomes and found that, on averasge, longer chr e
Finally, using just SMP data we predicted wlﬂﬂuvm’udﬂmmm fluid
cognitive phenotypes in an iIndependent sample (P= 0009 and U028, resp ,,.Mr alt
umequivocally confirm that a substantisl proportion of Indhddual diff in h
Imtelll gence |8 due to genetic \ru'hﬂul. and are consistent with many genes of small effects
underying the additive Fnelic Imfl on Intelll ger
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Introdwuction
People differ in their oognitive abilities, and the

origins and impacts of these differences are sought
after and much debated. The quaJ:Ltltatlve trait of

general intelligence fact that divemse
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oognitive ahilities show uniwmslly positive covara-
tiom: that iz, no matter the cognitive task b
undertaken, much of the human wariation in any
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Introduction

Searching for maolecules melated to human cognition
iz instrumental for the biological
mechanisms related to such com traits a8 mMemory
capacity and for identifying pathways possibly amen-
ahle to pharmacological interventions. Recent
advances in the development of high-density geno-
typing platforms allow for high-resolution genome-
wide association studies [GWAS) of genstically

& traits and hawve already led to a substantial
increase in knowledge of the genetic underpinnings
of physiclogical and patho oconditions  of
human cognition.® Such studies mn be performed
uzing both pooled and individual DMA samples.®
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Poaoled GWAS followed by individual genotyping of
the most significant vadants of the DNA pools are a
mnst-effective way to perform genome-wide surveysin

BCDEETL, lack the ahility of retras pectively stratify-
ing the genotyped pooled cohort by secondary
phenotypic traits and control wvarahles.®
Here we performed a GWAS in individual TNA
zamples in a homogencus cohort of Swiss healthy
young adults [m=1198) assessed for verbal episodic
memary performance, as quantified by an unexpected
delayed free-recall test of 30 previously learned wornds
[see Materials and methods). Single-nudeotide paly-
morphisms [SNPz) surpassing genome-wide oorrec-
tion for multiple comparsons were analyzed in an
t sample of healthy young adults from
Serbia (n=524), who were also characterized for
werbal epizodic memory performmance. To further
walidate the genetic findings of the behawiaral studies
we anal yzed data from studies on gene expression in
human post-mortem brain tissue and also used
functional magneti c resonance imaging (fWRI), which
man detect genotype-dependent differences in brain



Hierarchical Genetic Organization of
Human Cortical Surface Area

Chen et al
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Ecological Context Influences Epidemic

Size and Parasite-Driven Evolution
Meghan . Dutfy,' Jessica Houstey Ochs,® Rachel M Pencrykowsi,* David ]. Chitello,*

Christopher A Klsusmeier? Spencer R. Hall®

The ocoumence and magnitude of disesse outhwais ¢an stsongly influence hest eve lution. In particular,
resistance

when hosts face  resistancefecund ity rade-al{, they might evobve
epidennes but incmased susceptbility during Smller anes. W tested this thearetiesl

during Larger

[redictian by using a o6 plankton-yeast hast parasite
epidemic size. Lakes with high productivity and low pred stion pressur had large yeast epi

ta infection

system in which ecalogicsl stars determine

i
modulating disease outhresks, ecologicsl context (productivity snd predstion) shaped hast evolution
during epidemics. Consequen iy, anthropogenic sttertion of prductivity and predstion might
strangly influence both ecological and evolutionary outcomes of d issase.
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e others are less. Eound but more resists
hen
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e on e D dusig s {1, 3.
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Current problems

— convincing people environment is still important, countering fatalistic
views

-countering new forms of eugenics :
changing genes perceived as ‘bad’
preventing birth of those with ‘bad’ genes

-misuse of information and unfair discrimination
genetic testing, insurance, employment

-IQ and gender/race still cannot be researched or even discussed
ask Larry Summers (ex-president of Harvard)
James Watson (ex-chancellor of Cold Spring Harbor Labs)



Commonly-used tests of cognitive ability

WISC — Wechsler intelligence scales
measurement error + 5 points (score 70, range=65-75)

WAIS - Wechsler Adult intelligence scales
Stanford-Binet

Bayley Scales of Infant Development

-«
4

»

Essentials

of Bayley Scales of

Infant Development I
Assessment

Towrmge of anmy
eprelaton end rmgw oy
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Flynn effect

1Q

i =598 100 ¢ Intelligence
« average IQ has steadily o test
.. . a5 performance
been rising since has been rising

85

measurement began 80
UK 27 point increase *
US 24 point increase since WWII
« shown as overall increase in population mean
* due to environment that we all share (cultural environment)
* intelligence tests have to be re-normed periodically

1910 1930 1950 1970 1990

Year

Possible reasons for Flynn effect?
our genes have not changed

shows importance of environment
nutrition outbreeding on global scale (population admixture)
better test-taking skills better education for more people
widespread access to information via TV internet travel
huge increase in information processed (av word ‘consumption’ = 100,000
- a 350% increase from 1980’s)



Summary of evidence for influence of
genes on cognitive ability

Bouchard & McGue (1981)
- summary of results from many studies
Adoption studies
Reared apart P/O, sibs r=0.24
heritability = 0.48
- about half variation in scores is due to variation in genes

what is
heritability
here?

what is
heritability
here?

Twin studies

Reared together MZ r=0.86
DZ r=0.60

- test/retest reliability = 0.8-0.9 MZs are as similar as same person tested twice

- evidence for shared environment

- heritability = 2(MZr — DZr) = 0.52

- agrees with results from adoption studies

Note: most of the data for these studies came from samples where
offspring were late adolescent or younger



Adopted apart twins

e MZ r=0.67-.79 = heritability
* much higher than estimates from family, twin , adoption studies in
general

e assessed at later age

Similar data from other parts of world not included in Bouchard&
McGue

 Russia
 E. Germany
« rural India urban India
e Japan
and from information-processing tests



Does ‘general intelligence’ exist ? - evidence for

* meta-analysis of results from 322 studies of cognitive ability 'g’

* in spite of hundreds of different tests being used, average correlation
among tests was 0.30

diverse cognitive processes do intercorrelate

- no-one has been able to devise a test where scores do NOT correlate
with other test scores

- a common factor (‘g’) accounts for ~40% of total variance on
cognitive tasks

g shows substantial heritability
- more studies on g than any other human characteristic
80,000 parent/offspring pairs
25,000 sib pairs
10,000 twin pairs  + adoptive family data

Lowest, most conservative estimate of heritability = 50% for g
mostly additive gene effects

genetic correlations across tests indicate extent to which same
genes influence different specific abilities (evidence for pleiotropy)



Wechsler adult intelligence scale (WAIS)

Full-Scale 1Q
(FSIQ)
| |
Verbal Performance
1Q (@]
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Verbal Working Perceptual Processing
Comprehension Memory Organization Speed
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g from the WAIS-III
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partial regression
coefficients (path
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Examples of intercorrelation between specific
abilities

Mathematics ability Plomin et al (2004)
- many studies indicate high heritability

phenotypic correlations with g score and other cognitive
measures at age 7:

reading and math scores r=0.70

math and g scores r=0.43

reading and g scores r=0.47
‘Generalist’ genes:

genetic correlations of 0.62 to 0.76 found — indicating shared
gene influences across these specific abilities

Genes for specific abilities:

evidence for specific genes for math and reading also since
not all genetic variation for trait accounted for



Mathematics numeracy measures  Plomin, 2012

« Age 12 ~3000 twin pairs, similar number of unrelateds

« twin analysis and GCTA DNA analysis used to estimate genetic
correlations across different measures of numeracy

twin analysis: average genetic correlation across measures = .93
DNA analysis: average = .98 across measures

- substantial pleiotropy on behalf of genes influencing numeracy
- important theoretically in neuroscience

Average heritability = 0.46 from twin studies



Environmental influences

« heritability of 50% indicates the environment also accounts
for 50% of the variation

« adoptive family data indicates that shared environment is
Important during development:

P/adopted child r=0.19 both give estimates
Adoptive sibs r =0.32 of ¢?

« family and twin data indicate that non-shared environment is
less important and accounts for less than 20% of variance

MZ twins r=0.86 14% of variance is e?



Shared environment

 relationship is non-linear (not everyone is influenced by their environment in
the same way), likely to be genotype x environment interaction

 interaction with socioeconomic status (SES):

Turkheimer et al (2001) 350 MZ and DZ twin pairs

middle-class environments — most variation is due to genes and e?

poor environments — most variation is accounted for by c¢?

Rowe et al (1999)ADD health study - a national longitudinal study of adolescent health
different heritabilities with different levels of education of parents

Genetic relatedness Verbal 1Q correlations by level of parental education
Low education High education

High (M2) 0.55 0.75

Moderate (DZ, sibs) 0.33 0.37

Low (half-sibs, cousins 0.32 0.10

iIn SAME house)
average h?=26% h?=74%
more ¢c2 e? no c? less e2



SES affects cognitive skills before entry into school
« school readiness (esp.math, reading skills) predicts achievement
throughout school years
« child’s genes may help determine response to environment (gxe)
Rhemtulla, Tucker-Drob (2012) Behavior Genetics

longitudinal study of preschool children
assessed age 2 and age 4 so far
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Amounts of unstandardized variance in early mathematics skill (left), and early reading skill (right)
accounted for by genes (A), the shared environment (C), and the nonshared environment (E), as functions
of SES. Total variance reflects the sum of the variance accounted for by A, C, and E, as a function of SES.

SES, Early Mathematics Scores, and Early Readings
Scores were z-transformed prior to analyses

Sample of 4 year olds



Why? several theories put forward:

1. threshold effect (Scarr) - a ‘good enough’ environment is
important in achieving genetic potential, rest doesn’t matter

2. more effective gene expression in good environments, poor
environments ‘trap’ the individual (Bronfenbrenner & Ceci,
Raine)

“proximal processes” — quality of reciprocal interactions between child and older
individuals in environment
high quality - genetic potential reached, h"2 rises, better cognitive functioning

low quality — persisting disadvantage and/or recurring disadvantage leads to lower
h”"2, more shared e, lower cognitive functioning

3. environment is more variable in low SES groups and
accounts for more variation (Turkheimer, Rowe)



What might be the effect of positive educational
Intervention on achievement?

Which simple statistics would be useful in measuring changes?

What would you expect to be the effects of the following on these statistics?
* no change in achievement
no change in mean and variance or heritability
e everyone improves and scores become more similar
higher mean  lower variance lower heritability
« everyone improves, same spread of individual differences
higher mean  no change in variance or heritability

« everyone improves, those with higher abilities improve more, those with lower
ability improve less

higher mean higher variance  higher heritability

“when the ‘have nots’ gain but the ‘haves’ gain even more” (Ceci & Papierno, 2005,
Am Psychol 60:149-160)

However, eventual outcomes rely on : learning potential (ability)

+ learning achievement (knowledge) ambition commitment opportunity



Assortative mating

* non-random mating

* positive (assortative mating) — like chooses like

e negative (disassortative mating)— opposites attract
 effects are generally small, usually positive

Correlations between partners:
height r=0.25 weight r =0.20
personality measures r = 0.10 - 0.20
but, forg r=0.40 between partners

* most mate selection is on basis of educational background
between partners r = 0.60 for educational background
r = 0.60 between g and educational background



Effects of assortative mating

decreases variation within families

if unaccounted for, could lead to overestimated h? and
c? from family studies by

Increasing correlations within family

leads to underestimated h? from twin studies because it
does not effect MZ twins but increases DZ correlation

— effects of assortative mating seen as shared e

Increases population variation

effects accumulate over generations



Random mating Assortative mating
(or disassortative mating)
Parents Parents

children

children

effects of assortative mating should be factored out of data
before estimates of variance components are obtained



Non-additive gene effects  epistasis dominance

* In twin and family data, non-additive gene effects will be
masked by effects of assortative mating and shared
environment:

shared environment — increases all correlations
assortative mating — increases all correlations except MZ twin

non-additive gene effects — decrease all correlations except
MZ twin

If higher cognitive ability was related to higher fitness, would
expect to find dominance for alleles for higher 1Q levels

If alleles for higher cognitive ability were dominant, would
expect to find a depression of scores on inbreeding

Inbreeding depression

- hence, can find indirect evidence for non-additive gene
Influence by looking for inbreeding depression



Inbreeding and IQ scores

« Bashi (1977) + several studies since
Raven’s matrices test

Deqgree of consanqguinity Grade 4 Grade 6

n mean n mean
Children of unrelated 1054 8.8 1054 13.1
Children of first cousins 503 8.6 467 12.3
Children of double first 71 7.9 54 10.6

cousins
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Effects of Inbrecding on Raven Matrices
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