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vyoi ,-' -'d. tv :rite 3J0u words on tae pherzcmena of
 

u1mUn .rLAth isiikely to h aCvenightmare during which the
 
left out will be chasin,' him up nd
inme-se portions he has 

this paperdown velocity .nd ccoler"ctuioiI curves. Tncrofore 

will. bce limitii to specific problems includin; potentially 

,fi2. hucnan growth and theproductive relton teen 

of epid.' ,iolouy and preventive medicine.disciplines 

I siall nut ref;ort in± detail what a pediatrician. does 

every ti. ue he sees an infant or child on the first occasion 

thct is, lie places LIo zLtdividu.'l a"LLinst the i.%iole bacl.round 

of nor'ml physicL-I. .inte.iI.].cctul an.d social ,row-th variable 
c rc..ind onesef of

expec-V,,ncles with th iL. d"s.... b. 


this b.reun&, includi-L, such details as dental zrowth and
 

speech g.rowh, one :I. V cOLsuI.t any Weii written textboolt such 

t'(diari -or it intentio., to discuss the 
as -c Ison' s P cs. is my 

vast fiel.ds of conjeiital defects, includin, the newly 
and the interesting possibilitydiscovered metabol.ic diseasses 

thA t.i- u e ,ii:. 5 act -,s an i., 1u.oF;upressive, nor the 

although the glands c2 internal secretioneidocrine disordeoi,-
are a chie ." wa:y ini which heredity and. environmental factors 

.:,.ad disorders in groWth ana uevelopment.cause varinbiliiy 

I shall discuiss some ,:ethooIogical issues and will then 

Coincernl ielf withelaon..p;. between humn growth and tLe 
on methods. It ha s noen.,7iromeni'L wi.t. sotiie furtbe.r comment 

bcir, universa. The Tithodoloical problemspretensions to 
will De those 1,,hich.-I e u,!hLc _11s percuivod as being sensitive 

improvementareas requiring a. fuller ui~a estanc ing, or an in 

approach for oett &A,ilis't on; tiose 1di:Ll include 

considerAion of stabilil".*ir 2± riL.bl.s, reliability, the 
and sitol.itl %e, tne cros.-sectionalconco,-yts of bioleaical 

in msurin , change.and loritu.1 .al roaces a'd problcms 
.ijnviroijewntail influeice m. , ruwtii v:iJ. include c:ifects of 

.rowfh, the secular clialn,e,ad.verse ciurcun~s IubOs catcA--up 
some sex eo ,raphical differences.differences a.d so,,e 

http:metabol.ic
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Stable Variables
 

the whole person,
Given the difficulties of moasurin 

clearly defined orowti variables which
observers have chosen 

may be followed from bixth or even conception until maturity 

through decline until death.
 

one whicii not only der.onstratesA stable variable is 
onward prozression but is also chlura,,,cturisod uy a highregular 

correlation between meas.rements at differcnt- points in time.
 

might choose r = 0.5) as a I-Ainimum requireoaent, though
One 
the loiKt]i of time a±,d ri,.pidity of


this may vI.,.7 accordiiv to 
aature
growth. 6uci. a variable is body heigAht viiich re chs 

and where ti-cre is littlelevels before the age of twenty 
alreadysubsequent decline through old a.ge. oody h ;i:ht has 

by age na is then athree fliherereached 50'o of iiiature levels 
T'his is in contrast
.;2urity.0.76 correlation with height at 

recch 5U> of mature developmentto body weight w icL does not 
until P.Le I0 (correlation with maturity 0.70) aild stre.1gth 

by age 12 (0.73 correlition withwhich reaches the 50> level 
( 1 ecru, 1964). Tl'his early high correlation of the

maturity). 

variable heilit means that fairly accurate predictions of final 

height are feasible from mia ch-ilhood and in fact tablos have 

boon aevised (J.ayley alnd Piine,,au, 1952); tle equations which 

form the basis of tnese tables incorporite the Vw:Cialble 
of
 

skeletal a ge, representing biolobical m urity, Which is 

interwoven with patterns of evelopment towards final height. 

iieight p;-ediction is important for one occupational oroup 

who must know by a 6 e 9 within W-at li11;itsballet dancers, 
their mature hei-ht will be. ,:eiuht prediction would be of 
greater import to pract.tioners of preventive medicine but 

this would not be possible until a much later age (at least 

is bedevilled by the instability of the fat
pr.apuberty) and 

It is a difficultcomponent in the total variable body weight. 
may yet be solved by separatin; outproblem which, however, 

the wei8ht4 components 11nd usin, such fa'tO.Crs -s ftu::mi ly 
levels and their*fluctuations andpatterns, rvious fat 

cultural and psyc.1oloic,.t characteristics.
 

Reliability
 

The problems of reliability involved in measurinL other 

stable variables (P.. intelligenc,) ace not so apa.roet for 

body hei6ht yet even here consideru.b19 erors may b,. introduced 

by the chanbe from relining body len6i ."o staridir6 body 
of the dayheiht, by not measurinn- always at ui.h sad, tilie 


(h..i-ht may diinish appreciably in a subject during the
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course of a day of stcnding) or by not taking into account 

seasonal variaiJai.. (th, avera .e velocity duri. -the months 
°of i;.rch, April and hxr is 2-2k times tiha.t in September, 

0ctobor 2.d ovtrnbor)(.Lanner, 1962). .trrors may also be 
introduced by in.onstancy in the motivation to stand truly 
erect with the iead Jn a constair, position and by the 
ii: tru.t i ...... if- the type of slidinx adjustable headpiece
attac'hed to It, e usul precision balance have anLay error of 

uip to 2 cm -. Und the ine vitable recording' errors especially
wheln th o,.,rvor himsulf must write down the finding-s (Garn
and 6hanir, A-953). A a 1liable method, is one which employs a 
,art-".n 11iathropoieter oe similar instrunent with a standard 
posi Uion.
 

iolo,,ical versus ci-ronoloc ical ac e 

At the tiiie of Puberty the variability o leight increases 
markedly. Correlations with mature height decrease during 
this period. Two boys of tile same are but of differing
maturational levels may differ by as much as 20 cm in height 
and 20 kg in ioieht (uoutourline Young, 1963). Conversely
individu-I.iidiffcrin7 as much as two years in chronological 
age may be similar in most bouy measurefients. Use of the 
concept of puberal (Uxreulich et ai., 1942; Schonfeld, 1943) or 
biological age reduces this variability and presents norms 
against which physicians ,nay interpret Lgrowth phenomena with 
the sai-,e ]?recision as before puberty. euberal ae may be 
quickly aid reliably i-imeasured. by rating and combination of the 
three variables testicular volume, pubic and axillary hair and 
its calculation is essential in many clinical situations, for 
example, if one must interpret a haemoglobin level in a male 
during tile course of puberty (Joutourline YounL, 1962). The 
usefulness of this concept at puberty provokes thou&iht as to 
whether an anzilogous measure miht not be developed for old 
age, ulisu, for exaiple dcrees of senile osteoporosis or 
amount of collag.en p.r unit area of stin (.. 1 .. J., 1965)t as 
well as other physical and psychological variables. 

To illustrate tao usefulness of the concept, in Fig. 1 
I have plotted increumrnts in fat and musclo. ai ainst puberal 
age in adolescent malo subjects from our own research. Of 
interest is -We rise in muscle and dip in fat increments at 
mid puberty when the androgenic effect is maximal. 

http:collag.en
http:individu-I.ii
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Skeletal at;e 

Faturation is also reflected in bone development. 
Skeletal .e8 is correlated hi;jhly with "puberal age" and has 
the added advantage of identifying early a.d latc(>developers 
even during the long precedin,, pociod of childnood, thus 
making heig-ht prediction fetisiole as vell as being of 
inestimable help in the i.dentificJation of growth di.sorders. 

Clinically the method of ureulich and Pyle (1953) has been 
most used, wlhereas for research .- there been moretrposqs ha:i 
recent use of scales which g-'r," ",roin; to diffcrent bones 
in the hand and wrist (Tanner a,.-1 sntniehouse, 1959; TP'inner et 
al., 1962). Table 1 presents correlation of some growth 
phenomena with skeletal age as estimated (a) by Ureulich and 
±yle (b) by Tanner Whitehouse (c) long bones (d) carpus alone. 
In this table on' may see further evidence that the Tanner 
hitehouse method does ii fact increase precisiou. liowever, in
 

view of the extra time involved, the Groulich Pyle 
interpretation, possibly in an improved version, may wrell
 
suffice for ordinary clinical use. Of i0reat interest is the 

relatively smaller .,,alue co,.ributed by the c:-rpal bones to 
the overall picture. This has already been pointed out by 

jcheson (.cheson el al., 1964) whose own work (Achcoson, 1957) 
preceded that of Tanner. 

The cross-sectional or longitudinal approaches
 

Thus enjoined to find out how much the environ:nent may
 

affect individual human variables, to identify the environmental 
factors and then to manipulate them, the research worker iwIst 
make some decisions. The first is the approach. khould this 

Th, 
 -.dvanta-es andbe cross-secbional or lon-itudinal. 

disadvantages are well known. It is as..'uned th:.t both types 
of sample are w;ell chosen. The cr'oss--,:cbioial (normative) 

approach promises less grief in thiat ,, o lo-dii); ol subjects 
in a longitudinal study is a masochistic exorcis, for the 
principal investigator. iowev,,r, to ob..ain equal. T)rec-ision in 
the estimaLtes of increments in height, whcre th,.. cou:rclation 
from one period of time to another is of the ord'er of 0.9, a 
cross-sectional sample of ten times the number w:ould be 
required (XIodlin and Thompscn, 195;3). A st prc,-;sion index 
may thus be calculated. If , however, it is impo.2Lant to 
estimate acceleration or to calculate corrulations with later 

is no subsLitution for Lhe lon-iitutinalstates then there 
approach. The dangers implicit in retrospective dta are also
 
much less. In a recent study we were able to follow a hundred
 
girls through menarcheo After some years there wa. a follow up
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study concerned with menstrual disorders. In this study the 

to state the precise ate at menarche. Theregirls iwcre asked 
elapsedi:it appreciable error of recall related to the timewas 

al., 1963).since the ev,:-'nt (Bouturline Young et 

It seems likely that some future longitudinal studies 

will be broken down into smaller tiie sequences. Observations 

on the age periods: conception - 4, 4 - 9, 9 - 14, 14 - 19 

years i a;y be done at the same time on different but comparable 
and 9 moatiis of developmentsaia,us; thus ti,.e first 19 years 

may be observed. in a .- e or six year period. 

i ooi datame-: sru .iProb.e!- of 'i 

inDifficulties in the manipulation of increments 
several major ways. One difficultypsychological data arise in 

is that tihe hi _her the ct-rzelatioi bc0tweeil a first and a 
of thesubsequent observation, bhie lower is the reliability 

the lower the correlationdifference. ,t the same time 
two tests the less they mm,,y measure the samebetween 

is about validity of thecharac1Jristics. uother doubts the 
changes at various points on eassumption tiat equal score 

account for equal chan"es in the characteristic.scale 
discussed these and1ereitcr, Lord and others (1963) have 

other problems ani proposed some solutions,
 

Effects of ,nvironment
 

Growth] in heilIt 

i-iaximum height velocity is reached about the fourth 
negatively accelerated extrauterineintrauterine monta and the 


curve continues until prepuberty w¢hen there is another period
 

of positive acceleration, The caildhood curve may be expressed
 

as L = a + bt + c lo- t (l = hei -it,t = age) (Tfanner, 1963)
 
best (veming, 1957) by the
 aa tie puberal period perhaps 

curve, a skewed 3) shaped exponential.Gopertz 

endocrine disorders and walnutrition mayIllness, 
sarowth. influences may have nosnortinterfere with while termn 

permanent effect, more severe or long lasting- insults may cause 

marked retardation from which however there is a rebound 

pheno,*enon upon relief from the unfavourablo circumstances.
 
6rowth' during, which
This ,.henomonon i.s known as 'catci;-up 


heigi-t velocity ma-y reach over twice tle average to be
 

expcted at the a~c in question (Tanner, 1963), althou:h the
 

orit inaliy predicted levels way never be attained. Tanner has
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pointed out that the catc!' ,-up pboaoitenon at birth appears to 

be a principal 1 echanisim in tiie maintenance of variability in 
lutyth by uterineadult size. is a result of coi trol of body 

body heiit is only .2 at
factors the correlation with mature 

almost .7 at 2 years -'uddunhaaii audbirth but increases to 
Snyder, 1954).
 

do not last loiig, !:he catch-upSince most illnesses 

ensures that most effects un growth are not
mechanism 

ie-ports of -ro-A.1h impairmentrecognizable in the lon:; run. 
t. )l].ness or rea-bd. illna~sesin association with moder: 

it is difficultleave some C-.oubt a.s to the c&.-e, as mostly 

to assess otiPer environiaental influences as wel as genot ic 
1960). Ho.ever, severe chronicfactors (iillcr et al., 

illness such as anaemia or 	 nephrousis m;y ciU'e perimianent
 
miicui remains to be ].eLint ro-,arding
growth impairment although 

the specific mec.!aicnisms involved iu'or examrole, in severe 
in heilit is related tocongenital heart disease impairment 

degree of cyanosis and thus presumably the degrue 	 of anoxia is
 
some
involved (Campboll and Leynolds, 1949). fhere is 

-,uty ale- int.erfere withevidence that psyc.-ulji6 xaldisorders 
2atton a .d iardner, 1963)

physical gro1th (,-'iddowson, 1951; 
although the mecanisms 1ave yet to be uindecstoott. Ac;Ieson
 

work
(1960) has recently summaarized 	 werbinentby hi,,iself aud 
to illness or poor environsuientalothers where growth is related 

conditions.
 

Physicians are frequently asked to retard the growth of 

tall girls. Atteinpts to achieve this by the use of estroiens
 
1962). jIthou~h the

have not been effective (oayley et al., 

to a imarked degree the rate of sk.eletalestrogens increased 

-the final height did not differ si,,ificaatly from
maturation, 

grew ;nore in a shorteor time.that predicted. The girls 

opinion asLate developers are somietimes brouiit fora: 
iy own unit i.as records On 	 10,

to possible endocrine therapy. 
&'o. re is

boys treo'>d else;here with chorionic onaq. .s, 

no evidence that th1i theraz.y caused aiijr .rct'.L3C in i inaL
 

height but it did appear to be associated with some
 

psychosomatic disorders.
 

phical measures"The secular chal:e in 

-ad li.avier thvnIn western cultures adults are ta.ller 

they were a hundred years vo. Lien are soi::e 10 cm taller and
 

also becomefrom 5 - 10 kg heavier (ianmer, 1962). .omen have 
(e. . the ulitUd J&LteC)taller although in certair, 	cultures 0 

1t.he
they have become lighter in relation to tixei± heiijit in 
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past 50 years. The average American woman of 25 years has now 
becorn;e 6lLs liihter; instead the unerican male has become 
heavier (,::ociety of .,cituaries, 1959). In a typical western 
society tu'e exdoctaLjon of life from birth to 70 is ,-reater 
for femaie,; ti-ii It is for males and tile differential has 
increased r:xrhedly in tihe past thirty years. J1ow much of this 
Iml.y be assoeiit~ed with weight differences is not known. 

The tiimof ,n-ical maturity at adolescence is also 
.changing. In westcm%: ,urope over the past 1U years menarche 

has beea occurrin .' r ontils earlier earh decade (Tanner, 
1962). Th:: is ac.>:arying earlier maturation in males. The 
lack of zic-niici.cant c,,ui~es over one ueneration in a well
nouris1hed :uneican group (,-zcCammon, 1965) sugests that there 
is a limit to i,1he sc: tr ci-ne and indeed it is possible to 
calculate this, at .e10.,t insofar as mature height is concerned. 

The evidence on identical twins reared together as well as 
reared apart suggests that about 90Lo of the variance in height 
may be attrituted to hereditary factors. The remaining
 
approximate 103 will be deterrnined by the environment. 11oom 
(1964) has calculated that abundant - deprived environments 
may cause height differences as follo-os: conception - 3 years5,4, 3 - 12 years 3.2'i,, 12 - 13 years 1.4.. In animal 

experiments LLcU;ay (.-icuay et al., 1935; a:IcCay et al., 1939) has 
demonstrated varia'ion in body length by moans of restricted 
diets of up to 113> and in fuct iricultural research 
sta1.isticians hnow i:ell that by special feeaing's at appropriate 
Oro':-Lh periods it is possible, within certain limits, to 
produce animals in specified combinations of bone, muscle and 
fat. iks a matter of inter st, in i--c(;ay's experiments the 
fei-£:les resisted the uifavourable environment better and in 
&enerai nutri tionally deprived animals lived long;er. The 
effects of undernutorition on leuioth of life in rats has been 
discussed by ,oss in i.et and. ijodily Constitution (diolstenholme 
and: UWConnor, 1964), derivin.g from the Giba X'uuaidation "tudy 
(+ro..,p Y'o.17. This book is also a source of ,iuch other thought 
provokin,.; in formation. .j'rom the wei-jit of evidence available 
it mus.tA be iniferred thait the en.-iroinment exerts its greatest 

-influence during the period f most rapid growth and that the 
secular chaai.e is most likely associated with better nutrition 
and cnlild care, althou,,h it cannot be excludck. that a small 
tirt of V,- increase iLI adult hef i it is due to heterosis 
;,ulse, 196,) . In our own stuie., when mother dauahter pairs 

were considered, the -reatest decline in the ag e of menarche 
was found in families wno had imove& rapidly upwards in the 
social scale (,'outourliie Young ot al., 1963). 



Further sex differences
 

A further exaiplu of male vulnerability is the course ofgrowth in Japanese 
 exposed to atoni'c radiationfollowing atomi.c bomb,.<:, it wo years fo.Llowini, exposure boyswere significantly mo -e retarded -haa girlsa in skeletal age.In children wihio received ,cci,,l rzidiatioai 1i tlc 'iae'shall
Islands, whien observations we:, -ado after al 
 ijitCrViLl o two0years, the ingrowth .heiihi of girls was unaffected while boyswere five centimeters smaller 1iian expecte . 

On tie 1:e..sis o. -0 .".. hi1s between the intellifencesand sbcial a-.id e:noti.'-::.", :_.riors of mother and child, ikyloy(1963) has hyj)-thesi- in infancy wales are more affectedthan females by Kcerti. oniental factors in. intellectual 
and emotional aspects of ,rowh.
 
eofraphical differenc : .n t
 

French and British 3..dies in Africa (ean, 1962) have
shown that African irnfs.,,t do not differ-reatly 
 in their meanlengths and weiL;hts from current in,,erican standards. -iowevergby one year of age they were not makin 6 the same prolress andby the age of three were aw-rkedly behind. These chaing-es havebeen ascribed to undernutrition and there is evidence that this is
at least partly tru ., a recent paper reportin- growth curvesof healthy middle cl.. -i da children shows a concavity inbcth height and weigLt c- '",.;2s between 12 and 40 months( utishau:--i., .965). .'urt!;2r work is necessary to determine
if the Crt-'h curve is gene','.cally different 
from Lritish andAmerican .' "idrenp which seems unlikely, or if some essentialnutrient .:: not available or effective despite the satisfactoryeconomic .cctustances. Catch-up -rowth subsequently occurs,as by 50 zi:at'ins the African children have again, returned to
the Britishi 6rowth curve. 

It is of interest thaL condit*ions of soevcro nutritional
adversity such occurredas in Liollitild durinr !944--1945 mayactually affect the wei-ht of the foetus. 
 A 1.70iht reductionof 240 gr occurred in new infantsborn duri.._ this perio,. 

A recent advance in the identification of the relativeparts played by calorie and protein defiiency in sttI,: ofundernutrition has been made by the use of LC:e hydroxyproline/creatinine ratio in the urine as an index of nutritioal! statusand rate of growth ('hitehead, 1965). 
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Growth in other thq.upLhy.i..l var.nrbles 

Intelli-enc! has al.'ady been mrintiouea as a statue 
variable, that i ;, uiri Ln;halthy c'.Ive].opment it is not 
readi).7r reversile. L3y Ikr. tV-.1o the correlation with the
findinva at age 3.7 has alroa-iy rev;' ed .41, by age 4 it 
reachzS .79, by 111 it , i .92 (z ,yiey, 1949). ionzik (1957) 

has sho;,,n that w )ted chil-.ren, u; they develo), correlate 
pro~r.v.:ivo y moe ehi ,%ly with theIr real parents and less 
Arith Lh iL adopt " .eJni;,s. 11,-wever, it has been uemonstrated 
(AnasL-i, 1951-')) --'ha. n~ia twins reared Xi dissimilar 
envi.ron:xonts :,a', :: >by: as .auch :Is 20 I. . points and B8loom 
(1964) h.s nypo . ,ized t.,is as 10,U,4 respectively for the 
periods birth - 4 years, 4 - 8 years, 8 - 17 years. There 
seems little doubt hat iwhe development of iL-%clligence is to 
some c:'et,e rciatcd to th'. environxrment, especia'lly in the first

alh.ough .lworliers (ut, 1938; ed syearsyerof. life, other (3urr, 1958;ron Shields, 

1962) do not ', ve as muc-h im,ortance to the environment as 
Bloom. hfowever, (iata from the Fels Study (Kigan and i'oss, 
1959) indicate that maternai education may be an important 
factor in promotin gr a child's I.Q. score. In contrast to the 
findinfs with re-a-rd to heir;ht, there is now evidence that 
under favaurabie c.rcumistancos intelli-,ence, aid in particular 

tz, in:r untilitl vcrzu mzpczmay slow positive devclopment 
age 50 (I.lyley, 1V55). Already twenty years ago it had been 
demonstrated in -ng:land (.aven, 1948) that in individuals -with 
high initial levels there was little if any deterioration in 
performance in verbal intelligence scores until age 60.
 

Just as body height was chosen here as an example of a 
stable physical growth variable, so performance on reliable 
intellicnce tests was cited in respect of psychic development. 
Other benavioral Measures such as achievement scores and 
personality asses-menus could hzve been cited; these have been 
well described by jiloom (1964). 

Relatiqonshi betw..eon wtria.b.es 

Individual vari.ations in I.Q. score d.urin, a longitudinal 
study have been reported by 0onta6 and colleagues who showed 
relationships between Eeasures of need to achieve and changes 
in intellectual performance in the years up to ten (Sontag et 
al., 1958).
 

It has been demonstrated that there is a positive 
correlation betweon height and intelligence (Shuttleworth, 
1949; Scottish Concil for 'Lesearch in j~ducuztion, 1953). As 
there is also a socia). class correlation with both heigh-t nd 
in elligence, in 1thtat bo Lh increase pro6ressively towards the 

http:wtria.b.es
http:readi).7r
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more privileged end of the social spectrum, it."-ias thou,.,ht that 
the explanation lay tliere. However, in a recent paper by
Douglas (Douglas et al., 1965) it appears that neither sex, 
social class, family size nor phase of pubui-ty can be advanced
 
as an explanation. The reason must still be sought.
 

The environment u d ,d it,3 ieasuremet
 

.loom (1964) has shown -that the use ot' 1he variable
 
"environiment" markedly increases preci2ion i.n the e:;%.imates of
 
mature status of a human charztiteristic. This implies that in 
equations wreze it is known ,iLat a human characteri.,tic should 
be under favourable circumstances one may .:,I.ve for the variable 
environment and this !- i/ prove of real va>. for u ,durdeveloped 
countries in calculati. ::s of necessary eco.umic inPuts, 
assuming that the welfai-e of the people is a central issue.
 

It..is plain that a major difficulty in the bioloical and
 
even more in tile beha-iioral sciences has been measurement of
 
the environment. iielationships between social class and "
 
intelligence have b-een known for some tiie (}iiavighurst and
 
Janke, 1944) and some features of this have been emplhasized

(Boutouriine ioung$ et al., 1962), but social! class ,tiuy be a
 
relatively crude measure. There is evidence that tnh limited 
variability in intelligence scores apportioned to environment
 
is related chiefly to a specific education factor in the home.
 
(Newman et al., 1937). This factor is related to stimulation
 
for verbal development, tile extent to which there is reward
for verbal reasoning skills and reinforcement for a wide degree
 
of problem solving.
 

Bayley (1965) has recently reported results of mental and 
motor tez ing from 1-15 months to what ,ptppeoar to be L;ood 
samples of negro and white infaats ,nu to a si.aller su~n'e of 
Puerto Rican babies. There were no differences in mental 
scores up to the age of 15 months. fhis contrasts with 
repeated rports of considerable di 2'fercncL3 'el:eY:,.1e Wl,-se 
groups from the agle of 4. It is cluar tha-i the period from 15 
months to 4 years is very important for development 'f mental 
functions and further invostigation of the unviro.-::.,n-, is an 
obvious next step.
 

In the biological sciences a snmll experiment of our own 
has shown that holding good overall health care constant, the 
administration of meats in substitute for carbohydrates to the 
randomly chosen experimental subject of paired infants ill 
significantly increase body lenrth during th, period 5 - 8 
months and also for the period 9 -. 12 months althouh to a 

http:el:eY:,.1e
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lesser degree in the second of the two periods (Boutourline
 
Young et al., 1957). This reinforced our belief that the
 
period of most rapid somatic growth is most susceptible to
 
environmental influenco.
 

It is clear that thore is need to identify environmental 
variables closely related to humain growth characteristics and 
to develop metlods to ,measurethem. 

This paper has confined itself to aspects of growth and
 
the environment wnich particularly interest the author. A 
host o1' probl - -'uich as relationshi.'-s between both body build 
and sex with .- ration rate have beeun deliberately omitted. 
The choice of Lo-oics has been the areas which have appeared 
"sensitive" - L.a."is, open to good pro~ress with well directed 
research attbac'. 3. The paper has souhit to define in selected 
characteristics the proportion of variability determined by
heredity and environment and from then on explored ways in
 
which human -,-rovrth variables, both physical and mental, may be
 
related to s.ecific unvironiaental factors. It is hoped that
 
such research efforts wi.l not only point the way to control
 
and remedy of disease and deficiency disorders, but also assist
 
in obtaining for the ordinary person the development of his or
 
her full potential. 

I am indebted to my colleagues Richard Jessor, Gino Tesi,
 
James L. Whitteaberger and ilizabeth ijooutourline Young for their
 
constructive criticisms and to The Grant Foundation of New York
 
for the major financinl support of this unit.
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TABLE 1
 
Intercorrelations of some growth variables, measures of biological maturity and skeletal age in 78
 

Boston boys (average age 14.4 years, SD 1.3 years)
 

Variablo 1 7 8 9 15 16 17 18 19 21 22 23 24 25 
Weight 1 - .73 .53 .73 .61 .53 .63 .53 .63 .46 .64 .64 .68 .70 
Sitting height 7 .73 - .52 .82 .77 .82 .35 .04 .32 .65 .31 .C .22 .86 
Leg length 8 .53 .52 - .61 .44 .48 .49 .48 .49 .37 .44 .50 .47 .50 
Arm length 9 .73 .82 .61 - .68 .63 .74 .69 .73 .60 .73 .75 .78 .80 
Dynamometer 15 .61 .77 .44 .68 - .64 .72 .73 .76 .60 .72 .74 .71 .76 
Axillary hair 16 .58 .82 .48 .63 .64 - .87 ,C1 .87 .69 .74 .77 .62 .TG 
Pubic hair 17 .63 .C5 .49 .74 .72 .87 - .91 .92 .74 .83 .36 .83 .88 
Test, volume 18 .58 .84 .43 .69 .73 .81 .91 - .88 .70 .7" .C3 .77 .83 
Estimated 19 .63 .82 .49 .73 .76 .87 .92 .C3 - .78 .83 .n3 .78 .85 
pub ral age 
Chrenological 21 .46 .65 .37 .60 .60 .69 ,74 .70 .78 - .70 .66 .66 '71 
aZ,,aC 
Skeletal age 

Greulich Pyle
Skeletal age 

22 

23 
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.50 

.73 

.75 

.72 

.74 

.74 
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.83 

.86 
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.83 

.83 

.70 

.66 

-

.89 
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-

.87 

.83 

,92 

.94 
long bolnes 
Skeletal age 24 .68 .82 .47 .73 .71 .69 .83 .77 .78 .66 .87 .3Q - .98 
carpus 
Skeletal age 25 .70 .86 .50 .80 .76 .76 .88 .83 .85 .71 .92 .94 .98 -
Tanner Mhitehousc
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Figure 1 

I N C R E 1 E N T S 

3cm--

(2mm.d 

0 
,\\ 

,#\" 

o .... 

o .. 

o0---=.. 

o.. 

Boston 

Rome 

Boston 

Roie 

Bono-musclo calf 
increments circ. 
(cM) 

Skinfold supra
cros tal increments 
(mam) 

, 

2m 

ci(1mm) 

.m,.---. 

(a )-

Oc 

ic 

, 0' 
,II, 

/.'o 
1 

'ie0 

,1 

/ 

. 

// ' 

'N.; 

P 

I 

, 

0 

"'0 

.o
0, 

-0 

.. 

e 
./0 i 

, 
.\ %/ ':0 

I'\
i, 

6,"/, 

Ocm...... 

1 1-2 2-3 3-4 4-5 5-6 6 1st Year 
aftor 6 

PUBEIAL 14.TURI TY 


