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The purnose of “his study was to find whic of thirce methods
of descriliing the mental jrowth scorer collected lon:itudinally for
ohe hundred individuals voild :.ost accurately describe the growth
pattern formed br the actual test scores cf these incdividuals, The
three metiodsused described rmental _rowih as ¢ (1) a strai,ht lices
(2) a single=cycle ncgativelv accelerated curve; and (3) a m1ti-

cvclic curve, It was acsumed that a statisticall: oi mificart <if-
ferenece in these three methods of descrilin the obtained rental a e
scores for an individual wo ld indicatc t>
reprecseated a rorc earl - errrect theoretical cture of tro nature
of the nental groth crrem,

Caccs wmere selected from v pvewcborn cata asserbled by Uocter
C, J, !illard from t'c lewr Ford Dctonl, carbomm, Ldet i, on tle
bacic of a range of teci scorers ottained & rinvgz the re-adolescerty
period and on t'z basis of chrricni crowth Dwlicaticorg, oxtonling
into the adolescert tcriod, anc fuelucing 2 miv.an of six rental
age scorez for e inclwvidnal,

A ctrai ht line prowth deceription was ovtalacd 'y awltiplyring
the rncan 1,7, obtal-cd ' an individual Yy the chreaclopical age
at tre tie o7 cnch oot adiiviebration, Ll cocle grovttl crrves
vere conn bed veln the ZTorala devsclooed 1y B, Tedlnic, o aaulti-
c cle conations were vritben vl o Yo Soontis tectrigre,

LAverace deviatices wore obta'ned Jor eac’ ctbod o ench
case b trcen fhe scorc achrall- olbaincs on b test a ¢ the derived
throretical scrre, recrenct < otril ctionc wore dram o the averas e
ificance were rade to copare

ceviarniors, and tests of statistica

the 1rean averace deviation ~f cach of 4+ *lavce wetio =, A el



avcrn e deviotion of 1,7 renihs wain fuanl Tor cntal tost data
described vy rmlti-cvele excilo o, v Lo oan deviations of 7,1
wonths and 0,2 months werc fo nd for sngic cele a2l stralohit line
methods of description, Tre differcnce Vetwee . the mcan averaze
deviaiion found in writing relti-cycle equabions was =i nlficantly
lower, ot the one porcent level of coafidence, ©an the reun average
deviatiin ofF "' obh r two methods ,

\

I. comaaricon of the nicar aera « devisticas o tal.ed Qwin:g

©

4.

the sarc ten-montt o crled of ctronclo feal a e shoyved that both tlie

stral, » lisc a % the i le cocle 1¢t o 5 «f deceribing growt

i

3

shove? a shatistically si mificant Inecrcase after 100 Loilis «f age,
1hile thc rea arrra o devintiens obbat wed Ty the mlbti-cocle retod
Aurinc cacl ten renth Interval uas relattvelrs conctoat,

It voe coneleded thot ¢ ental (o th pattern choim b the

- N B
I
'

actal test sceres of an SOividoal are cove cearle deseritedl by

line yrovih equation,

Sht

nlti-c clc srouwth eovodicons than e efther 4 s’ 1o cocle or a stral
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CHAPT=R 1
THE PROBLANM AUD DEFINITIONS OF THRNS US=D

Since tune d=zvelopusnt of standardized instrumeants for
measuring intelligence, isychologzists and educators have at-
temnted to use these 1lnstruments in order to discover the
exlstence of a geaeral nattsrn of mental growth which is com-
mon to all hunans. In 191¢ Terman stated:

The Standardization of the Binet scale on the basis
of age-norms makes it a sultable instrument for the 1in-
vestigatioan of mental-growth curves, By applying it
reveatedly to the same chilirea we can find oat whether
constaney or irregularity ruales. Predilction ninges on
the guestion whetner a child wrno is found by the tast
to be 3 glilven ver cent bove Oor bhelow the mental level
normal for hils =a:e continues to be accelerated or re-
tarded to the sam=2 degree. The answer 1is {onnd in the
exteat to wnleh the I.Q. remains coastant.

Altnoagh efforts have been made to use iatalligence
test scores in an attempt to ascartain the nature of the meantal
growth curve, Freamaa pdlats ouat tne factor waich nas limited
nost of the studies in thnis area, stating:

'he nultitaie of scores of children of various agss
which have been yatuered from the application of various
mental tests ylelds a mass of material which give 2
basls for more valld estimates of the character of intel-
lectual growth than we have previously possessed. It is
true that these m=2asures have usually been limited in
one resmect. ''hey have been made avon differeat cnhildren
of dAifferent ages. They have not, that 1is, glven suc-
cessive measures of the canacity of th=2 same child Aat

1 Lewis M. ‘Terman, The Intelligeace of 3School Children
(New York: Soughton Mifflin Counany, 1¢19), p. 137.




successive periods in its growtn. They therefore glve
18 only a mass picture of the general characteristics
of growth, and do not enable us to determine wnat tuoe
fluctuations in the case of 1ndividuals are.?

Dearbora and Rothney3 illustrate how the uce of norus
derived from age groups can dlstort the true rnicture of in-
dividual growth through a comvarison of a growth »nattern for
girls in rhysical and mental growth described by Boas, with
growth patterns based on individuals. Dearbora and Rothney
find that at some time between the ages of alne to fifteen,
tnere 1s one year whnen nractically every glirl makes a more
intense s7mart than the average described by Boas. lhus,
Dearborn and Rothney exvlaln, "Since theses spurts cone at
differeat life-ages in individual cases, a curve, coastructed
after tie nmaaner of Boas, teads to "swootn" tns adolescent
period and make it appear to Le a more galescent period than

1t actually 15.4

2 F. N. rfre=man, "Indiviiual Differeaces in Meatal
Growtn," Scieace Moathly, 37.

3 Walter Dearboran and Jona Rothney, Predicting the
Cn%ld's Develovmeat, (Cambridge: Science Art fublishers,
1941).

Y Ibia., p. 232.



3
Baldwin and Stecher,d Krogman,® lillard,’ Courtis,®
and others nave agreed that patterns of growth for individuals
must be derived fron tue study of individuals over a time,
rather than from the study of groun norms. As Baldwin and
Stecher state:
All of these problems concerning the general trend
of the growth curve, tine rate of improvemeat of children
of different intellectual ability, variability in mental
developmeant, tne vpossibility of predictioa in mental
growth, and tre relation between vinysical and mental
growtn can b2 solved only throagh a study of consecative
re-examinations and observation of the same groi» of
children throaghouat a numnber of years.>
"Every child is unique;" affirm Gesell and Ilg, "but
every child is also a memder of one human species. OUbedient

to these species cnaracteristics there are growth sequences

which ars rarely or nevar circumvented.'lo The nresence

0> Bird . 3aldwin and Lorle 1. Stechar, "Meatal Growth
Curve of Normal and Superior Childrea," (Unilversity of Iowa
Studies in Child Welfare, Vol. 2, No. 1. lowa Clty, Iowa:
University of Iowa).

6 Marioa Wilton Krogman, "Treands in the Study of
Pnyslcal Growth in “hildren," Child Developmeat, Vol. 11,
December, 1940.

ct

7 C. V. Millard, Child Urowth and Development in the
3

Elementary School Years (Boston: D. C. Heath Commany, 195

).

8 5. A. Courtis, "What Does the I.Q. Really HMeasurs?"
Natioa's Schools, 11:21, January, 1933,

9 Baldwin aad Stecher, ov. cit., pn. 5-5h.

10 Arnold Gesell and Arances Ilg, The Child From Five
to fen, New York and London: Harper and Brothers, 1CG46),
L. 57.

o

|
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of these two ractors, uniqueness and sequeace, both must be
considered in studying aany asvect of human growth. Krogman
states, "We have long focussed upon the grouns, and the po-
sition of the individual growtn curve in the grouv, and have
constructed averages--'norms of mediocrity,' Todd callei
them--degrees of devarture fron which there was a ms2asure of
aberrancy. We now look mora intently At the individual growth
curve as an exvression of 1ts own norm."11

tnis study utilizes the longzitudinal method described
by H1llardl? by examining growth vatteras of svacific indi-
viduals in an effort to galun insight into the speciflic sequences

followed by human beinzs in terms of meatal srowth.

I. ''HE PROUBLEM

Statement of tue problem. ‘rhe pursose of this study
was to investlgate the nature of neutal growth by determining
whnettier scores oHbtalned by individuals on the Kulilmana-Anderson
Intelligence rest during the vre-ajolsscent neriod and ado-
lescent period are best Jdescribed by (1) a single cycle growth
equation; (2) a malti-cycle ;;rowth curve; or, (3) a straight
line. A secoadary :roblem was to nscertain the variabllity

of the 1.Q. of the individual s showa by repeated testings.

importance of the study. "“When we study the maturation

of individual organisms of any type or kiand," contends 3Stuart

——

11 Krogman, op. cit., »n. 283-28%4,
oD.

12 Millard, cit., pp, 1-20,



Courtis, "we t'ind that nrogress toward matarity follows a
siagle genetic patteran. +This nattern nas tha form of a dis-
torted S or skew curve, th2 second talf of the curve takilng
a longar time thaa the first half.*13 werman states, "If we
had a perfect scnle for detsrmining the mental age level, and
if the 1.Q. remained absolutely constant, the 'curves' of
meatal growth would be a stralint liae from oirth to the
point of ment:l mﬂ.turity."l4 "The commoa view is that the
courses ol intelilectual growtn turougn this period (middle
childnood to latver adolesceace) 1is renresented by a negatively
accz2lerated or uvnrabolic curve," arrirm rreeman and Flory.lf
Thus, taree distinct theories have veen advanced con-

cernicy trne went:l srowta segience of individanls. Bach of

2]
2

these theoriess nas

.
.

imvlications in terss of low nental test
scores shioald be laterpreted »y t2achkers and school nsycholo-
Eglsts, now wental tests snould Le cornstructed, and what
changes may be expected in an iadividual's I.9. scores,

This stady should also halr to answ=r rone cf thue
tiecraticnl questicns in the fleld of child jroviti. aadl Jde-

velopunent, The cycllic aatire of poayelcal growith has bean

13 s. A. Coartis, Townrds 2 Sclence of Educntion

e
(Aan Arvor, lilch:izan: Fdwards Brothers, 1951), p. 9.

14 ferman, op. cit., p, 47,

b

15 Fraak rFreenan and Caarles Flory, "Growtn in Intel-
lectunl Acility as lieasured b lepeated Tests," lionogravus
of tue Soclety for Regenrcn ia Chilld Develovment, 2:2, 1937.
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demcnstrated by Husch,l” Courtis,17 Mlllr-xrri,l8 aat Olsen.19

Others have hypcthesized the concenrt of growth interrelation-
ships--a definite raralleling of all patteras of growtn witnir
an individual. Slace pnysical and academic mensurements are
available oa tue subjects of this study, Lune data collectzd

on meatal growtiu way te asad by others in studyinz the nroblenm

of growth Interrelationstiicvs.
II. DUEAININIONS oIb 034iS US:D

Growti cycle, Used in this study was tie definltion

Given by Couartis: "A cycle is deliced as a well-marked vpariod
of maturatiom Jurin. vhilcan tue organism, forces and end yro-

ducts are constant."zo

Sirrle cvcle gro-th curve, Tne theoreticnl grouth

v
1.

curve derived by Heiris?l 1is expressad hy tne lcoarithmic:

15 Reuben 1. Rusch, "ihe Relationsiin 3Between Jrowth
in Heipght and ogroutn in Velisit," (uapuvlished Master's thesis,
Michirnn State Colle,e, 1¢54).

17 Courtie, ou. cit.

et ® o —

lo Millara, oy. cit.

19 Willard Clsen, Child Developmesnt (Boston: Heatn
and Company, 1¢4¢).

20 Courtis, op. cit., ». 17.

2 Ce - L
2l H. Heiais, "A Personal C:astant," Dhe Journnl of
Baacztional Psyekoloyy, 17:173, 1925.




Y = L(l-—ek‘) X = are

Personal constant. According to einis, "the personal
coefficient cf any given iniividual 1is egaal to tlhe resalt
of the 1lat=alligzence examinatioa divided by the normal decree
of intelligence corresnoadins to ris 2ge, botn measuares belag

given 1n assolate graiaution."24

lental growth. ifor tie vurpose of this stuly, m2atal

crowtt is defined as the rattern of irncrem=nis shouwn by 2n
< . s e . ; 22
1ndivid al on rensated testings witn Sthe Kubhlmhan-inderson~~

Intelligence Tests.

Multi-cyclic growsh., Growti &ata wolcn when ;rraphed

~

suovwing a vatterna of accelerati

@]

a wndl decelaration ilcn

sSLoug more than oae ,rowt.. cycls,

Isocirca. One per ceat of tiie total tilume reguired
for a growti, carve o cuange from a Jdevelopment of 0.00000013¢

ver ceat tc a develoracut of €¢.¢0017 per cant.

v

22 Heinls, loc. cit.
7, Kuhilmana aad 3Iose And2rcon, RKunlmiainn-Aadars
23 7, Kubl 1 Rose 4and , Kunl Andarson
Intellireace Teste, (Princeton, ie: Jersey: Personnel Press,
1952).




CHAPDZit II
REVIEW OF ‘Diin LITSRA URE

In order for any study concerning numna growti. to have
scientifio merit, it 1s essential thnt sone kind of patterning
of humnan growtis be present within individu=ls, for unless some
pattern exists, no descrintioa of numan srowti signilicant
for iundividu=ls can be made., Althougih the llteratire shows
many disagreen=nts abuat Just wint natteras are vresent, there
is much supvort for the concevt that thners are patterns--
that an individanl's rsrowth is not ¢ .mmlebsslr arrntic.

Gegell =2xamined tolrty casee fifte=n ya2ars after they
2ad been tested in the Yale Clinlec, =rd altuoagh finding
variations, ke stated, "In ro instaace A11 the course of
grovith. vrove wnimsical or erratlc."l Wellman anl otherz at
Iowa caus=2d coasiderabla controversy wibth various studies
showlng the effects of 2avironm=ntal change on I..., which
nlght seem to refutz tie 1den of a grovitn nattern, bLat Wellm:a

st ates, "Cur r:=s.lts show btunt even win2a children are .a«in

&

-

treusadoas cnavg=s 1a I.w., tie cuanges are 1awful and 1re-

©

dictable."z

One facter wiilct hias been examiied as an opreratiag

1 Araola Gegsell, "Wke A raisal of ieatal drowtn Care=sre,"
Jouarnal of Consulting Esy venologzy, Vol. 3, No. 3, p. 73.

2 Betnh Wellman, "Mental Growti from Pre Scrool to
Colle e," Jouraal of Tyerimental Tducation, 6:174-133, 1927,
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forcs 1in L.z patteraing of growtn 1s tne adveat of pLuavascense.
Tre factor ol prubverty has been ratner well accevted asc taviag
an effect i the area of raysical growth. Chiassoca and
MacArthur in scudying the growth rates ol different races of
rats find: "(1) The largz aad emqll races aa? both sezes
follow the sane pattern 213 couarse ia allometric Aesvzslormeat;
(2) The bre~<s in the t21il and 2ar curves do coincide roushly
with the atitzian=nt of mthrity.“B

Davenport v=norts, " M2 tumaa growth carve siidve two
(a2l oaly twe) oatstandia; noriods of accelerated rovwth--
tha civcumnatal and the adolpsceat."” Richorn in studying;
physical :rovt stales, "IMne psrout: exprassioa develo =3 by
strict wrtreratical metrods from tae cycla vaths 1s a comnlate
€igmold aand tias nolant of lalflection is loc:t=2ad 'recisely 2t
puoerty."5 Hdager and stoessiger also foaid tue adveat of

puberty affectin,, natterns o rhysical growth, stating:

b

"Statare, Sitting H=21lbt, Svaa show the gaus heculiar growth
carves: the ranvid growta in early colilldhivod, 52 glackealng
off «t aboat 12 «o? tie qalck=ning un 2t 16, siving rise to

vruah "ag been ter.ed Lie 'pubesceac din' ceatering at avoat

W

Ieo Chinsson and Jonn MacArthur, "Relative Gro.th

In Races of Mice Prodaced by Selection," Jrowgh, ©:200, (1¢42).
“ Charles Dav=n.org, "Huua Grovth Carve," Jourasl of

G2 nered ruyslolosy, 10:215, (1¢26-1¢27).

5 K. L. Bichhore, "Ne Growth-lenrodaction Sycle,”
2 . “o e
drrowvti, 20:252, (1¢86).
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15 yen:s of age. Ta=n rocst=vubsrty ranid priss
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maximom, "0

There Las heen less guccess 1n relating the pattern of
mantal growtih to maderty, verniaps in vart due to lac: ¢f re-
searcn 1a tuls area. Breckenridge aind Vincent shov a2ffects
of adoulescence on physical grouwubl:, dDut stase, "We rave no
comparainls chnarts to cuow teppo of prowth in ixnellect."7
Averaatiy Arew _routi cirves on early, mid, an? late u~turing
children ~1d concladzd, "Diere is uno evidence from the nresent
study of chnaies in pats o f meagnl prouth wiico nay be ex-
nlained as coaconitoate 07 miyeical eveqts."s

Garrison st-rtec

, "A1 iascection of the carvas of dif-

ferent chitldren shiowu 4% som= malntain f1irly constant rates

A

vitile ctiers gheved ride cuiifte.  Juzee pniifte may occur at

any e level and wver a wid=2 praage of rz2atal funstions.”
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TABLE I

NUMBER OF MEASURES
AND AGE RANGE OF CASES USED

numbder Number Range
of measures of cas=es 1n.montts _ Cas=s

A 7 Lo to H&,s5 3

7 11 s to ho,5 8

8 23 1 50 to 54.5% 3¢9

@ 25 ? 55 to 50.5 5

10 25 é £C to AL4.5 A
11 o é A5 to AO,5 0
12 1 2 70 to 74.F% 2

. 75 to 70.% 3

% 80 to 84,5 0

85 to 36.¢ 10

; €0 tc G4.5 b

% 95 to 9G.5 3

E 100 to 10+.%5 8

é 105 to 10¢.°% L

i 110 to 11k.5 1

115 tn 11%.5 1

-

o,
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TABLE II

SAMPLE COMFUTATIONAL PROCESS
USING MEAN I.Q. AS RATZ

CASHE 28R
Age Menggiiage oo Theore;loal lefef::;e
in mwonths in montis I.Q. meatal age betvieen
(1) (2) (3) (4) (2) and (&)
101 115 114 120.2 £.2
113 132 117 124 % 2.4
125 144y 115 148.8 L,o
123 158 121 152.3 2.7
131 155 113 155.6 .G
137 164 120 153.0 1.0
141 175 125 167.8 8.2
144 130 125 171.4 5.6
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TABLE III

SAMPLE COMPUTATIONAL PROCZSS
Fuk DERIVING HEINIS CURVS
CASE 357

. C.A. lLieatal HN.A. Mental fredicted Differ-
C.A. l..A. Growth Value urowth Value Ratio Value ence
101 115 307 327 1.0651 116 1
113 132 324 346 1.057¢ 132 0
125 144 33¢ 362 1.054590 149 5
128 155 342 367 1.0730 152.5 2.5
131 155 345 367 1.0637 156 1
127 144 251 374 1.0555 172 Ly
141 178 355 331 1.0732 172 ly
144 130 353 384 1.072A 177 3
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TABLE IV

SANPLE COMPU"ATICNAL rRUCISS
FCR DERIVIG COURTIS =ZQUATIVNS
CASE 357

First cycle y = 153(.70750t - 2¢,87) ]

Fercent Predicted
Age Score of Max., Isochrons Percent Value Differencs
101 115 75.2 41.58 73.2 112.1 - 2.9
113 152 $6.3 50.17 37.5 123.% + 1.0
12¢ 144 L1 £5 .54 of,© 1:4.5 + .5
128 15¢ A41.75 ¢5.8 145.1 - 8.9
171 125 A2.€0 G5.3 147.3 - 7.7
137 164 A7.15 7.5 14¢.3 -1v,7
141 175 5,53 3,2 150.2 -25.3
144 150 72.10 $3.5 150.7 -2¢.2
Second cycle y - 46(1.06236t - 115.53)

First

Cycle Resi- % of Iso- Prad,
Ae Scoers Value dunl kax. ctlrons A Value TWrror
101 11z 112.1 0 -2.¢
113 132 13.¢ 0 +1.¢
125 14l 1L4 .6 17.45 3.0 1.4 +2.0
125 155 145,10 - 3.6 16.4 20.6°% 7.8 3.6 -5.3
131 1:5 147.3 - 7.7 16,38 22.85 15,7 7.2 - .5
137 16k 1h¢.3 -14.7 32.0  30.22 37.6 17.3 +2.6

141 176 10.2 -22.8 E5,
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Ior eaci cage va= avera deviationr La ot ol T
tiecoretical degeristion of meata)l _rovwita Trov o tuc oSl
reasarenants of rowte Yerilva? from to= :ental testis e
foul. Tuls Aifference vwag called tiu2 nvers 2 error., Stan-
Jurd devintloss were comatad for saco error diesritatioa
ant toets OF 81, all1cace ver- ran compariag the errors ob-
tained from eaci: of tna three metrods.

Avera,;e errors for eacn f the thres metiois were
then grouved 1ato ten-nonti intervals in rder to snhow tue
avera;a error for tha Adifferent metiods at Aiffer-nt chroao-
loglieal ages., Tests of simiflcanca wer2 raan to se~ in wiichn
ten-month interval tie errors were statisticnally different
from the mean error for =2.cii m2thod.

Five cases were selected 1t randon, ~nd the theoretical
line of growth for encu of tite turee wetiiods wnas compared
with, tha actual neasarem2ants. Judgearmeants ware mnde coacerain:
tine dynamics of tih2 growth pattern found throuagh tnis proce-

dura.



CHAPTER IV
ANALYSIS 0T DiM

The one w.indr-d cases us=a for tils etadiy wwers ~dmnlinls-
tered A tois:l of 878 ment~l tests. The major ~urnose was to
find whiichi of ti= three m=2thods us=24 woald most accurately
fit tibe ~ctual test scores obtzined., Tible V snows ti=
average errcr ~ni tu2 standard deviation for tu= Courtis
multi-cycle acunations, for teinls ~qu~tlons, nd for eqaa-
tioas derived by using toe 1=2an I.). as .2 rate of meatal
growth.

The avernae deviation from toue acturl naatal test
scores wnas 4.7 montt g asing malti-cycle equations, 7.4 months
using; Heinis sqaations, wnd 3.2 moantiis usiar the mean I.93.
as rote. A test of tie =ignificnnce of the Aifferance of
weans, stowed that tre error oibtaiced for multi-cycle eqia-
tions was lower, at the one perceat level of confidzance, than
the error for tie other two methods. The Adifference hatue=n
the error obtained from Heinls equ-tions was not significantly
Aiffereant from th=2 error obtained by using mean I.wQ. as rate.

Figures 4, 5, and 6 show the frequency distribation
of tne errors obtalned faor tue on2 rnundred cases bv each cf
the three m=athods »f Adescrining mental growtkh.

Sinc= A ~eneral look at th2 data obtained from the
three m=tnods «f descrioin;: growth showed thit maltl-cycle
Erowth equaticas nad descritad the data most closely, furthter
ANAlysis was undertaken to s=e if there was any particular

Erowty yreriod wien errors fron tne three natiods used were



TASLE V

ULTI-CYCLE T3 ACICHS, :GI4IS T ATCS,
A}o I . Q . E‘ ).\Y‘ATlO:IS

AVERAGZ SRI0US AD S2AUDAYD DVIAMIUILS FUR

) '
- <

—— — - — e — —
Method Averag=a Srror Standard Daviation
Multi-cycie eguantioas b,7 monthsl 2.31
Heinis asantions 7.4 r.;ont‘ns2 3.56

I.3. equations 3.2 months) 3.53

1 Sigaificantly lover than avara.:e error of other tuwo
nethods at tn2 o1e v2rceat lavel of con®idence.

2 Sisaificootly ki, her than multi-cycle eprror, dut
not si:ralficantly 1ifferent froo nena error from I.:. 20aa-

tlone.
la

nlher than m=2an =rror of mualti-cvele

3 Sicniricaacly
cicaificantly 3irfsrent from m2an =rror

eaquaitions, bat a0t
ci Heiais equations.



Brror

5

e g

W
5
L2

<

Un e dn e e g e

e

n b dg b b

no R AR R

PRETERED

O R

-
VAR Y

B SR RE TERE Bt sl R R B ans bt Sl il UL N RIS SN

2 N
N
=
£33

012 K 14 18 2 22

Vale
h'H

c\”
et

Ui

1Y%

01_‘
An

1 dIstalsurids ||
TUOR FinAly RAROR ]
N

1TaW@¥s s d EL Mk AN

My

e ol _;7- Ak
POCHTES oy ATHORS T




NS
greatest. Figure 7 siiows tne mean error cf each: of the
three metrods daring ten-month intervals from 60 months
through 190 months. A sisudy of this figure siows that nulti-
cycle equaticns best describvbe the data during each ten-month
veriod excevt for tnhe neriod from 30 to ¢0 months, whnen I.w3.
was tue best iadicator by a unargin cf .2 of a month, a sta-
tistic=lly insignificnnt difference.

Fore imoortant 1is the pattsra of avernre errors of the
Heinls =qu~tion and of mean I.Q.'=s. It may be noted that
the mean error for the Heinis e2qguntlon increases each ten-
month period from 130 throurh 180 montis.

Lable VI si:oirs tr= mean =rror of each 0° tue three
metnods during ten-wonth intervals frow 60.5 to 200 months,
as well as th2 aunber of meacuares witiin °aéh ten-month neriod.
Statistical analysis was made to Aetearmine daring wvhat tine
veriods th-re uil nt be sisaificant deviations fror tne mean
error over all time reriods for =2ach of the methods used,

For tre multi-cycla motiiod, the nie2na error of 7.9 montiis
obtiined bstw=2ea 80.5 und G0 montiks was significrntly nigher
than tue wean error Of 4.7 monthe obtiined for multi-cylce
equrtions asing all tre m2acures. Also, tha error obtained
on tue malti-cycle nethod batween 130.5 and 10 months of
2.3 montus viis significantly lower tuan ti= over-all error
orf 4.7 months., ror Courtls multi-cycle eguations, no other
tea-month reriod saowed an averaze error significantly 4dif-
ferent from tne over-gll avers;:s error.

’here 1s nothing intrinsic ia the data which can






TABLE VI

CUFFARISO. ud 333URS #O1 MULTI-CYCLZ uQUATIONS,
H=2INIS SQUATIONS, AND I.Q. EQUATIUMNS
DURI iG [BEH-FONTH INTERVALS

FROM SILUL LOTHS TO DWG-HUNDRED LOU:S

Age Range Numbher of liena HKrror Mean Zrror lean wurror
in Montns Measures Fulti-cycle Heinlis I.Q.
60.5- 70 g 2.5 .8 5.3
70.5- 80 18 3.6 be3 10.0
80.5- ¢0 21 /.9 0.3=- 7.7
90.5-100 29 4.0 4,6 Be3
100.5-110 41 3.0 4.7 5.8
110.5-120 52 5.0 7.1 8.5
120.5-130 02 5.3 6.0 6.8
120.5-140 110 L.0 6.1 6.8
140.5-150 123 4.9 7.0 7.9
150.5-150 151 h.6 8.5 5.8
150,5-170 117 5.5 10.3 9.7
170.5-130 86 5.7 12,3 18.5
130.5-190 20 2.3 17.8 14,5
190.£-200 3 .7 15.0 15.5



exrlala toe relatively hije error for multi-cycle =guaitions
during tie reriod from 80.5 to ¢0 montiis. A poscibie factor
migut be tie Kublonnn-Anderson test series its=21f. A study
of tue over-la;plng test booklets wlll snhow that tiie first
and second grode booklets Aare lar.=1lv concerned witl non-
reasdi g tasks., However, by tus third crale; the r=211i-y;
skill hecoqes mich rore of a2 factor 1n det=rminloz the test
score., [iuas, 1 ctlld wuo starts late in beginaing to r=ad,
mii-ht show considerable tast fluctuaticn daringg this period,

Greenshialds} In etudyin,s th= relati .nehin between
consistent I.w.'s, decreasing I.e.'s, 1123 reading scores,
coacl ied trnt individuals' 1aability to scure on the vernil
subtests of {2 Kanlmann-Andarson at the same level at wrich
they =scored on ti.e non-verbal suotests resulted in a drown of
their I. .. scor=s.

An explanition for tie siirnificantly low error found
in nulti-cycle equations from 180.5 to 160 months may cone
from tie flexibility founil in tu= Courtis techniqua. Betwean
the ares of fifte= 200 gixt=en tuere is maicir individual
Aifference i1n ntterns of msatal growt:.. Some indiviiuals
have alreq’y leveled off nnd ars makiazr very little oain,
while otisrs are vroceeding st 2 rwid rate wolch may =2xtend
for sevarnl more vears. Of tre thre= netinds used, only the

’

Coirtis techalag:e caa takes into account these individual

1l C. . Greenshields, "Tu= W=lationshin Botween Ccn-
sistent I.q. Scores, D2creasin: I.°). Scores, 1nd Reaiin;; Scores
Comnared on 2 D2velonrental Basis," Uanablished haster's Trhesis
(Bast Lancia, kicnifan: kichiigan 3t:te Unlvarsicy, 1055)



i

!
differences., Esp=cially in cnses wnere the iniividuaal has
clearly begun to lev2l off ian nis mental ;rowtt, the 1adi-
viduaal's tueoretical growt: cuarve will come very close to
the fianl actual mantal growtl: score,

Tie mean 2rror of the kEelals eguatinns of 10.3 montihis
from 140.% to 170 nwoatis, of 12,2 from 170.5 to 130 months,
and of 17.3 montus from 180.5 to 190 months irere All sig-
nificantly nighier, 1t tue flve ver cent lavel of confidence,
than tue over-n1ll m2an arror for the Heinis eqaations of 7.4

1

moeontig. It may L2 acit2d that tre averaga error for the
Heinis ega:tiuvns increases from 130.5 throusn 160 montus,

The errors ootiined by usin: ri=an I.0Q. as rat2 resemble
thaz error pattern ovtained from lieinis equrtions in stiowing
an upw=rd tread after 130 months, row=avar, in isiag I.:Q.

as rate, only the errors of 13.5 months frem 170.5 to 130

montrs, ad 14,5 from 180.5 to 1¢0 woatis are significantly

ot

differeant nt the five ver cent level from ti2 over-all error
of 8.2 moatre,

Figare 3 siows tire distribatica »f the rang2 of tie
I.:.'s for tli= handr=s? cnses used., ‘The mean rance of I.:u.
was 18.4 I.Q. volints.

A detalled sumnary of tha dAata can bhe found in Arnen-
dix A. Coartis first nnd and second cycle egaations ~nl the
mean error for =2iach carse nre yrreseated. Also 2 saumary of
Heinls eqaations 1acludes the high Fersonal Constant ratio,

the low Fersonal Constant rntio, the rangs of the ratios,

thes nmean rersonal Constant, and the mean =rror for each carce.
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L5
The summary of I.,. used as r=te iacluies the hise I.9., the
low I.9., the mean I.49., and the m21n error.

To 11llistrate some of th2 actual dyaamics taking: place
in the mantal growtn of individuals ~ad how each of the
methods of descrining growti works 1ia terms o thes~2 dynamics,
fiva cas=g were c=lected At random 1ad the 1ctinl =2asurenmants
wera connarad witii tue toeoretical line f pgrowtn detariined
for tnat cas=,

Cage 1F wictures a girl who sbowg a Arastlic change
in ner rate of wmental ;rowtn fros tae flrst cycle to the
second cycle, nat wihose rowtn witiln cyclss is ratiar con-
gsistent. Betwesen tue A, es 7 G8 mountis aal 125 montis, she
w2e siven four intellirence tests. Her I,). for Sie Jonr
tasts was 115, 1l., 113, ai llS, rasractively, Sbe was
civea fouar tors ta2sts froa 132 nonti: ©o 151 moantks., Her
I... on these fagts was 131, 124, 139, aad 142, Cf the three
nethods used ia tnis study, only the Coartis metiodl hnas A
theoretical framework wiicit c¢an exr:liin this vnattern,

Somoyr o me ~oted thuat te=e only scora far removad from
tio2 tusoretical line dascrid o3 by tie Coartis aqaition wos
the test resilt at 145 noates wniecl F211 well balow the vra-

srined 12 montie

&

diction line., o= data sunow tiat tlhis izird
mental aze fron 132 months of a5e to 133 woabis; 4 moasts
meant:l yre froa 128 monthis of ;e to 14% moatts; and 27 moaths
meatl 9;0e Trom 148 mooths of a.:e to 151 nmceaths. fouas, it

could o2 argacd tuat tee foar-month gain in mental .re be-

twean 135 1ad 145 moatiis of age is very 1ow in view of tha
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50
rest of tihe Aata, Aand .hat the taneoretical liane renreseats
a truer »nicture. The Helals aga:tion for cace 1 is a0t
able t ., cop=2 witu ti.= change of rate shown by tiuls individual
as well -5 does tue Coartis equ:tion, If tuls individaal
malat-1ias tre sane rapid rate, even for 1 srort veriod of
time , L2 “einis eyguition will saou iancreasing error,

Usia; u2an I.4. as rat2, polnts out claarly tne chane
in rate whict 1F is snowias, with tioe first foiwr ~oiats be-
low €+ = tieoretica! lia=s, 113 tie last foir voliats »ove,

Tue c-ursisteney 0f tae vattera wo1’d saen to maka fihe concent
of a constirt I. .. 11f7icalt to defand.

Cace 23M is 1a =2xupla oF 2 bov sndriage an

test iagbapa., ve wos £ivaa 4 totl of tan intallir=ac= terts

11 9y typss oceasions his m2abal Al fell Helow L meat )l
8 ongoained on tta trevious testing. Cunlldran stowin,s sch

2 . - - R 5 N
STt ie vatteros woald eran to e ool sibjechs for fabare

P& earen norn

In 23k 1t ¢ 2 s2en tant the H2ilnis 2gubion used
do= N0t Helaace e arrors aoove anl valow ths theoratical
s of crowtin, A snaulr of tne lenbal urowtn Unite as=21 14
tiia fropecarl Constuat s .ous that in g 2rpasic pattsra, low

Tt ot a0 =2arly e vill 1aflusnce ti 2 m=an nore thna low

‘Trag oabt g later a2, Do o 1llastrat= shecifinally, 17 an

i:‘: . . . .
Tl vidanl s a0 eatal voe of five at A ciroaolorical w

T ix years, Lhe ratlo in maatal grouth anits is 254 /2245,

O . -
,] j

LCLo oof L3000 IF the some individaal as o m=abal agn

ten at a cironols;icnl aga of twelve years, Hi0a ratio

AT - a0 e etk TR TTTT
2
?
4

e
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would be 353/323, or 2 F.C. of .y302.
Trtius, ia tie Helals Parsonal Concstant, if tie ratio
petwe2=21 ment2l 1ail chronologlieal 4,72 is less tiqa one, =sad

-

conscint, toe P.C, vill incr=as=2 witi 2,2, If btis ratio
225w 0 G2atal aal enroanoloieal 9,2 is nora than on= Hud
razilnas conetant, ¥.C, w111 decres2 with e,

Altho::: lese clear-cut tean in 1F, 22H 21lco shovs 4
i) b -

changie  1a rate froo tis fires to tue s2cHnd cycla. It may

cr

be not=3 that tie m2an I.a. for ti» firet five maasares of
1n821 73 -epce averare 37, while the avaraee © the last five
I...'s 1g oy,

Th= graph of ths 1lias lescrived by the measr I.w. com-
2ared with tos actaal nensures also shows nore daviation above
o2 1392 than Helow tre lina, altiony thae diffarence is mach
less thon on b= gracn of to=2 Fersonidl Zoanstant., In the
"TOCejyra of =veraslis I.2.'s, as 11 averaging Pzrsoaal Con-
St’ints, scoures at an 2arly aoe may be givea a4 slisghtly heavier
weiig’ut, 10 terus of aucber 57 moatns deviantioa from ti2 mz2ag

In= For exemplae) 10 e iadividaal tad an I.q. of S0 1t

Ye=are 57 ase g an Iow. of 110 2t twelve years of age

I 5%y

Mean I,.,. woald be 100, However, a gravh of the actual
RS apag g, mlash fhe wsaa 1ia2 10al3 show an error of gaven
L g pelow 5.2 man line at ely vears aa0d fourtesn oaths
120y - ti2 2a line 9% twelve veares, Note tinat in tle ax-
D) e <iven, the anoas of 2rror per o aait LFire le eqanlly

L 3led anove: 14 belowy Lie m=an 1line.,

Cace 323 ahows ranid unntal grouth daring trne firet

|

1 SR N N T YR
t | 4
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55
eycle, but wi =arly sccoad cycle maxinum wibich the Zoartis
geuration predicts to be low. Thls cus2 rerrarents a more

cons tant I.%. tran do nosht of *%ie cases, slace on th=2 anine

ects adalaisteral, the nigh I.Q. was 113 213 ths 1ow I.9.

()

s

w-.s 102. GHowever, attention sho1ld b= ;ivan to tie fcar

=yt al oo,e scores acnlsved betweea 1elt tontins of azs and 187
mon it hie, Taese scoras were 152 moaths, 151 monhis, 140 montis,
and 1S5 wmoaths.  Thas, oa four tests covariag o mariod of
nore i a yaar, almost an eatal pgaila was stown., el

Coar tis 2guition fur this case inilcates a second cycle maxi-

T Of 175 rontes, whicn will mean that Shis 1adividual wi

[y
=
1=

SOy Talliag I.:).

Cas= 508 tas two menital agpe scores wihileh fall b=lou
2 @maoores f sprac=2din; tasts, althouwr the Coartis equation
1s -ai>le to dzsgeribe the ract of t.a srowti. mattern very
ACC .arravelr. Tne Cowbtis =2 aation describzs the Tirst cycls

8 e lagivelr slow, wit: 7 very ravii s=coni cyclsa., 01 botn

= riaials countion ant tes I, e aitioa, tn2 =rror is

o
£
~

™ncad almost e parlly above ot below tha liae,  Again,

4
ihe Criang2 1o rote 1s coatirmed by the avera=s »f the firct
o

I...'s wileh avera o 114 comvared wish tha last I.2.'s
wwepa, e 122,

fire same sltaation is sveq uwores Arastically i1llastrated

s

1, v Casa woleh sroys an extremely ranid second
- Zi= 1.3, raye for tnis cnre is 35 roianke, ardl Ghare
*Aso 4 4il1s rang2 1a t.e Fersonal Comstants obtained on

A1ifferant tests. As befora, tie ehang2 in rate is shown
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B ths wean I.Q.'s for tha first foar tests uhich zverage
103, w11e the average I.u. for tis laat three teshs Jumos

%3y,

r‘?‘:"u-‘..

e a4

r-l




ChAZ =R V
CONCLU3IOU3 AND IMP:.ICATIONS FOR FURTHER RU3TANCH
I. CONCLIJSIONS

Two major conclusions nre anvarant from the analysis
of tha AdAasa: (1) multi-cycle equtions A=arived oy usiag tie
Courtis tacinigae wer2 significantly suan=rior to tha other

4
tro meatiods of desceribiag m=atal reovuth; 127, (2) tie erreor
R K ?
derived by usin; tue mean Personil Constiat s rass al by
S 1z neal Iow. s rabe shoued 1 gigni©icaat lacreass at
old 1 52 levels. The raason for thege two ouncunss miy D@

fouand in the facs tint malti-cyvels oqaations bave A iiffer=at

acd more accuraice Ltuaora2tical basis thon the theory underlying

+

tne Pareconql Conssant or tin Iatelli;nce Quctiant

<

Botin tie fleinle Pereoaal Constnt and tue Intelli,=2ace
WOCtiagt are baged on th=se tuyo assamnsions: (1) that thare
s 52 Yig2 of normal w2nbtal ~rout’s which cnn Aescribe tha
AVerma -« narson from birth to wasarity; ad, (2) thaah A givea
1ﬂdi’\'idu-w]'s ment:l srouth can be heast Asserinel by o ratlo
of 1 s mental srowth to the line of avarace ~rowhh,

A multi-cycle concent, on thi=2 ofiter hanl, inplies
an inlividaal's ccrowth cannot bhe dascrib2l by any one

11 - .
Lo orocarva from birth to aatarity, and that tie individaal's

.')'i -

4.

tern will change 1t Aifferent srouti stpss, Siace this

1")‘1 _
t14§‘rn of cirnnge may 1iffer in sev:ral ware in terws of =

e . . .
Cific 1aiividanl, then oo ratio bvatwe=n a line of .verages
':lr)ri 4o

& 1iae darived for an irdividual ca traly dzscribe grovtin.

A




While tihz Parsonal Constnt a1l the Intalligaace
Wotian% considar rate as the only variablse in tne meatal
QWWth of individanls, Sthe nulti-cycle Sheory consilers two
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I. FIRST AND S3E3wD CLCLT CCMTIS “YJATICUS
AND MEAN ERRO23

Averagce
Case M™rst Cycle Equnbtlon Seconl Cycle "guation Error
1F y = 154(.37411t+3.24) v = 30(.34571-54,79) 3.5
N ¥y = 122(.L35676-8,35)  y = 32(.39313t-111.23) 3.3
11N y o= 5(.71026%-27.59) v = L5(1.32050-156.0°) 5.¢
18H y = 170(.AG550t=-3K.07) v = 28(1.44588-1Ac, 58) 1.7
108 Y = 156(.587¢46-17.33) y = 34(.81875¢-77.53) 562
19HM v o= 155(.66727t-27.30) y = 19.2(.73000t-77.47) 7.04
20H y = 130(.535%11t-22.54) v = 53(1l.54222¢-21%,35) 2.8
21F y = 155(.,4C250-11.25) v = W4E(,70423-74.63) L3
22F 7 = 13246(.70115-21.53) y = £0(1.11%500-113.55) 5.3
23N Y o= 127(.53¢50-32.52) y = 33(1.14000t-138.23) 4.3%
oLy v a 157(.36033-29.,07) 7 = 52(1.15123-131.754) 7.2
2€F vy = 155(.33022+41.13) v = ©0(.312204-£0.47) 2.0
2EM y o= 183,5(,41544-,70) v = 12(.,92¢23-01.77) 243
2614 v o= 152(,671668=34 ,00) y = Ul (,852504-10F.,32) Lol
270 vy = 1AA(,3C2508-3.80) vy = 50(1.30750-177.,2¢) 2.,7¢
25F V = 147(.05175-57,.59) Vo= 51(.63100-£5.45) 2.7
28N v o= 157(.539¢70t-14.90) y = L2(1./:77000-132.57) 2.%
29F v o= 143(.502756-23.15) y = 43(.71333%-7¢.26) 3.701
30k v o= 175(1.403888-11.06) v = 27(.0065646-103,39) 4.2
31F vo= 123(.¢A0F5-80,04) v = LA(1.52700-82,12) L,c
327 vo= 183(.501¢76-10.9C) ¥y = 30(.463548-33.59) 3.13
334 7 = 139(.60083t-32.78) y = 60(.3500G-34.2%) oub
Shk v o= 186(.72774-45.33)  y = 3G(1.07131t-1L2,11) 4.5

37 7= 153(.707508-2G.75) y = 46(1.045383-115.£3) 2.1
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125(.565550-35.21)
103 (,427208-2,33)
144(.31152t+45.72)
150(.729676-33.13)
157(.21730t+411.29)
155(.457658-5.12)
1560 (2410045 .54)
124 (. 55721c=24,52)
170(.525228=-31.06)
155(.42732-¢,75)
1os(.bodens5-16,.23)
142(.25100+414.10)
132 (,722A645.21)
172 (. +204056-10,¢%)
140(.262226414,73)
187( . b7026t-12,¢51)
170(.457205-4.,43)
12(.2232564.24)
156 (.265476412 ,41)
154(.53000t-32,2¢)
152(.31150413.65)
.66)

173 (.5%06-24,03)
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25(.7352-112,17)
77(.610296-75.97)
109(.341079=-104,13)
LE(1,42200-170.75)
4bA(,0e187-117,81)
36(1.26743-145,55)
107(1.25285-1%7.06)
£1(.35022-72,0:1)
SH(.527578-51.54)
110(.AL7205-714.87)
523 (.H504uht-63,16G)
61(1.42733t-150.20)
60(1.37125t-260,51)
55(1.10240%-13,21)
61(1.025006-12¢,G5
55(.7:2508-08,22)
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AvVer-.:.a

Cuse firet Cycl=s S.,1:0ioa oecoud Cyele Soastion Arror
60k ¥ = 152(.25723t+%,62) y = 81(.¢6552%-123,71) 6.63
61k y = 144(.238516411.7¢1) y = A¢(1.87333-262,17) 4.2
627 v o= 154(.00903+2.24) ¥ = E3(.95724-115.32) 2,3
3R v = 135(.4063341.71) vy = 110(1.246845-152.10)12,¢5
531 v o= 12E(.3833%5+4,23) v = 65(.623548-62,52) 5.32
6LF v = 150(.24000t417.21) v = S4(1.L036¢t-163,07) 2,0
557 = 157(.65235-35.24) v = 25(.81397-135.32) 2.¢
A8E v = 170(.330586465.32) v = 62(.G2FE56-123.67)  £.1-
707 Y o= 155(,22075%+4C,%h) y = 70(1.¢%0708-279,70) &,¢
(2% o= 165(.0052545,20) y = 22(1.43753¢-1¢1,£52) 1.f
7hE ¥ o= 150(.28235410,00) v = 04(,42£146-115.2¢) 3.55
771k Jo= 184 (L21745410.53) v = 75(1.154288-147.57) 1.0
73F v = 1°1(.32258412.°¢) v = 70(.73524t-c9,10) 3.20
78N ¥y = 146(.25033415.78) v = 120(.36000-101.63) GolS
50w v o= 149(,3903%5+412.31) = 56(.72¢15.70.1) L.gs
305 v o= 159(.29G77+7.41) Y = 74(1.001666-135.13) ¢7
827 v o= 177(.2622041%.27) v = 43(1.51056-227.53) k.20
831 vo= 120(,452580-42.47) ¥y = 70(1.62¢50-251.55) L2
SLF v o= 192(.23352411,90) y = 34(1.0073¢t-137.26) 3.85
37k vy = 162(.,230158+412.52) 7y = ©3(1.54500-235.30) 7.2
COF y = 171(.5254116-23.351) y = 32(1.659235-230.5C) 4.8
102F v = 130(.5%320t-22.,42) v = h5(1.301008-15%.75) £.°5
1058 ¥y o= 156(.312716=-57,57) y = 41(1.2°157t-180.02) 4,02
10¢ Iy v = 88(.67700£-20,6C) r= 20(.722508-81.12) 2.6
1127 7 = 157(.36135642.38) ¥y = 26(.4302C04-23,55) 2.05
130k 7 = 165(.435456-1.83) y = 41(1.50000-207,245)  7.73
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Mret Cycle

hguntion

v = 163(.41822t-4,07)

y
y

J

=

172(.25
157(.30487847.15)
153 (.813206-5373)

903t+10.29)

143 ( "-41«1‘.‘5‘*17 S 1*)
140(.6040305-23,72)
170(.25300t+8.55)

130(.747596-5¢.10)
132(.302546+44.30)
127(.38%518-5.83)
152(1.056554-67,51)
130037424

155(.747538-45,40)

5+10.52)

157 (L220005411.03)

147 (.552018-52 .8¢)
151 (.l 5778 -12, 0n)
151(. 42435528 ,19)

125(.A20085-27 . 51)

157(.22100%5414 .72)

Szcond Cycls <guatlon
v = 392(.85%50%-96.,39)
7 o= B4 (.89L00t-C7.73)
y = 53(1.17823t-171.93)
¥ = 50(1.87555-2¢3,42)
v o= 102(.724765477.25)
v = E2(.95320%-73,6F)
v = A5(1.2°970t-20% Lc)
y = L45(1.023125-253.7)
v o= 55(1.14%1F5-1%1.G1)
7 o= 1(1,252228-130.0¢)
v o= 42(.72120-22.79)
¥y = 30(.9993726-117.35)
¥y = 3¢(1.72656-259.74)
Y = ®9(1.25C00t-132.17)
7 o= h7(1.021508-158,3¢)
Yy = 23(.925206-112,47)
v oz CE(.EANRTE-50,83)

= S (.50 518-72,07)
v o= 52(1,57272t-210,17)
vy = 0( 556~ 13-59)
v = 52(.22718¢-102.33)
v = G1(1.:123888-2797.,672)
¥ o= 20 (L0Lh0rEL104 20)
v = ho(L.73078-90,0%)




II. HIagi AFD LoW HIIHUIS PTRG0O AL CO - 2005,

RANCGH, FEAN PEHUSOIAL CO 5 "adD, AlD TRRCR
Care High Low Ran:e M=znn Error
1F 1.0949 1.0648 L0341 1.0824 6.05
EN LChod .C117 .0z¢el L0282 2.0
11N 1.0558 1.0141 L0417 1.0361 3.81

13k 1.0857 1.0451 . 0405 1.0577 3.55

1¢F 1.7795 1.02 3% . 0L07 1.0°¢55 3.L5
1OM 1.030 1.012 L0553 1.043 5.A3
20HM 1.0614 1.000 .0A14 1.0392 6.00
21F 1.06507 G333 L0720 1,027 4.00

22F 1.151 1,11~ L0638 1.1%5 6.4k

230 LGC17 L3058 .10h¢ .03 10.45

2U4F 1.154 1.125 . 054 1.115 £.l

2EF 1.0¢47 1,057 L0400 1.0512 5450
Z5M 1.0254% L5972 L0312 1.0064 2.53
2511 1.0290 1.007¢ .0N31C 1.0272 3.50

271 1.04¢8 1.7111 .0337 1.0200 3,17
Z28F 1.111 1.040 .071 1.0668 L, 5

2zM 1.9520 1.91 ¢ L0421 1.0061 7,78
2CF 1.01%5 RASRE L0277 1.096% .25
30n 1,054% 1.0118 .0U27 1.0403 2.40
21F 1.023 .032 L0GA G621 c.0

327 1.02¢1 1.0058 0233 1.02:0 b7
JIF 1,002 Lokl 052 LG58 £.30
24, 1,059 SOASE 0551 1.0210 £.05
JLF l.0722 1.0549 .0172 1.0471 2.31

AL 736 L3575 L0751 ST 3.57




Hizn Low 310552 M=2na Error
1.12¢9 1.0714 COEB2 1.0950 10,35
1.0107 LOEST .0530 .G613 5450
1.033 1.029 .0054 1.0633 5.2
1.055% 1.000 .045 1.026 5.57
1.0602 1.0197 . 0405 1,04 6.70
1.0935 1.0137 LO7L5 1.0453 7.17

Lol .ohas L0281 . 95¢3 3.8 )
1.056¢% L9LL0 .072¢ 1.0371 5.05 ¢
1.0153 .¢335 .0328 1.0011 L33
1.0654 1.07°17 .0337 1,000 3.73 f
1.1059 1.7578 L0lk32 1.0324 5.33 o
1.0553 L5670 .05%2 1.0237 6,33
1.073% 11,0147 L0589 1.0i2¢ .73
1,01¢1 .A53 LOERG . 0952 .38
1,1748 1,0070 LOBAY 1.0303 12.17
1.0734 1.0144 0502 1.0547 7.73
1.0156 LZAT0 LS5 LG0T 3,59

1.0797 1.0000 L0777 1.04%ah Z.50

1.0517 LORLZ L0075 1.0171 14,42

1.0078 1.0000 L0708 1.0504 £l
1.97.1 LG50 L1121 1.0211 14,27
L0853 1.0524 L0319 1.0703 SR
1.0372 L9361 L0431 1.0122 ool
1.0053 L6093 0650 LOPHE 230
1.035¢ L37E VRIS 1.0056 10.23

1.03¢2 L0705 L0737 1.0017 10.23
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1.1-+%3 TED L1581 1.0272 10,95
1.11359 1.0027 1154 12,0230 3,28

1,021¢% 1.01:7 0026 1.0565 13.31
1

LRRAES. SR LOEE 1.0005 565
1.0343 gie AP3 «0321 1,000 7.62
1,144 l.01:% J12E1 1.0887 “.o1
LG3L7 L3530 L0558 G471 12.30
1.2431 LC733 L0345 1.9258 3,75
1,025 1.0690 RIRISTY 1.0-87 12.¢93
1,040 o535 « 4G5 1.0258) Lt
1.0108 <101 .9¢17 LTS5 S35
1.0:32 L0261 L0501 1.0-3¢C 10.55
La5EC L3017 L05k2 L2221 .13
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III. LIk Akl LOW IUCRLLIGEIZHE QUCLTSKRTS,
T HRI01

RAUMGD, MEAN, A7

Case Hi h Low Rnn,;e li=na
1F 143 115 27 124
5M g0 81 s 5
11N 113 102 15 119
130 123 110 13 117
1 125 112 16 11%
M 122 102 20 111

I 123 150 25 112

217 112 a7 1% 100
22F 157 130 17 140
230 o 80 17 ¢l
247 10t 125 1¢ 124
2557 1t 115 27 25
25k 107 i ’ 102
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3il, 115 ¢ 3 20 11
3£ 127 114 11 119

g G2 o0 17 35,6



Case High Low Range llean Error
37M 105 91 14 o,k S
38F 131 108 23 120 7.3

LOM 126 100 26 111 8.00
L41F 122 105 17 113.1 6.h5
L1M 117 107 10 112.8 .87
L2F g3 39 9 91.3 3.15
4214 123 04 24 112.4 7.92
L F 105 G5 10 100.5 L,=0
Ly, 142 108 34 120.1 12.01
Lsp 138 117 21 12¢.6 6.73
L 51 126 ¢C 27 110.3 11.42
46M 123 104 19 114.3 5.55
48M 106.5 ¢l.7 14,9 90,5 £.02
Lety 151 114 37 120.4 15.35
50F 127 104 23 117.8 7.27
ZOM 104 L5 56 ¢0.1 17.56
51H 12¢ 100 30 120.5 11.20
E2F 11¢ ¢l 23 1038.3 5.823
52k 127 111 25 125.1 10.4¢
Z3F 135.5 o3 Lz .h 111.2 1c .40
55F 13¢ 117 22 125.2 0,27
55N 114 G7 17 104.3 4,35
587 102 82 20 93,7 7.0G
ser 120 ¢3 27 105 Q.5

60k 113 93 25 100.9 8.8

61 113 k.5 18.5 100.5 11.54
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