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ABSTRACT
This study reports various aspects of the analyses

carried out on the longitudinal data reported in a previous study (PS
007 345) for determining the general growth patterns and growth
velocity of mental and motor development. Preliminary analyses
focused on the selection of the growth curve, its evaluation in the
208 individual cases, and the subsequent decision that it did not
present an accurate description of the data. To compensate, an
approach was initiated which compared each subject to a common
standard and classified the subject into one of three categories:
fast, normal, and slow growth. Results indicated that subjects were
equally divided among categories in mental growth and that one-half
of the subjects were in the normal category in motor growth with the
remainder equally divided between the other two. In measuring the
growth velocity of mental and motor development a curve closely
approximating the velocity pattern was fitted. Curve examination
showed a prominent peak for both areas in the first six months
followed by a gradual decrease in velocity that was less severe than
that found in the observed data. Concluding discussion focused on the
limitations of the growth curve and implications of the testing
conditions. (SDH)
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MENTAL AND MOTOR GROWTH PATTFRNS AND GROWTH vEgompa
INDIAN BABIES

CHAPTER I

INTRODUCTION

Generali sed Groxit. Curyes 20414t2L

In scientific literature many presentaticns of the course of human growth

and develepnvit on any parameter (in specific aspect) is based upon the

mean scores of cross - sectional sample of sufficiently large size and there

are very few raporto about the rate of growth. Generalizations of the ob-

served sample growth leading to the knowledge of velocity of growth seems

to be difficult because o± a number cf limitations of samples and tools

specially in the field of mental rind motor growth. Comparatively such

studies - generalised growth pattsrns od velocitr curves - are easier

with reference to phyvical growth and althr:pometri- measurement because

of constancy of measuring tools, In tc,nt.1 anl mote!. growth the

tools of me2crorement - the testa of matwlity - aro Lound to be different

and even differently standardised 2,r various E7a. limits to be covered

under general growth curves as they are r:Inly the measurements of

the fanational mopects, Th:L limitatt:ms of cross-sect ione sample

for such studies are also great. To get a generalised picture of growth

curve and ite velocity it seems necesaaa7 41, control umpteen genetic

and environmental forces which influence the growth and development of

each individual in an unique ma;,nor and thus widen tt,e individual varier.

tions within and between the subsequent ;:ze groups, The ideal sample for

such studies might be the ropenterl observad.ons of joa Sa=e children on

the same tools.
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The Present Studxt

The longitudinal growth study of Indian Babies provided such data with

reference to mental and motor growth during the first 30 months of life.

BSID (Research Form 1961) was used in collecting the mental and motor

performance of the same children from the age of 1 month to 30 months.

In the Final Report* of major study the longitudinal data is treated

cross-sectionally and is also supplemented b;' cross-sectional samples

to get the normative growths. The mean mental scores and mean motor

scores of each month are plotted as growth curves and the differences

in the means of consecutive months of related samples are plotted as

speed curves.

It was felt that the longitudinal data prima-facie satisfied the condi-

tions for evolving a generalised equation of the observed mean-growth-

curves and also for studying the velocity of growth during the small but

significant period of first 30 months of Further the longitudinal

nature of data would also facilitate tae comparison of growth patterns

observed from individual to individual. The various aspects of the

analyses carried out un the longitudinal data for determining the general

growth patterns of mental and motor development and the growth velocity

are described in this report.

=11.tt"!ia. 1M. 9fRI10 MOOM fM=NON0.-Niamba01.1twanIIMWM4tt0,,..../7.OININ

* Final Report - Mental and Motor Growth of Indian Babies 1-30 months.-

(Longitudinal growth of Indian Children) 1070 - Dpt of Child Develop-

ment, Maharajah Savants° University of Earoda, Daroda
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PRELIMINARY ANALYS79

The Selection of Growth Curves

The growth curves for both mental and motor development plotted in the

Final Report" indicated that the growth curves could be approximated

by one of the following families of carves viz -

i) y =
Aebx

ii) y = Axb

where y is the mental /motor performaLce and x the corresponding

age. If we take logarithms then the :love equations are transformed

into -

i) log y = log A bx (exponential)

and ii) log y = log A + b log x (allometric)

The second set of equations are linear in log y and x or log y and

log x. The linearity of the regression equations enables easy and

efficient estimation of .the regression parameters a(=log A) and b.

Further the parameters can also be statist3.cally compared for their

significance from one curve to another

It was decided that to choose the beet both the above forms should be

tried out on some sample subjects. Accordingly test results for 5

subjects chosen at random were firct enaly::td acd the regression equa-

tions under both models was obtained. A comparative picture of the two

regression models is presented in Tables la and lb for the mental and

motor growth respectively, wherein the values of the intercept 10,abilothe

slope 'b' are given for each cane alongwith the va3ue of r2 the square

.of correlation coefficient which signifies t'no proportion of the varier-

tion in the dependent variable (lo,g.y) eylojaed by the regression

'equation.

* Vide Footnote - Tef,e 2
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Table-la: COMPARISON OF RDaRC3SICN MUTTONS 04TZTAI, GROWTH)

imaw
umber

Case of
No

Testings
log y = 1104,8:

a b r2
log y = a4.1) log x
a b r2

105 21 1.7883 .0157 ,84 1.4245 .5377 .98

165 23 1.6137 .0249 .78 1.3198 .63°3 .98

180 20 1.6942 .0197 ,5I 1,3154 .6208 .96

235 20 1.rt797 .0164 .F9 1.3922 .5656 .98

258 24 1.6659 .0213 ,Y9 1.2976 .8366 .98

Table-lb: COMPftRISON OF REGRESCIOF EQUah"TONS (MOTOR GROWTH)

Number EXPONENT1 AL ALLOMETRIC
Na

Case of lug y --1771.1717177-
Testirgs a a b r2

105 21 1.3888 .0158 .46 1.1332 .4971 .96

165 23 1.2625 .0240 .7u 0.9557 .6369 .96

180 20 t.3863 .0154 ,7E :.0495 .5213 .90

235 20 1.4039 .0154 ,7T 1,0102 .5598 .94

258 24 .1.3013 .0192 0.93E4 ,6052 .93

It is evident from Tables la and. lb that the second fl,mily of curves

viz. log y = El.?) log x (or y = Axb) is better approximation to the

growth phenomena than the first family c' curves bse-use the value

of r2 is significantly higher In all cesos.

ygrification of SelectectSayaL

Fur the second equation the data were transferred beck to the 'original

scale and the errurs (observed - calculated) in the prediction were

examined. The measure of the relative errur in pealotion defined as

the ratio of the Error Sam of Squares (7.53) to v erxrected Total Sum

Of Squares (TSS) of the mental and motor KrOrt-.S vat: calculated for each

case. These are shown in Table-lc.



Table-102 RELATIVE ERROR) IN PREDICTION

MMINIM110.1111.MM

Case
No

Number
of

Testings

Ratio (%) =
error

Total
2ig!aflgagag
Sum of S urea

Mental Growth Motor Growth

105 21 2.63 12.30

165 23 3.74 9.43

150 20 3.8' 5.25

235 20 1.43 7.26

n52 24 2.92 12.73

gMa INMIMNIMMI.~NMMMIMOIMb 1
It was notol that the relative errorgin prediction are not very high

Then the variables are transformed into original scales. Especially

in respect of mental growth the corresponding curve in the original

scale was almost as efficient as the line fitted using logarithms

because the relative errors were'belv/ 5.0%. Only in respect of

rotor growth the relative error in the' original cc!le was noted to

be higher then 10.0% for two cases.

The equelity of regression lines worked out for the five cases was

else examined. The results revealed that the five lines are signifi

cantly different for both mental and motor growth. Next the parallelism

of the linos was examined by testing the pIgnificance only of the lb,

values. The results again indicated the lines are notiterettex either

f'.r mental or for motor growths.

Conclusion:

Thus preliminary analyses carried out have indicated that the test

results are amenable to scientific analysis. On the basis of the

preliminary analyses it was decided that the gfhtrth curves should

be wurked out individually for each subject rnd oxriined for evolving

some general growth patterns.
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INDIVIDUAL, GRNTH CURVES - 'kb') COleonISON

Semple individuals with Lenialdiaal.Tastiaz

For the purpose of study the test reeults rf any individual case was

defined to bn longitudinal if the ..P021)wi4 condi`,:.ons were satisfied :

i There ex:toted a nIttmun u:,4 testirgs between

I ani 3C months.

ii At least one testing has been carried out in

any two of the.9eriddrto-10, 11 to 20 and

21 to 30 months.

iii The maximum interval between any two successive

testings -gas les: thait 32 months.

A total of 208 cases se.isfying the a%ove cnndfllions constituted the

sample for the present stud1'.

Individual Growth Curves

On the basis of the longitudinal teot rerults regression equations of

of the form log y = a 4 b log x :nr the natal and motor growths were

evaluated f.or all the 208 individual The variation between the

individual lines was found to be exttomc17 wf.ec for both nontal and

motor growths. A fair idea about the variation caa be had from the

frequency distribution of the regression paragx/ters viz the slope 'bl

and the intercept lal (Tables 2a and 2b).



Table-2a: FaQUENCY DISTR1BdrON OF THE 3EXTSSION

MAAMOINDay SAAfflOANAANOMWAVAA

PARAMEM3 (MF1ThL

AAA...IAA/Mr /A,. PA n. AA 40111 11.46.4.

GROWTH)

A,Aea 141.m." IMAM.. NIMAANIAIR ..

Interseat la'
OMNI=

Class Interval Frequency
010111MAINIA

% Class Interval
AMPMAMAAAMI1.1=1.11,A.A

Frequency %
NY0111 allymal001104.A.AMISIIMMAWANSIIMASAAMANA

0.35 - 0,40 1

.1. NA AAA& A OA

0.48 1,05 - 1.10

.. Alli011.1
2

INVVA

0.96
0.40 - 0.45 10 4,80 1.10 - 1.15 0 0.00
0.45 - 0,50 24 11.85 1.15 - 1.20 7 3.37

0.50 - 0.55 43 20.67 1.20.- 1.25 15 7.21
0.55 - 0.60 27 12.98 1.2E - 1.30 39 18.75
0.60 - 0,65 55 26,45 1.30 - 1.35 41 19.71
0.65 - 0.70 27 12.90 1.35 - 1.40 22 10.58
0,70 - 0.75 16 7.69 1,,t0 - 1.45 31 14.90
0.75 - 0,80 2 0.96 1.d5 - 1.50 28 13.46
0.80 - 0,85 1 0.48 1.50 - 1.55 17 8.17
0.85 - 0,90 1 0,48 1,55 - 1.60 6 2,89
0.90 - 0.95 1 0.48

Total 208 100.00 Total 208 100.00
AIIIIPAAAIIAIIW AAA.. 140.AMawsAANIAsswom.limmelowAasomanaNA-W

Table-2b: FREQUENCi D1STRIDUTION OF THS REGRESSION
P4RAMSTFRS (MOTOR 1ROWTH)

meollral... Intermat. 'al
Class Interval

SAM AM"

Frequency Class IntorNal Frequency
obacestimiliMd-arom marAmommalloilAIMMAT

C.15 - 0,20 1 0.48 0,75 - 0,80 2 0.96

0.20 - 0.25 2 0.96 0.80 - 0,85 5 2.40
0.25 - 0.30 5 2.40 3.85 - 0.90 13 6.25

0,30 - 0.35 9 4,33 0.90 - 0,95 26 12.50
0.35 - 0.40 11 5.29 0.95 - 1.00 34 16.35

0.40 - 0.45 16 7,69 1.00 - 1.05 47 22.60

0.45 - 0.50 20 9.62 1.05 - 1.10 17 8.18
0.50 - 0.55 32 15.39 1.10 - 1.15 19 9.14
0.55 - 0.60 55 26.44 1.15 - 1.20 10 4.80
0.60 - 0.65 30 14.42 1.20 - 1,25 14 6.74

0,65 - 0.70 17 8.18 1.25 - 1,30 6 2.88

0.70 - 0.75 5 2.40 1.30 - 1,35 6 2.88

0,75 - 0.80 4 1.92 1.35 - 1.40 5 2,40

0.80 - 0.85 1 0.48 1.40 - 1.45 2 0.96

1.45 - 1,50 2 0,96
................nr.nwomm.noeislwn saws. mown w.ro..wrw..0...s.. memo

Total
me,. .e.1.

208 100.00 Total 208 100.00
Amaisrom AAA .1...A.-A Amowanoll.1 101. ...AA A.m.,. IlyAMI. Au A Awl. AA 1. welAa.
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From the data given in Tables 2a aid 2b the averages and standard

deviations wore caculatd. The vulv.es wer,D ;10 f02,10WS :

Ave r age s. d

Slope of mental growth 0.5089 0.0905

Slope of motor growth 0.!;363 :0.1158:

Intcrcept of mnt,.,1 growth 1.3649 0.1044.

Intercept of :rotor g:owth 1,0541 .0.1400

The higher value of standard deviotion in case of motor growth indicated

that the subject to subject ty was higher for motor growth than

the mental growth,

Further examination of the frequency distributions given in tables 2a

and 2b aine revealed that no kn yin theoretical distribution could be

fitted to the d!.-Ita. Thi2 nictniv 11x, to the bj nature of the

frequency distributions.

For each case the value of r- which measires the clIsc ne :49 ,,f the

line fitted to the observed data ../as ak.so crlcul,,t,r1 mcs casrs we-2e

next classified as per th:r. p.alues if r2 ebd a sho,.t summmtJ is given

below :

Table -2c: FirCIJ}:]NCY DISTP.LBUTION OF SQUAR73 OF 0CRRILaTIOr
OOFFFICT'VeY !r2)

ffc:nt&... Scale M.: to r Scale
Froquercy A .irequoncy, ,4-.

Range o r r2 it lot:

.kbov:i . 99 '7 3.4.1 3 1. 4

Between .99 end .95 172 82,7 77 37.0

Between . 949 and . 900 27 13, 0 93 '14,7

Below . 900 2 ,.. 0. 9 35 16 . 9

if,) t Ea 208 100. 0 203 100.0
rial10.7MOOMI.MVI9a INM.. 'AMorar........../.,...700M wr.t wow ...my ...mr.se. 7011=1,etarl,..-, as-

It may be noted from Te.b] e-2c that the ..r,gressi,Nr. rqu.aci.n very closely

approximates the pattern of grown { :specially f,..)r ment,1 growth for which

the value of 1r21 was above 0.95 for ne a,ry 06% of the cases. However
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in resp:ct of motor growth the approximation by the regression equation

was not as close, and for alxut 17% of cases the value of r2 was below

0.90.

Study of variation of slope of IndividuF1 Growth Curves

The causes for large variation in the slope and intercept values were next

examined. It was observed that for lines with high slop the intercept was

low and vice versa indicating some association betwerni the two for both

mental and motor growth. A random sample of 20 cases was taken an,: the

relationship between the intercept end slope was computed. The results

were as under

a = 2,0880 - 1.1900 b (mental)

a = 1.7315 - 1.2567 b (motor)

The coefficient of correlation between the slope and intercept was -0,96

for mental and -0.99 for motor.

The strong correlation between the slope and intercept value implied that

the growth curve is almost uniquely determined by the slope. Hence the

variations noted in the individual growth curves should be attributed to

the variations in the slope al.ne. in the light this a study of the

various factors that influence the slope eras found necessary. One such

factor which varied cnsiderably over the subjects Looted is the period

of tostings. To know about the efroc-N, of the period of testings -n the

curve the slopes were tabulated in a two way table with Lg,es of first

testinc_: on -no si and the age If last testing on the Aher side. The

details of this two-way analysis are summarised in Table-3a for mental

growth and Table-3b for mots grc,wth.
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Table-3n: AVERAGE SLOP: OF MENTAL GROWTH CURVES CLASSIFIED AS PER THE
OE AT F14 3T TrSTING ?LE AT THE 1ST TEST N3 OF THE SUBJECTS

AMIONNION.OO tow.

Age at

the 1st
testing

OO.o.00tt...t000tottegn vow ow000 Ot..or ..,tomorsotot....toosoomm000loantatemono alto to goo.. -solo r lost. notaitot to o 020.% ry. ;, LtI.V7J

0 VERALL
-gPIWQ.2.11 4qtveeR-1(2=g4--
Amber ,Werage Number Averas3 Number Average Number werage

of slope of sub- Slope of sub- Slope of sub- Slope
subjects jests jects jects

ail -7,12 ABMS woe oil on maw won. or 01, ao tor, ArNT 11.111. avalu uwooriso ,St ISMS.. tett.. .

1 39

2 37

3 24
4 21
5 12

6 7

7 7

8 6

9 3

10 7

0,6456

0,6343
0.5932
0.5441
0.5105

0,4672
0,4757
0,4725

0.5000
1,4925

4

4 0.7040
9, n.63f4

1 0.4842

1
1

3 0,72Y/ 46 0,,6537
4 0,7472 45

0.7620 29 0.6119
t26 k 23 0. 5513

2 0.5083 15 0,5085

0.4204 9 0.4671
0.5500 9 0,4353

7 0.4887

0.5150 5 0.497;
9 0.5056

0.5045 1
0,4079 1

0, 53 59 -
O. 4684 1

2 0,5514 . -
3.11.10i {MP 1..4 "ONWIMMINIMRAM.MwilIM AMININTAIMMNIMI.WMaam.M.b. r MEOW. + AM.? 2 otooto...r...

Overall 163 0.5818 17 0,5134 17 0,6645 197 0,5917
OWNOMIMM.,4 o....tmrormtomsor orvat.rom uo.toateotomommetoosinro.aoo tot,...toot ..to.ototo-..

Table-3b: AVERAGE suer, OF ::OTOR GROWTH CURV'70 CLASSIFIED AS Pt0I/ THE
AGE AT FIRS"' TFSTING AO-!: ,T THR LAST T7ST1N1 02 TH7 SUBJECTS

-7:77.1471::ZPIT,71173 -----:-. OVERA L.L
Age at Between 25-30 Betwe,,Jn 19-24 Betwee-n 1-13

Mft K.-¢MJartm^ A.% A ...NCO' Imorr.

the 1st Number ;:v.-rage Numbe:, Av,.)rage NumEer Averee Nuaer Averae
testing of slope of sub- slope. of sub- slope of sub- slope

subjects jects jects jects

1

2

3

4
5

6

7

8

9

10

39
37

24
21
12

7

7

6

7

0,5875

0.5606
0.5243'
0.4c;51

0.4290
0.3675
0.3765
0.3807
0.3417

2

1

1

1

1

2

0.5376
U.C.55C,

0.se55,

0,4715

0.5731
0.3777
0.3882
0,4102
0,3764

3 0.6362 .,.14

4 0,7375 45.

0.7392 23

1,775 4 23

2 0, 580c,'

1 0.4r1c.'

1 0,5.4.1 9

7

1 0.4320 5

9

7,5982

%58E,
2.5083
0.5040

0.4523
0.3861
0.3782
0.3969
0.346

Overall 163 0.5323 17 0,5593 17 1,6703 197 0.J466
.torototatt-marottt000. 61000.1076 40 11 I.117 L SY

The results of statistical analysis of datapresented in Tables :a and 3b

show beyond doubt that the age at the first and Iasi; testings defjnitely

influence the slope 'b' of the regression. The slops decreased with the

increase in the age of first testing. This .effect is fairly well pronounced
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upto the age 6 months in respect c.f m1-,t.61 growth and upto the age of 7

months in respect of motor growth. at Lac. testing had an

opposite effect on the slope i.e the oarlie the 4,e of termination of

tests the higher was the slope. Since the aope vus an im2ortant

characteristic which determines the grnAL rate it was decided to enumerate'

the effect of the factors .that imaueacc &t, the baziis of the two -way

analysis carried out earlier the 2c11)Ning 7ariab.1.3 could be considered

to have a major effect on the slope -

i The number of testings made (71): The slope is estimated

more accurately as the number of testing increases.

ii The score at first testing (X2): The effect of any

curvature in the line which is not straightened out

completely by the transf..rmation on the slope will be

reflected by this.,

iii Dispersion of ages at which t!Lo iestP were carrind out(X3):

The effect on slope of the .--1.;Eg vf testing between

the months 1 to 30 can he Te:4Jurt..1 by tL:tc; factor.

iv Co-variance between the agei score (.11): The inherent

differences between the sill-Jjects an their growth will be

measured by this factor

To know the extent of variation in the slopo L th.d can be accounted

by the above four factors a multiple 1..,near .,egres,sion model was

developed and the regression equation estimr.ted frcm a sample of twelve

cases in respect of mental scwes v;as as unf'ter :

b = Constant + 0.0089X1 - 0. )38ex2 - + 0,3441X4

The above regression model explained about f vaciation in

slope values. However it was noted Mat .*e rn;',or contributor (about

45%) to the slope variation was X2 t; slls at tasting. This

confirmed the-results of earlier enalsi.: girn in T,lbles 3a and 3b

because the score at first testinz dcpr:tc:!cnt on the age
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scores also the effect of the val.lous facture\ on the slope value could

be considered as identical.

glatalidiat=

The above analyses lead to the colicluslon that a general growth pattern

based on the value of slope alone wal not be relevant unless the

necessary adjustments are made L. reeled of the initial scores and

other factors. The age at initial end .1%1131 estangs and the number

of testings were not uniform for the .,...uLects studied and have therefore

resulted in higher variation of the slope. Adjustments for the factors

therefore become highly impracticable.

The items in the mental and motor scales were in general found to be in

the increasing order of difficulty. But with the advancement of age of

the subject the number of items in the occles to rightly assess the

improvements in the mental and motor perf,rmance was limited. The

effect of this scale limitatol. wef, that fo7 almoet all subjects the

testings made beyond 24 months invaxiaiav yf.eldee nearly same score thus

flattening the curve at the fag end. This flattening of the curve between

the period 24 to 30 monthS tended to rc:oa,:r: tte veOue of slope. This fact

was well brought out in Tables 3a and vherc mev be noted that value

of slope was higher as the age at _lac teFting decreased. It is possible

to eliminate the effect of this scele hj excluding the data

recorded beyond 24 months. But the complete e-evaluedon of growth.

curve was not done because it was feared that the effect of initial

score which was more dominant woulJ still 7ersi3t,
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CHAPTER 17

EVALUATION OF GROWTH PATTERNS - A Difi7e:.en:4 Aia.roaci.

Introduction

The attempt made for classification and evawatien of gereral growt!-

curves based on regression lines of :.adividual suttlec'cadi3 not succeed

for reasons already explained in the carTieI seetilnar Ia ihis context

the problem should be approached it a different rne4e, A simple yet,

powerful method is to compare each cese a3ainat 6M le standard vhie can

be considered as representative of rormal vrowth Rad classify the cases

as above normal, below normal and normaj.. in the a:Decree of any

previous data it' was decided that the ove2all monthly aveeaPes ebre7,ved

at each age level (as presented in Tables Af and A21 of t've rinal Rercit*.i

could be conveniently taken as norms for comparison, Fo7 any seljee the

deviation from the standard was computed for eact eonth and the average

deviation was tested for significance using the pcieed ttest. The ease

was defined as 'fast growth' if the ciciatTn w le tee,e to be ralsitive and

significant. The case was defined ee 'slew ;rowt'l. af tee evelDae devia-

tion was found to be negative and signifie7nt, 0';Lerwiee the case was

considered as normal,

The classification of the growths as fact, eormal and slow was evcluated

separately for the mental and motor Fr.:0Jes. 30,..1c.wne of Ole limiq.etion

in the scale it was decided that the scerec ,1Aelned uhe subjecta upto

24.months of age only will be taken into ceneide,al'en fug L e dassjfiea-

tion. After classifying the subjects into tlIc. Ufne ca'uTuriec a genera.

growth curve for each category based on the averaeie coal0 he eveluated,

The case numbers of subjects classified as fast, leLal and slow in

respect of the mental and motor greeth aIe g:.ven lc ieiapenc:j.x A, Tab' e'

1 and 2. The details of the average monen?.y seeiee foe chi three

categories are shown in Tables 3 and 4 4Teadae e the mental

and motor scales.

a -Vide fo-'r."..-

wa. 1, . dr. Nam.27.
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EvaluatialQaCLZMAriOn of gr.D'611-9..!13:.-c/f., tb:2.14t4Varlas.

From Tables A3 and A4 in appendix it 111:7 be noted that there exists

significant differences between the average scoroc recorded for the

three categories of growth viz, slow, normal and fist, It was noted

that for these data also the regression oluation Doc; y = a + b log x

was the best fit. The details of the .regression reluat%on fitted as

well as the value of r2 are presen',1d n Table-..1 for the mental &

motor scures.

Table-4: REGRESSION EQUATION FOR 7.-12 MENAL OD M)TOR (S0WTHS

Scale Category of growth regression Tu4v.tioa 2,2

Mental

Motor

Slow
Normal
Fast

Slow
Normal
Fast

.... Imur Anini Impoolow

og :' = 1.2520 0,6.:31 1,1g x 0.977
lug y = 1.2965 + 0,6483 Log x 0.978
log y = 1.2923 0.6G70 J.0 g x 0,985

log y = 0.9230 + 0.6323 log x 0.975
leg y = 0.9569 + 0.6208 Iag x 0.971
log y = 0.9892 + 0.C1OG log Y 0.970

7...171MEMS=111. On. .NEIMe MIIIMMLENNAMEM si:100.1171, OSMIL

Statistical tests were next carried out find ort.t .Ghe differences in

the regression parameters for the three ,a,i.:eceriee. The rcsults indi-

cate that -

i the small differences_ in the slope Lnd intercept values

are highly significant for botl mental and motor scores.

ii the regression lines fitted .1olild be c.0:.eidered as best

because the value of r2 in all case:; -,nceel 0,97.

iii for mental scores the intercepts of the normal and fast

categories are same but the slope for fact vewth curve

was higher.

iv in case of motor scale the differences batman the

intercepts for the, three categories are well pronounced

than the slope values.

A plot of actual averages against age fe:- the tIrev- categories of growth

are shown in Charts B1 and B2 of Lppenlii. E. i stly o.7 the charts

reveals the following :
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i For mental scores there was nu cppreelas difference

upto 9th month between the ncrual !And feret grewth

patterns.

ii After the 9th month the three earvos cor-eeponling to

mental scale tended to diverge.

iii For motor scores the differences between the three

categories were very small upte third mortl.

iv The average scores for the slow category (motor)

between 12 and 18 months is een(7,ider6bly low.

In order to know the extent to wh'ch the theoretical c'ir'ro developed

approximates the observed velues ti actual monthly averages for normal

cases were projected along with the caudated values from corresnoneing

curve in Charts B3 and B4 of Appendix B for the mental and motor seeles.

The figures show that the curves fitt,A .are fair.,6eproJdZatione of -the

Dimmed litoulkh pattern.

A40.9.14t1QP bc.tligenmOtalAVARO)r,ErVtb,

The association between the mental ,:,r.,-, meter face.lies of the individual

subjects was also examined. Table- 5 eivee th tvo-waj classification of

the subjects in respect cf their mental and motor eeeewih.

Table-5: SSOGIZTON BITTEEN & MOTOR GROIN

.....011ugmsammr. :eammee nommaammucw. ,a

NOtor Fast
Growth Normal

Slow

Are 'Ito?. Growth

Feat :Tor me.t. Slow Total
ma*** *sr . allaa...mm. sureor...4 zamsw...m.ma-sw =nem. as.

35 15 6

26 S2 ';',1

4 11

Total ee 71 :Li

57

99
52

208

Table-5 indicates that the subjects are almltt equ:ly dsvided into

the three groups in respect of the)- reseoee- Melees in respect

of motor performance' nearly half Lf Clam show no2L1 2,,Iformance the

rest being equally divided as fast s=ole 3),atistecal tess have

confirmed this. Further tests have sisc revealed -)ecitive es:lc:elation



between the two growths i.e a subjec',. e;lowing l'aet or normal performance

in motor growth is more likely to saeu fest cr ncrlal performance in

mental growth. Also as many as casco were foue0. to be of same

category in respect of both mental and motor groWth which is very

significant because under the assumption of oo associetien eech cases

are not likely to exceed CO,

OHAFTEA

ITFLOCITY nF GROWTH

Introduction

The velocity of growth of Indian caildran in respect of the mental and

motor performance assessed under Beylcy ocale ere reported in Tablee

A5 and A25 of the Final Report*. The veTocity wae expressed as the

increase in the average total scoee of &J subjects who haee reported

for testing in two consecutive month e (afeered to as related samples).

The speed curves relating to the moter en.] mental e;'eeth in which the

increase in scores are plotted ageiest ter menth ae3 preeented in

Figures B3 and B9 of the Final ReperLe 1!;venthough ',he growth velocity

data was treated separately for boys and ste,,istieal tests

reveal that the growth velocity ie eme f"i both-seyee in respect

of mental as well as motor scale. Th.e growth velo:i4 wac at the

peak in the 5th month for mental see le eed the r,th month for motor

scale. A sharp fall was observed in the epeed cf growth after the peak

and the speed of growth was fairly stationary fram 8th month onwards

1.70.M.1 =11 :,
.11. Vide ±.'eorile 'ett;e

/1.11 1111=1
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for mental scale and from 12th month onwards for the motor scale.

Further after 20 months the difference between the related samples

was not very significant in all cases to assert a positive growth.

The vqlopitx_curza

A suitable form of the curve that will depict the variations in the

speed of growth over the months was next attempted. apart from the

early peak secondary peaks were also noted but the periodicity of the

peaks were not pronounced in either of the curves. Therefore a curve

that will have an early peak followed by a downward slope was thought

of as a reasonable representation. Further in evaluating the curve

the data for only those months for which the speed of growth was

significant were considered relevant. The simplest form of curve

that was found to fit well for the mental and motor scales was -

where

y = (x - a)20-kx

y = speed of growth

x = age in months

a,k = parameters of the curve

In both scales a pair of values for a and k could be obtained which

explained around 93% of the variations in the growth velocity. The

observed growth velocity along with the calculated growth velocity for

each month are presented in Tables 6a and 6b respectively for the

mental and muter scales.



Table-6a: MONTHWISE OULRVED M D CALCULATED GROWTH
VELOCITY (MENTAL SCALE)

Curve fitted : Yc = (X+2.2)2 e

OiMMOMM4PIMMIEMMINIM.I.MMil 00 Mi. MOOM.fte Nal.S .11M Oca AMIONMC.INI*M. VIMD

Age (X)
Observed Calculated
Velocity Velocity

(Y) (Yc)

2

11111. Milne MIP!..7.0111.02.1131aa.111140M1..........M1=11-

9.39 9.49
3 10.7? 10.67
4 10.71 11.12
5 13.20 MOO
6 12.15 10.47
7 8.21 9.66
8 4.76 8.71
9 3.75 7.70
10 4.99 6.71

11 5.39 5.76
12 5.24 4.89
13 5.12 4.11
14 4.80 3.42
15 3.34 2.83
16 3.44 2.32
17 3.56 1.9C
18 3.64 1.54
19 3.49 1.24
20 2.92 1.00

net.7.=1.....M.11Anta,....amoimarv.0....11.01a

Table - -6b: MONTHWISE OBSERVED AND CALCULATID GROWTH
VELOCITY (MOTOR SCALE)

Curve fitted : Ye = (x.00.35)2 e-0.36X

.=,,,I=7.0011.41.0.2N..=1.-1111WMawse

A1ge

Observed Calculated
(X) Velocity 7elooity

(Y) (Ye)

2 3.55 2.69
3 3.51 3,81
4 3.66 4./18

5 3.80 4.73
6 5.31 4.55
7 4.66 4.35

8 3.83 3.91
9 2.91 3.42

10 2.47 2.93
11 2.18 2.46
12 1.30 2.03
13 1.86 1.65
14 2.01 1.n
15 1.72 1.06



The relevant details are also illustrated in figures B5 and B6 of

AppendiA B. It may be noted from the tables as well as from the

charts that for the fitted curve peak region coincides with the peak

/egion of the observed curve. However the steep fall in velocity after

the early peak is not as steep for the fitted carve as in observed data.

The ratio of error sum of squares to total sum of squares in respect of

the curves fitted is between 6 and 7% for the mental and motor growth.

As this ratio is lower than 1C% it could be said that curves fitted

characterise the velocity pattern for Eli practical purposes.

CHAPTER VI

SUMMARY, DISCUSSIONS, AND COMMENTS

Saimary,

The mental and motor growths did conform to certain scientific patterns.

In almost all cases the c,,qqation of the form log y = a b log x was

found to be the best fitting cure. However the values of the parameters

a and b were found to vary widely over the subjects l'or both mental and

motor growth. This could be mainly attributed to the variation between

subjects in respect of months of first testing, tin initial score and the
thmbrr and months of testing. Llso the limitations of the mental and

m..)tor scales especially. after twenty four months tended to interfere with

tie comparisons. Extensive anelysis done for mental scale revealed that

a?.most all the subjects for which testing commenced beyond four months

registered 1,,wer slope values. Further a majority 2.:f the cases for which

testing was terminated before 20 rrb:2-ths recorded higher slope values.

This is probably due to the fact that the interference due to scale

limitations i s absent in such cases rnd h -nce a higher growth rate is

maintained.
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Judgement based on the comparison of slope values will not bring into

light the true differences between the capabilities of individual

children because of interference from other factors. Hence a new

approach of comparing each subject against a commix. standard and classify-

ing them into certain categories was evolved. The overall average scores

obtained for the longitudinal study was taken as the standard. With

referenc to this standard the suktects were classified into three cate-

guries as having fast growth (above normal) normal growth and slow growth

(below normal). Based on the averages of the three categories general

curves for the respective categories in tha form log y = a b leg x were

obtained fur the .mental and moter scales. One important result noted was

that in respect of mental growth the subjects were equally divided in the

three categories whereas in respect of motor growth about half the subjects

were normal the remaining beiag equally distributed in the other two cate-

genies. The mental and motor perform ;noes of the enbjects showed some degree

of association because a child shoving fast mental aorformance is very likely

to reveal fast or llama motor perfarrence.

The growth velocity for both mental an-) meter developuent attained a promi-

nent peak in the first six wnths and thereafter the velocity decreased

censilerably. Some seceadary peaks were also noted. Further the velocity

recorded in mealy cases after 16th month was net fauad to be statistically

significant. A curve that closely approximates the velocity pattern was

fitted. It had only a single peak which coincideduOitn first irodlnodt

peak cf the observed velucity curve. The ratio of error eum of squares t

total sum of squares for the fitted velocity carve was about 6% in respect

of mental as well as motor growth.



-21-

Eventhough the form of curve viz. log y = a b lug x was proved to fit

very well to the growth data it has its own limitations. It may be noted

from Charts -B3 and B-4 that the observed average scores of the children oe

n:rmal category are below the curve in_thnitioal_and later stngcs of

study period whereas they are all above the curve in the illddlf-J pericd.

Tierof:,re some systematic bias is bound to occur wherever the averages

F.e predicted from the curve i.e the curve underestimates the SCCKOS

crtain age levels and overestimates at other age levels. This is

die to the faCt that the original curve when transformed into logarithmic

s3ale does not form a straight line but is slightly curved. Howover when

one is c:::nfined to the study of only the individual cases the curve may

serve as a best guide line because the points are not likely to deviato

farther From curve. To examine this f.':ur cases (Wls 218, 236, 249 & 281)

were selected from among those for which more than 25 testings were carried

out. The ctual scores of these cases al.,ngwith the fitted curve for the

mantel and motor growth are illustrated in Charts P3,,B9 1d B1G k2f

Appendix B. It may be noted from these charts that paints aro mare cloself

located ::rounct the curare. But in all those curves the points correspondin

mid11,. are generally above the cu::.7e.

shull also be mentioned here that for a majJrity of c.:,ses the linear

regression equation of the form y = a + bx where y is, the scre and x

it the age will also yield fair approximation of the growth pattern. To

verify this for the four cases referred the simple regression was

also worked Jut and the value of r2 i.o the proport.on of variation of the

vf.,riable y explained by the relationchip were calculaaod, 4 comparative

i('ea of the r2 values.for the two relati.rnsl,ips = z d bx and y = 1171)

is given ip.table 7 . .
.
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Case No

'r kt 0C, OF LIWAll AND 4LL0 AKRIC
GLrWT7 CUR7VE

iornitiwamob K..00

Mont.al (.rowth
y=e+b:: y=A,x.b

wawmaulereow . vases. as mesa. s saw, s tan AVO as -a so se alas assawslasSma

218 .r, .97 8 5 .95
236 . 'Pt .9i.: .E6 .96
249 .(:,5 ,,,grt ,77 . 9?,

28. .94 .9E' .A3 .95

Fence for mental growth a simpl- which the easiest to fit

will be a close second to the curviliner y

for motor growth the simple regl-ession is nct very q-prepri..:te becau:.,o the

points deviate more from the regresoiL:h

Evidently the growth patterns are r linear but fn.° practical purpos,es

first approximation to the growth c..r) b. ,:on-..eniently obtained IT Lit';,fng

a straight line. The next improverwnt is fitting of a curv.a of the form

y = Axb, which takes into account extert curvature in thc

growth pattern. In all the 208 cases

1.0.

I. ,.- -of. betw..;:,,r 0 ar_d

The curve y = Axb for growth whinh 1) 5E ...ve and less than

1.0 theoretically implies that spE.:.f..1 cf gr))7.11 monoivohicaly CxureasEs with

the increase in age the maArnura being 2 morcl.h.3. Eat ',lc data

on growth velocity consid-2red in deta-a in tnEl,ter show thdt the .3peed ni

growth over the months does not .1.-:crea.: -fly an that there

peak in the first six: months that is prer.:inert. deviatirn

the observed curve from the theoretical form ut y &.,:b is mail:1Y beg...wise

of these velocity differences. Only -,5r soic an hi[Thar 3nlor curve

involving more than two parameters one .a: inco.rpc. ate the velocity aiffnr

°noes in the growth pattern. r.,,-,Jved. 2 -17.-tting

c.,mparison of such nigher ordor carve'' e Ilene., in the

present analysis it WaS de Cidr.i(1 tJ to,uf:..0. two pi,.ran1c.l..3rs.

In this context it car be said that the Axb is

the best fit for the growth daft :.
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Comments

The growth curve patterns developed here for the lingitudinal study using

R3ID Research Form (1961) could be considered as general because

..te form of obser;ed growth curves were almost ide:cital for similar

,rowth studies conducted in other parts cf the wor2d. This fact may oc

verified from Charts in Appendix B of Final Reporfwherein the growth

fog. the present study is illustratedalongwith ether studies done

in USA, -K, Israel and low socio-economic urban and rural samples in India

using th same BSIU Form.

Me analysis for curve fitting in this report were all confined to the

first 30 months which forms only a part of the total growth period. v:et

tt-is period is significant because it covers the earl devolopvntal

stageo. NO attempts were made in tLis study to project th, future.

performances.

Moreover, projection of future performance ba8ed o.' Thrst V.) months data

mi7ht not be reliable in the liFht.of repeated obsai-vatioll::; with reLrencr,

tc low predictive value of testings during infancy.

Grow-a panterns observed in this lengitudinal study we, e categorised ,As

slow, normal and fast and the differ,-m3es botween them evanthough small

wee significarc. But when the subjc;cts w,re selectee, for testing they

were manually checked up and found to be normal. ;fence the smal di:rfer-

cnIes can as well be neglected and the carve for th, normal category cal

be considered as the general growth curve

Vi.da Footnote - Page 2..
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APPENDI 7 - A

table- Al : CLASSIFICATION OF THE 5JEJ EqTS INTO TH
OF MENTAL GROWTH

THREE GATEGORIM

r_, iwth
gory

=1MMN...../!...Tai
Code number of

saY,Y1WIMM.M.IIMNOMOMMMONO/BIJVCray

subj ec,ts

Slow 11 12 13 22 23 25 30

,afteMsaMOillimaNOM

36 44

NWOOROC....D

56

ArCi../z

59 61 76 80 81 83 84 85 88 89

93 94 96 103 106 109 12:i 130 142 144

145 146 150 152 160 169 17t. 17 8 182 184

189 196 200 201 204 205 212 213 214 219

22S 223 225 226 22? 234 23Y 239 242 245

247 250 252 254 w 259 258 25 9 274 277

278 283

1L:)rma1 1 17 19 31 32 37 47 49 50 52

54 60 63 67 70 74 75 77 78 86

90 92 95 105 112 115 116 117 118 120

125 126 138 13 9 140 1.'.1 143 14.9 151 154

159 164 167 168 177 179 180 181 18 6 188

191 193 194 195 198 r.05 2r.), 216 217 218

230 233 236 244 253 258 262 2 (;5 266. 275

27 9

EIS 2 5 6 9 14 18 20 21 27 33

38 40 42 43 46 51 55 65 66 68

71 79 82 87 97 104 107 111 119 122

124. 127 129 131 a34 136 137 156 163 165

172 190 192 224 228 229 235 238 241 248

249 251 255 257 260 261 2t 270 272 273

. .
. .

27 6 281 282 284 5



-25-

Table-A;.; ; CLASSIFICATION OF THE SUBJECTS INTO THE THREE CATEGORIES
®F MOTOR GROWTH

es.w. ......,navaarognamarmlea -wavimpaemma mrowswwco.-a.aummrwme

Gr,Jwth

C atrgory Code number of subj eats

Slow

ausirlIMIVIIa-,T

2 30 44 49 52 56 59 7 5 80 84

57 89 94 106 118 120 126 142 150 152

160 168 17 5 177 178 184 200 205 206 212

213 214 218 219 223 226 227 233 234 235

231 239 242 248 250 252 256 258 274 27 5

278 283

Nor mal 14 18 19 20 22 23 32 33 36 37

40 42 43 46 47 50 54 60 61 67

70 74 78 81 83 85 86 88 92 93

95 96 103 107 109 112 115 119 123 124

125 127 129 130 137 138 140 143 144 145

145 149 151 154 159 164 167 169 179 180

181 186 188 189 192 193 194 195 196 198

201 204 216 217 222 224 225 228 229 230

236 238 244 245 247 251 253 254 255 259

260 261 262 268 269 272 276 277 285

1 5 6 9 11 12 13 17 21 25

27 31 38 51 55 63 65 CO 68 '71

76 77 79 82 90 97 104 105 111 116

11`' 122 131 134 136. 139 141 156 163 165

172 182 190 191 209 241 .249 257 264 265

266 270 273 279 281 282 284



Age
(months)
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Table-A3: MONTHWI.S AVERAGE MENTAL SCORES AND TH7 ST.LITARD DEVIATION
FOR THE THREE GROWTH C.:JTGORIES

mamma Mal OM .1 a I a . a

GROWTH OJITEGORY--_--_-.------- SLOWroom. swab =maws.w..43MS.[...M. MI.M.M.M.4.111........................AM.D.M.M.M...Mampaer...........
Mama. , Wm.. -ram......0.1.. Mamliama.M.100MIZA .1h1411.
Numb,r Average Standard Number ,Lverage Standard Number Average Standari
of Scure Deviation of Score Deviation of Score Deviation

subj.Icts subjectS subjects
4144...................eramlany.....1.1.111.1maimmeama....amlamammaym,myymmarawar..............-4141.M.........10 LIM INIMS4117.a. 4

1 17 16.06 3.34 10 19.40 3.78 19 18.05 2.44
2 26 25.15 3,37 28 25,68 3.49 23 27.74 3.29
3 35 34.49 3.66 33 36.00 3.40 28 38.21 4,31
4 35 44.69 3.95 32 48.06 5.06 33 48,64 3.89
5 41 55.10 5.66 44 60.75 5.07 36 63.50 4.60

6 48 68,35 6.81 41 72,85 5.07 43 74.06 3.25
7 47 78.47 2.46 45 50.58 2.55 46 80.77 2,85

8 52 83.06 2.60 48 84.83 2.37 47 85.49 2.23
9 56 86.64 2.59 43 88.40 2.85 47 89,23 3.41

10 47 89,81 2.79 50 93.46 3.63 51 96.16 3,93

11 48 95.25 3.65 50 98.90 3.51 45 101.04 3.41

12 55 99.87 3,46 51 103.39 3.27 45 107.20 4,15

13 49 105.12 3.53 47 108.45 3.38 52 111.06 3.75

14 49 109.88 3.11 47 112.70 2.40 54 116.13 3.12

15 51 112.10 3.34 46 115.96 3.00 56 119.25 3.84

16 46 116.20 2.65 2.84 50 123.04 4.72

17 45 118.42 2.59 t 112-2,0 2.69 50 127.10 E.40

18 43 121.33 2.78 41 124.83 2.96 52 130.54 5.61
19 40 123.80 3.41 46 12'7.93 3.52 45 135.29 6.44
20 45 125,02 3.94 39 130.23 3.70 47 138.40 7.01

21 48 127.73 3.92 43 133.19 4.46 41 140.85 7.48
22 42 130.81 5.16 40 137.05 5.00 15 146.24 6,73
23 3) 133.67 5.10 42 140.55 5.82 44 148.68 6.47

24 44 ,36.55 6.07 38 144,34 5.37 44 151.98 4.83
25 36 141.75 6.57 38 148.58 4.57 45 155.11 4.93

26 42 145.83 7.34 34 152.24 5.82 44 156.18 4.34

27 33 147.5 0 5.86 40 154.08 5.15 43 158,02 3.21

28 36 149.58 6.24 33 156.21 4.79 43 159.37 2.32

29 3c: 152.54 5.13 37 157.38 3.09 43 160.23 1.48

30 40 153.10 5.65 36 158.50 2.77 38 160.16 1.82

alIMINI12.1114.11.4... M'aM.OMPIWOM.40.04..11.
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Tat1-A4: MONTHWISE .LVERAGE MOTOR SCORES AND THE STZDARD DEVIATION
FOR THE THREr GROWH CMGORIES

Age

(months)

-m. ....

-----
SLOW NORMAL FAST

Number
of

subjects

Average Standard
Score Deviation

Number
of

subjects

Average Standard
Score Deviation

Number
of

subjects

Average Standard
Score Deviation

1 14 8.'9 0.97 19 9.32 1.11 13 9.46 1.05
2 22 11. t5 1.53 37 12.54 1.82 18 13.44 1.50
3

4
24
28

15.54
1/.t,9

1.74
1.17

48

45
15.96
19.78

1.99

1.87

24
27

16.75
21.07

1.82
2.13

5 33 21.30 2.13 57 23.35 2.45 31 25.39 2.46

6 3,, 26.10 2.52 57 28.40 2.26 36 31.50 2.04
7 35 31.03 2.88 66 33.18 2.50 37 35.81 2.01
8 40 35.10 2.35 68 37,06 2.29 39 39.28 2.10
9 43 38.14 2.74 68 40.00 2.06 35 42.49 1.56
10 35 40.66 2.45 74 42.54 2.00 39 44.54 1.29

11 36 43.00 2.14 66 44:73 1.64 41 46.10 1.73
12 42 44.00 2.02 75 45.80 1.59 34 48.26 2.25

13 33 45.45 2.15 69 47.80 2.62 46 49.96 2. Y7

14 39 46.15 2.92 68 49.81 2.33 43 52.35 2.09

15 40 47.80 2.74 69 51.26 2.36 4 53.73 1.77

16 34 48.9 3.47 60 52.58 2.09 46 54.13 1.22

17 32 50..4 2.71 65 53.74 1.48 41 55.20 1.44

18 31 51.54 2.42 63 54.57 1.13 42 55.48 1.25

19 31 -)2..3 3.79 66 54.68 1.03 34 55.82 1 or
20 31 33.53 2.97 52 55.37 1.60 38 55.95 1.66

21 36 3.e..30 1.83 60 55.58 1.06 36 55.81 2.12
22 35 54.66 1.21 56 56.33 Z.27 36 57.64 2.52
23 31 34.65 1.36 63 56.75 2.38 '-,1 59.39 '.30
24 92 E.13 2.08 64 57.48 - 2.46 30 60.03 :,.21

25 ','S 5 (.14 2.17 58 58.69 2.69 :8 56.14 2.1%

26 32 56.88 2.55 54 59.87 2.66 32 56.88 2.55

27 2 5 57.44 3.18 58 61.19 2.82 25 57.44 3.18
28 2e f9.10 3.13 53 62.00 3.09 i9 59.10 3.13

29 31 60.87 3.22 56 62.64 2.82 31 60.87 5.22
30 31 61.74 3.67 52 64.35 2.24 21 61.74 3.67
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