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A bstract: Gross m otor developm ent of 199 (106 males and 93 females) healthy  
in fan ts of Bengali parentage have been studied in  relation to th e ir nu tritional 
sta tus. The children who were provided w ith adequate nutritious foods (rich in 
protein  and vitam ins) are found to  a tta in  necessary m otor skills for perform ing 
head-lifting, rolling, sitting, crawling, standing or walking significantly earlier 
th a n  the ir counterparts having inadequate nutritious foods (rich in carbohydrate). 
In  the study  significant correlations betw een the tim e (age) of a tta in ing  the six 
stages of developm ent have been obtained. For efficient prediction of the age of 
a tta in ing  the stage of sitting, standing, or walking i t  is sufficient to  know  the ages 
of reaching the im m ediate two preceding stages of any one of these three m otor 
abilities, bu t for age of crawling appropriate inform ation about sitting-age is only 
required.

K ey ivords: Motor developm ent, Bengali infants, N utritional sta tu s; Develop­
m ental stages: H ead-lifting, Rolling, S itting, Crawling, Standing, W alking-with- 
support.

Introduction

In  th e  m easu rem en t o f an  in fa n t’s ach iev em en t in  d iffe ren t fu n c tio n a l areas 
h is ’b e h a v io u ra l re p e r to ry ’ is g enera lly  assessed b y  d ev e lo p m en ta l ex am in a ­
tio n s. D ev e lo p m en t m eans here  an  increase  in  th e  n u m b er o f ab ilities  w hich  
em erge u ltim a te ly  from  an  in te ra c tio n  betw een  n ervous sy stem  p ro p ertie s  
a n d  e n v iro n m e n ta l experiences (Tow en  1981). F o r th e  s tu d y  o f m o to r  develop­
m e n t th e  im p o rtan ce  o f sev era l fac to rs  as genetic , n u tr itio n a l, em o tiona l, 
socio-econom ic ones, e tc . has a lre a d y  been h igh lig h ted  (N eligan  a n d  P rudham  
1969, Vaughan  an d  McK ay  1975, Malina  1980).

T h a t  n u tr i t io n  is fu n d a m e n ta l to  h u m a n  deve lopm en t an d  ag a in , t h a t  i t  
h as  fa r-reach in g  effects on p h y sica l an d  p sy ch o m o to r d ev e lo p m en t has been  
show n in  severa l researches (J elliffe  1966, Cravito 1968, W H O  1972, 
Grantham -McGregor e t al. 1980). I t  has u n iv e rsa lly  been accep ted  th a t  
s a tis fa c to ry  n u tr i t io n a l in ta k e  is essen tia l to  su p p o rt th e  n eed s o f n o rm al 
growth a n d  dev e lo p m en t inc lu d in g , o f course, m o to r d ev e lo p m en t (Malina  
1980). T h e  p re se n t p a p e r  aim s to  ex am in e  som e m o to r ab ilities o f  th e  B engali 
in fa n ts  in  th e  f irs t  y e a r  of life b y  n u tr i t io n a l s ta tu s .

Material and Methods

In  1971 — 72 th e  d a ta  w ere co llected  in  a lo n g itu d in a l s tu d y  o f  200 h e a lth y  
in fa n ts  (107 m ales an d  93 fem ales) o f  th e  B engali p a ren tag e , o f  m ixed  b ir th  
o rd er, an d  o f  u n eq u a l socio-econom ic levels. T he d e ta ils  a b o u t su rv ey  design,
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selection  o f in fan ts , p ro ced u re  o f  d e te rm in a tio n  o f n u tr i t io n a l s ta tu s  o f in fa n ts , 
e tc ., h av e  a lread y  b een  p resen ted  p rev io u sly  (B a n e r je e  1976, B an er jee  
an d  B a n e r je e  1978, B a n d y o pa d h y a y  e t al. 1981).

F o r th e  pu rpose  o f  th e  p re sen t s tu d y  th e  in fa n ts  h av e  been s tu d ied  u n d e r 
tw o b ro ad  n u tr i t io n a l g roups, n am ely ,

1. Group A :  inc ludes th o se  w ho w ere g iven lim ite d  b re a s t feed ing  fo r less 
th a n  6 m o n th s  an d  h a d  h igher co n sum ption  of n u tr i t io u s  foods th ro u g h  m ore 
b a lan ced  w eaning  d ie ts  (rich  in  s ta rc h , p ro te in  a n d  v itam in s) , and

2. Group B :  consists o f  tho se  in fa n ts  w ho w ere g iven  p ro longed  b re a s t feed ­
ing for m ore th a n  6 m o n th s  an d  supp lied  w ith  less b a lan ced  n u tr ie n t foods 
(rich in  s ta rc h  b u t  p oo r in  p ro te in  an d  v itam in s) a f te r  w eaning .

W ith  resp ec t to  e a rly  d ev e lopm en ta l m ilestones each  m o th e r was asked  
w heth er h er child  h as  a lread y  ach ieved  h ead  lif tin g  an d  o th e r m o to r skills. 
I f  th e  answ er w as ’yes’, she w as asked  to  re p o rt th e  age o f th e  in fa n t a t  head  
liftin g  in  m o n th s a n d  th e  sam e p rocedure  w as follow ed fo r each  one o f  th e  
o th e r skills. A tte m p t to  o b ta in  re tu rn s  o f age in  w eeks w as th o u g h t to  be 
fu tile  because such  a t te m p t  w ould  h av e  g en era ted  m ore  in co rrec t in fo rm a tio n  
due to  recall lapse. T h e  in fo rm a tio n  g iven b y  th e  m o th e r w ho is in  c o n ta c t 
w ith  th e  child  e v e ry d a y  an d  w itness his p rogress in tim a te ly , w as checked  
th o ro u g h ly  in  ev e ry  hom e v is it a t  reg u la r  in te rv a l b y  th e  in v e s tig a to r  ( J b ).

The m ilestones w hose resu lts  are rep o rtee  here  w ere defined  as follow s:
a) H ead-lifting: w hen  th e  in fa n t is ab le  in  p ro n e  p o sitio n  to  hold  ch in  an d  

shou lder off couch (bed) p ro longed ly  so th a t  p lan e  o f  face appears to  be a t  
an  angle betw een  45 — 90 degrees from  couch (bed).

b) Rolling: w hen th e  in fa n t is able to  tu r n  o r ro ll from  supine to  p rone  
position .

c) Sitting:  w hen th e  in fa n t  is ab le to  s it  alone w ith  h an d s  fo rw ard  for su p p o rt.
d) Crawling: w hen  th e  in fa n t is ab le  to  creep o r m ove using  all th e  four 

lim bs.
e) Standing: w hen th e  in fa n t is ab le  to  s ta n d  a lone .
f) W alking: w hen  th e  in fa n t is ab le to  w alk  ho ld ing  on to  fu rn itu re .
The d is trib u tio n s  o f th e  in fa n ts  p er m ilestone (stage) o f m o to r deve lopm en t 

are  censored in  th e  sense th a t  all th e  in fa n ts  w ere n o t found  to  have  a tta in e d  
th e  la s t la n d m a rk  o f w alk ing  w ith in  tw e lv e  m o n th s  a f te r  b ir th . T he log t r a n s ­
form  o f th e  p resen t d a ta  on age o f reach in g  th e  g iven  stages has been  used  
to  co m p u te  m eans a n d  v a rian ces  an d  aga in , to  do te s ts  fo r d ifferences in  tim e  
(age) o f a t ta in m e n t o f m o to r skills. T he second se t o f m eans an d  varian ces  
has fu r th e r  been co m p u ted  b y  f i t t in g  a lo g arith m ic  n o rm al d is tr ib u tio n s  to  
th e  p re se n t d a ta .

F o r th e  d ev e lo p m en ta l stages o f  s ta n d in g  an d  w a lk in g -w ith -su p p o rt m eans 
an d  v ariances h av e  b een  e s tim a ted  fo r all th e  in fa n ts  on th e  basis o f observed  
d is tr ib u tio n  (Gupta  1952, Gr u n d y  1952). K olm ogorov-S m irnov  te s t  (S iegel  
1956) has been  m ade fo r te s tin g  d ifferences in  t im e  o f a t ta in m e n t o f m o to r 
skills.

P ercen tiles for d is tr ib u tio n  o f age a t ta in m e n t o f th e  skills by  n u tr itio n a l 
s ta tu s  of th e  in fa n ts  h a v e  been  p resen ted . F o r sm o o th in g  th e  percen tile  curves 
lo g arith m ic  no rm al d is tr ib u tio n  has been  f i t te d  to  th e  observed  sets of tim e  
(age) o f a tta in in g  th e  stages o f s ittin g , s ta n d in g  an d  w a lk in g -w ith -su p p o rt.

C orrelations an d  p a r t ia l  co rre la tions b e tw een  th e  ages of a t ta in m e n t o f th e  
given six gross m o to r  skills b y  n u tr i t io n a l s ta tu s  o f  th e  in fan ts  h av e  been
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ca lcu la ted . As s ta te d  earlie r, n o t all th e  in fa n ts  reach ed  th e  stages o f s ta n d in g  
an d  w alk in g -w ith -su p p o rt w ith in  tw elve m o n th s  an d  hence, th e  co rre la tions 
b ased  on all in fa n ts  w ould  h av e  been  s lig h tly  h ig h er or low er th a n  th o se  
o b ta in ed  in  th e  p re se n t s tu d y . B u t as th e  co rre la tio n s  are  fa irly  h igh  w hich  
m ay  be due to  sam ple b e ing  hom ogeneous or ro u n d in g  o f tim e  (age) of a t ta in ­
m e n t of a  skill in  m o n th  th a n  in  w eeks, th e  sign ificance is un like ly  to  be 
a lte red .

Salient Findings

T ab le  1 show s th a t  n u tr i t io n a l s ta tu s-w ise  d ifference in  th e  p ro p o rtio n s o f 
in fa n ts  reach ing  u ltim a te  d ev e lo p m en ta l s tage  o f w alk in g -w ith -su p p o rt is 
h ig h ly  sign ifican t ( t  =  5.99).

M ean ages o f a tta in in g  th e  d ev e lo p m en ta l stages fo r th e  G roup A (w ith  
a d e q u a te  n u tr itio n a l in ta k e ) in  c o n tra s t to  th e  G roup  B (w ith  in a d e q u a te  
n u tr i t io n a l in tak e ) a re  p re sen ted  in  T ab le  2. T he G roup  A show s in  genera l 
re la tiv e ly  earlier (by  a m o n th  in  som e stages) ach iev em en t o f th e  m o to r sk ills.

D ifferences in  m ean  log tim e  o f a tta in m e n t o f each  s tag e  o f d ev e lo p m en t 
b e tw een  th e  G roup A a n d  th e  G roup B are  fo u n d  to  b e  h ig h ly  sign ifican t fo r 
all skills (T able 3).

Table 1

Number and proportion of infants attaining successively the six milestones of m otor development
by  nutritional group

Nutritional
group

Milestone of motor development
Stage 1 
Head­
lifting

Stage 2 
Rolling

Stage 3 
Sitting

Stage 4 
Crawling

Stage 5 
Standing

Stage 6 
Walking-with- 

support

A 130 130 130 129 -127 127
(100.0) (100.0) (100.0) (99.2) (97.7) (97.7)

B 69 69 69 66 47 47
(100.0) (100.0) (100.0) (95.6) (68.1) (68.1)

All 199 199 199 195 174 174
(100.0) (100.0) (100.0) (98.0) (87.4) (87.4)

Table 2

E stim ated mean age ( ±  s.e.) of attain ing six milestones of m otor developm ent based on loga­
rithm ic distribution by nutritional group

Age (in month) of attaining milestone
Nutritional

group Stage 1 
Head­
lifting

Stage 2 
Rolling

Stage 3 
Sitting

Stage 4 
Crawling

Stage 5
S t a n d i n g

Stage 6 
Walking-with- 

support

A 2.99 3.67 6.87 8.72 10.07 10.28
± 0.06 ±0.07 ±0.10 ±0.11 ±0.12 ±0.11

B 3.60 4.44 8.29 10.08 11.00 12.02
± 0.09 ± 0.10 ±0.15 ± 0.14 ± 0.14 ±0.12
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Table 3

Mean of logarithm of time ( ±  s.e.) of atta inm ent of six milestones of m otor developm ent by
nutritional group

Nutritional
group

Stage 1 
Head­
lifting

Stage 2 
Rolling

Stage 3 
Sitting

Stage 4 
Crawling

Stage 5 
Standing

Stage 6 
Walking-with- 

support

A 1.07 1.28 1.91 2.15 2.30 2.32
±0.02 ±0.02 ±0.01 ±0.01 ±0.01 ±0.01

B 1.26 1.47 2.10 2.30 2.39 2.48
±0.02 ±0.02 ± 0.02 ±0.01 ±0.01 ±0.01

t-values —5.74** ±6.40** —8.00** —7.29** —4.50** —8.82**

** Significant between group m ean differences a t 1% level.

T h e p a t te rn  o f age progression  in  th e  m a tu rin g  o f six  m o to r  skills for th e  
tw o  n u tr it io n a l g roups A an d  B is show n in  T able 4. In  th e  course  o f develop­
m e n ta l process a  good p ro p o rtio n  o f th e  G roup B is o bserved  to  m a rk  re la ­
tiv e ly  g rea te r  degree o f r e ta rd a tio n , especially  in  earlie r ages d u rin g  th e  f irs t 
p o s t-n a ta l  y ea r. As a re su lt, fo r  each  s tag e  o f m o to r d ev e lo p m en t w hen  70%  or 
l i t t le  m ore o f th e  G roup A reach ed  a stag e  concerned , n o t even  o ne-ha lf of 
th e  G roup B could  achieve th e  sam e s tag e  b y  th e  sam e tim e .

As we are  n o t su re  if  th e re  is an y  ag reem en t be tw een  th e  tw o  cu m u la tiv e  
d is tr ib u tio n s  for th e  n u tr i t io n a l g roups, Kolm ogorov— S m irnov  test has been 
app lied  to  exam ine w h e th e r th e  tim e  (age) ta k e n  for ach iev ing  s tages o f S ittin g , 
S tan d in g  an d  W alk in g -w ith -su p p o rt is earlier for th e  G roup  A th a n  fo r th e  
G roup B. T he te s t  s ta tis tic  y 2 (w ith  2 d .f.) is h igh ly  sig n ifican t fo r each  stage  
o f deve lopm en t. As a m a tte r  o f fac t, fo r S ittin g , S tan d in g  a n d  W alk ing  y 2- 
v a lu es  are  31.35, 22.03, an d  26.08, resp ec tiv e ly . T his confirm s th a t  th e  in fan ts  
•— m ale or fem ale — w ith  h ig h er n u tr i t io n a l s ta tu s  ach ieve in  general th e  
m ilestones of m o to r d ev e lo p m en t s ig n ifican tly  earlie r th a n  th o se  o f th e  low er 
n u tr i t io n a l s ta tu s .

T he in te rre la tio n s  b e tw een  th e  ages a t  w hich th e  in fa n ts  a t ta in  defin ite  
s tag es  o f m o to r d ev e lopm en t h av e  been  exam ined  w ith  re sp ec t to  d ifferen tia l 
n u tr i t io n a l s ta tu s  of tb e  b ab ies  (T able 5). I t  is in te re s tin g  to  n o te  th a t  irre ­
spec tive  o f n u tr itio n a l s ta tu s  all th e  co rre la tio n  coeffic ien ts , ex cep t be tw een  
th e  s tages o f H ead-lifting  a n d  S tan d in g  fo r th e  G roup B , a re  s ign ifican t a t  
1%  level. B u t in  a n o th e r case n am ely , betw een  R olling  an d  S tan d in g  fo r th e  
G roup A, significance is a t  5 %  level. T h e  find ings confirm  th a t  m o to r develop­
m en t occurred  in  an  o rd e rly , p red ic tib le  m an n er in  cep h a lo cau d a l d irec tion . 
All th e  co rre la tions are  fa ir ly  h igh  a n d  th e  sam e be tw een  a n y  tw o  succeeding 
stages are alw ays m ax im u m .

W e h av e  exam ined  if  th e  co rre la tio n  coefficients as o b ta in e d  b e tw een  an y  
id en tica l p a irs  o f a d jacen t s tag es  of m o to r deve lopm en t fo r th e  in fa n ts  belong­
ing  to  h igh  or low  n u tr it io n a l s ta tu s  a re  s ta tis tic a lly  d iffe ren t. As in  m ost 
cases no s ign ifican t d ifferences in  co rre la tions ex is t i t  m a y  be  s ta te d  th a t  co r­
re la tio n s  do n o t in  general depend  u p o n  n u tr itio n a l s ta tu s  o f  th e  in fan ts .

F o r p red ic tio n  of tim e  (age) o f ach iev em en t of d iffe ren t m o to r  skills p a r tia l 
co rre la tio n  analysis has been  carried  o u t (Table 6). F o r G roup A , a f te r  e lim inat-
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Table 4

Cumulative percentage distribution of the infants by tim e of atta inm ent of six milestones and
nutritional group

Milestone attained by Time (“S') of attainment of milestone (in month)
each nutritional group l+ 2 + 3 + 4-1- 5  -J- 6 +

Head-lifting
A 0.9 18.5 84.6 97.7 100.0 —

B — 7.2 34.8 98.5 100.0 —

Rolling
A — 1.5 47.7 89.2 96.1 98.5
B — — 13.0 49.3 94.2 100.0

Sitting
A — — — 0.80 10.0 39.2
B — — — — — 5.8

Crawling
A — — — — 0.8 5.4
B — — — — — —

Standing
A — — — — — 0.8
B — — — — — —

Walking-with-supporl
A — — — — — 0.8
B — — — —

7 + 8+ 9+ 10+ ll+ 12

Head-lifting
A
B

Rolling
A 100.0
B —

Sitting
A 69.2 96.1 98.5 99.2 100.0 —

B 27.5 56.5 84.1 97.1 100.0 —

Crawling
A 13.1 35.4 76.1 96.9 98.5 99.2
B — 5.8 34.8 60.9 82.6 95.6

Standing
A 0.8 9.2 31.5 68.5 77.7 97.7
B — — 5.8 20.3 42.0 68.1

Walking-ivith-support
A 0.8 4.6 27.7 59.2 75.4 97.7
B — — 1.4 11.6 24.6 68.1
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Table 5

Linear correlation coefficients (r) between the stages (milestones) in m otor development of the
infants by nutritional group

M ilestone in m o to r  d ev e lo p m en t
1

M ilestone
(S tage)

S tag e  1 
H ead - 
lif tin g

S tag e  2 
R olling

S tage 3 
S ittin g

S tag e  4 
Craw ling

S tag e  5 
S tan d in g

S tage  6
W alk ing-w ith - 

su p p o rt

1 Head-lifting 0.57**
Group A  

0.62** 0.44** 0.32** 0.34**
2 Rolling — — 0.46** 0.29** 0.19* 0.25**
3 Sitting — — — 0.75** 0.67** 0.58**
4 Crawling — — — — 0.85** 0.84**
5 Standing — — — — — 0.86**

1 Head-lifting 0.61**
Group B  

0.58** 0.41** 0.23 0.45**
2 Rolling — — 0.60** 0.58** 0.42** 0.46**
£  Sitting — — — 0.79** 0.69** 0.57**
4 Crawling — — — — 0.77* 0.68**
5 Standing — — — — — 0.62**

** Significant a t 1% level. 
* Significant a t 5% level.

Table 6

Partia l correlation between the stages (milestones) of m otor developm ent of the infants classified
by nutritional group

P a r t ia l  
co rre la tio n  

b e tw een  s tag es
V alue

P a r tia l  
co rre la tio n  

b e tw een  s tag es

P a r tia l
V a lu e  co rre la tio n

b e tw een  s tag es
V alue

P a r tia l  
co rre la tio n  

b e tw een  s tag es
V alue

Group A

r 23.1 0.16** r 45.1 0.83 r 45.123 0.70** r 56.4 0.51**
0 . 6 8 r 45.2 0.85 r 56.i 0.84 r 56.34 0.51**
0.73 r 46.3 0.71** rM.2 0.85 r 66.234 0.51**

r 34.12 0 . 6 8 r 45.23 0.70** r66 3 0.78 r 56.1234 0.51**

Group B

**23.1 0.38* r 46.1 0 * 7 6  **45.123 0.49* r 56.4 0.21**
**34.1 0.74 r 45.2 0*^1 r561 0.59 r 66.34 0.19**

0 . 6 8 r 46.3 0*51* r56>2 0.53 r 56.234 0.19**
r 34.12 0 . 6 8 r 45.23 ^•51* r66-3 0.38 *56.1234 0.19**

*/(**) the value indicates th a t fall from to tal correlation is significant a t 5% /(l% ) level.

in g  th e  tim e  (age) o f reach in g  th e  S tage  1 (H ead  lifting ) th e  p a r tia l  co rre la tio n  
(r23 i) b e tw een  th e  S tage  2 (R olling) an d  th e  S tage 3 (S itting ) is on ly  0.16, 
w here as th e  co rre la tio n  coeffic ien t (r23) is 0.46. T he fa ll in  co rre la tio n  coeffici­
e n t from  r23 to  r231 is s ig n ifican t ( t  =  2.67). T h is show s th a t  in  effic ien t p re ­
d ic tion  of tim e  (age) of ach iev em en t o f th e  S tage  3 w e m u st k now  n o t on ly  
th e  tim e  of a t ta in m e n t o f th e  S tage 2 b u t  also th a t  o f  th e  S tage  1. F o r th e  
in fa n ts  of G roup B th e  sim ilar t re n d  is tru e .
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F o r G roup A, c o rre la tio n  coeffic ien t b e tw een  th e  S tage  3 an d  th e  S tage 4 
(r34) is s ig n ifican t, a n d  th e  p a r t ia l  co rre la tio n  coeffic ien ts fo r r 342 and  r 3412 do 
n o t  fall s ig n ifican tly  from  r 34. T herefo re , i t  m ay  be  s ta te d  th a t  th e  in fo rm atio n  
ab o u t th e  tim e  (age) o f reach in g  th e  S tage  3 is su ffic ien t fo r p red ic tin g  th e  
tim e  o f a t ta in m e n t o f  th e  S tag e  4. T h is fea tu re  is also tru e  fo r G roup B. S im ilar 
analyses show  w ith  re sp ec t to  b o th  G roup  A an d  G roup  B th a t  fo r p red ic tion  
o f th e  age o f S tage  5 (S tan d in g ) or th e  S tage  6 (W alk in g -w ith -su p p o rt) neces­
sa ry  in fo rm a tio n  a b o u t th e  ages o f a tta in in g  tw o  p reced ing  stages on ly  are 
essen tia l.

P ercen tiles in  th e  fie ld  o f m o to r d ev e lopm en t w ith  resp ec t to  tw o n u tr i ­
tio n a l g roups are  show n in  T ab le  7. A close ex a m in a tio n  o f th e  age norm s

Table 7

Percentiles for six milestones in m otor developm ent (in months) of the infants from birth  to
twelve months by nutritional group

Milestone
(Stage)

Nutri- 
tional - 
group

Percentiles
3 10 25 50 75 90 97

1 Head-lifting A 1.13 1.52 2.10 2.48 2.85 3.41 3.95
B 2.00 2.10 2.64 3.24 3.63 3.87 3.98

2 Boiling A 2.03 2.18 2.51 3.05 3.66 4.11 5.37
B 3.00 3.00 3.33 4.01 4.57 4.90 5.27

3 Sitting A 4.24 5.00 5.51 6.36 7.21 7.77 8.37
B 6.00 6.19 6.88 7.77 8.67 9.50 9.99

4 Crawling A 5.48 6.59 7.52 8.35 8.95 9.63 9.97
B 8.00 8.13 8.62 9.50 10.50 11.27 11.78

5 Standing A 7.20 8.02 8.68 9.46 10.52 11.51 11.85
B 9.00 9.07 9.77 10.63 11.35 11.74 11.92

6 W alking-with-support A 7.56 8.22 8.85 9.67 10.87 11.56 11.87
B 9.06 9.53 10.42 11.22 11.61 11.84 11.95

Table 8

Estim ated percentiles for th ree milestones in m otor development (in m onths) of the infants from 
b ir th  to  twelve months by nutritional group

Milestone
(Stage)

Nutri - 
tional - 
group

Percentiles
3 10 25 50 75 90 97

Sitting A 4.95 5.47 6.05 6.78 7.58 8.39 9.28
B 6.22 6.79 7.43 8.20 9.06 9.91 10.82

Standing A 7.83 8.46 9.15 9.99 10.90 11.79 12.74
B 9.32 9.99 10.70 11.57 12.60 13.40 14.35

W  alking-with-support A 8.08 8.70 9.38 10.20 11.09 11.96 12.88
B 10.07 10.60 11.17 11.84 12.55 13.22 13.92
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Fig. 1. Percentile curves for three standard  developm ental milestones of sitting , standing, and 
w alking-w ith-support by nutritional group

(m edians) fo r th e  dev e lo p m en ta l s tag es  reveals t h a t  th e  in fa n ts  o f  G roup A 
reach ed  each one of six stages of d ev e lo p m en t earlier th a n  th o se  o f  G roup B. 
As a m a t te r  o f fac t, ex cep t fo r th e  S tage  1 (H ead-lifting ), in  th e  rem ain ing  
cases (S tages 2 to  6) th e  in fa n ts  o f  G roup  B lagged b eh in d  th o se  o f  G roup A 
b y  m ore th a n  one m o n th  to  reach  a s tag e  concerned. O n ap p ly in g  M edian 
te s t  (S iegel  1956) th e  d ifferences in  tim e  (age) o f a tta in in g  th e  stages like 
S ittin g , S tand ing , an d  W a lk in g -w ith -su p p o rt are  found  to  be h ig h ly  sign if­
ic a n t. T he values o f te s t  s ta tis t ic  w ith  1 d.f.) fo r th e  th re e  stages a re  as 
follow s: a) S ittin g  =  23.55; b) S ta n d in g  =  10.11 an d  c) W alk in g -w ith -su p ­
p o r t  =  27.62. This confirm s th a t  th e  tw o  in d ep en d en t g roups (A  an d  B) do 
d iffer in  cen tra l tendencies.

T h e  e s tim a ted  percen tiles fo r th re e  m o to r skills, n am ely , s ittin g , s tan d in g  
an d  w a lk in g -w ith -su p p o rt b y  n u tr i t io n a l  group h av e  been  p re sen ted  in  T ab le  
8 a n d  in  Fig. 1.

T h a t  n u tr itio n a l s ta tu s  has a  sign ifican t role in  d irec tin g  th e  tem po  of 
acce lera tion  or re ta rd a tio n  in  m o to r  deve lopm en t is th u s  con firm ed  from  th e  
s tu d y . B u t one p o in t is n o te d  especia lly  here  th a t  th e  re la tio n sh ip  betw een  
ill n o u rish m en t and  re ta rd e d  d ev e lo p m en t is n o t depended  u p o n  food alone.

Discussion

In fo rm a tio n  ab o u t precise d a te  o f b ir th  o f each  in fa n t fac ilita te s  g rea tly  
th e  ta s k  o f de te rm in in g  a c c u ra te  age o f ach ievem en t o f th e  m o to r skills in  th e  
f i r s t  y e a r  o f life. A nalysis o f th e  d a ta  confirm  th a t  (i) th e  sequence o f develop­
m e n t is sam e for all in fa n ts , (ii) th e  r a te  of d evelopm en t v a rie s  no ticeab ly , 
an d  (iii) d irec tio n  o f  d ev e lo p m en t is cephalocaudal. These fac ts  conform  
w ell w ith  th e  general p rinc ip les o f  m o to r d eve lopm en t (I llin g w o rth  1957, 
Vaughan  and  McK ay  1975).

In  d iffe ren t p a r ts  of In d ia  lo n g itu d in a l s tud ies on in fa n t’s m o to r develop­
m e n t h av e  a lread y  been  ca rried  o u t to  assess th e  age norm s o f d evelopm en t 
on th e  basis o f som e s ta n d a rd  te s ts  (P athak 1969, P atel a n d  K aul 1971, 
K anodh  e t al. 1971, D as an d  Sharma 1973, B h andari an d  Ghosh 1979).
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B u t, th e  o b jec tives o f  th e se  s tu d ie s  are  d iffe ren t from  w h a t h as  been  s ta te d  
fo r th e  p re se n t s tu d y .

F ro m  th e  prev ious s tud ies on th e  In d ia n  bab ies th e  degree of co rre la tio n  
be tw een  th e  ages b y  w hich  in fa n ts  reach  de fin ite  stages of m o to r  developm ent 
can  h a rd ly  be know n. M oreover, none of th e se  stud ies is he lp fu l to  d iscern  
th e  effect o f n u tr i t io n a l fac to rs  on m o to r d ev e lo p m en t o f th e  in fa n ts .

In  a s tu d y  Sohi an d  D ayal (1974) are re p o rte d  to  h av e  fo u n d  sex d iffer­
ences in  d eve lopm en t o f fu n c tio n a l m a tu r i ty  in  m a tu re  an d  p re m a tu re  in fa n ts . 
N ow  th e  v e ry  d ich o to m y  o f th e  in fa n ts  b esp eak  o f th e ir  d iffe ren tia l b ir th  
w eigh t an d  n u tr i t io n a l cond itio n . T h a t d iffe ren tia l b ir th  w eig h t can  affect 
th e  r a te  o f m o to r d eve lopm en t in  in fa n ts  is a lread y  know n (P oti an d  B isw as 
1963) an d  th is  m ay  ex p la in  th e  fin d in g  o f Sohi an d  D ayal  (1974).

T he s tu d y  has show n th a t  th e  in fa n ts  w ith  ad eq u a te  n u tr i t io u s  w eaning  
food (low s ta rc h  b u t  h ig h  p ro te in ) do achieve six  stages of m o to r deve lopm en t 
s ig n ifican tly  earlier th a n  th e ir  c o u n te rp a r ts  h av in g  poorer, in a d e q u a te  n o u rish ­
ing  d ie ts  (high s ta rc h  b u t  low p ro te in ) a fte r  w ean ing . This is v e ry  tru e  p a r t ic ­
u la rly  w ith  re sp ec t to  th e  stages o f S tan d in g  a n d  W alk in g -w ith -su p p o rt. O ur 
find ings do n o t, of course, ta lly  w ith  Poti an d  B iswas who stu d ied  on ly  tw o 
m o to r skills (s ittin g  a n d  stan d in g ). A gain , we h av e  found  th a t  d ifferences m  
m ean  log tim e  of a tta in m e n t o f  th e  m o to r ab ilities  be tw een  th e  in fa n ts  of 
h ig h er an d  low er n u tr i t io n a l s ta tu s  groups a re  h igh ly  sig n ifican t. T he s tu d y  
also estab lishes sign ifican t difference in  th e  p a t te rn  of age progression  in  th e  
m a tu rin g  o f th e  m o to r skills b y  n u tr i t io n a l s ta tu s .

W e h a v e  seen th a t  th e  degree o f  co rre la tion  b e tw een  a n y  tw o  stages of 
m o to r d ev e lopm en t is genera lly  h igh  and  s ign ifican t. T hou g h  o u r resu lts  fin d  
general su p p o rt from  W olanski an d  Zdansica-B rincken  (1973), y e t in  a few  
cases we are a t  v a rian ce  w ith  th e m .

R eg ard in g  th e  q u estio n  of p red ic tio n  of fu tu re  d ev e lopm en t o f th e  m o to r 
skills in  question  th e  p re sen t s tu d y  ind ica tes  t h a t  in  effic ien t p red ic tio n  o f 
th e  age o f reach ing  th e  stage  o f S ittin g , S tan d in g  or W alk in g -w ith -su p p o rt 
i t  is su ffic ien t to  know  th e  ages o f  a tta in in g  th e  im m ed ia te  tw o  p reced ing  
stages o f th e  m o to r sk ill concerned , b u t  in  case of C raw ling w e m u st h av e  
in fo rm a tio n  of th e  age o f S ittin g  on ly .

T he p re se n t s tu d y  also helps to  le a rn  th a t  th e  in fa n ts  w ith  h igher n u t r i ­
tio n a l s ta tu s  are  alw ays ahead  o f  th e ir  peers w ith  low er n u tr i t io n a l s ta tu s  in  
m o to r developm en t. T h u s, i t  m a y  be  suggested  here  th a t  n u tr i t io n a l fac to rs  
in  co n ju n c tio n  w ith  v a ry in g  socio-econom ic forces do a c t as im p o r ta n t  ’m od i­
fie rs’ o f sensorim otor d ev e lo p m en ta l p o te n tia l in  th e  grow ing in fan ts .

T he p re se n t s tu d y  h as  lim ita tio n s . W e h a d  n e ith e r  scope n o r  ex pertise  to  
u n d e rta k e  an y  neuro logical e x am in a tio n  for an  ev a lu a tio n  o f  n eu ra l m ech a­
n ism s w hich  underlies sen so rim o to r deve lopm en t. R a th e r , we h av e  c o n cen tra ted  
on th e  d a ta  re la ted  to  th e  u lt im a te  ach ievem en t-level of th e  m o to r  skills.
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B EN G ÁLI CSECSEMŐK MOTOROS FE JL Ő D É S E  
A TÁPLÁLKOZÁS FÜ G G VÉNY ÉBEN  AZ ELSŐ É LE TÉV B EN

ír ta : Pakrasi, K .— Bandyopadhyay , S.— Sil , S.— Ba n e r je e , J .— Ba n e r je e , A. R.

Összefoglalás

Bengáli származású 199 egészséges csecsemő (106 fiú  és 93 leány) nagy-mozgásos fejlődését 
tanulm ányozták  táplálkozási viszonyaik függvényében. A helyesen táp lá lt, gazdag fehérje- és 
v itam in tarta lm ú tápláléko t k ap o tt gyerm ekek szignifikánsan korábban  érték  el az elvárható 
motoros ügyességet fejemelésben, átfordulásban, ülésben, m ászásban, állásban vagy járásban , 
m int azok a kortársaik , akik nem  megfelelő (szénhidrátdús) táp lá léko t kap tak . H a t fejlődési 
fokozat időbeli elérése közötti szignifikáns korrelációkat tanulm ányozták . M egállapították, 
hogy az ülés-, az állás- vagy a járás-fokozat elérési idejének eredm ényes előrebecslésére elegendő 
ismerni e három  m otoros képesség valam elyikének k é t előző fokozatát, de a m ászás-életkor 
becsléséhez ismerni kell az ülés-fokozat é letkort is.

(Received 26 Ju ly  1984)
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