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BERT TOUWEN 

NEUROLOGICAL DEVELOPMENT 

IN INFANCY 



ERRATA 

Page 73 footnote: am grateful . . .• read: I am grateful . . .  

Page 26 Group IV: A group of Items which did not show . .  

read: A group of Items which did show . . . 

Page 34 Fifth line from above, table XI and XIII; read: table XII and XIV 

Page 35 Third line from below, table XI and XIII; read: table XII and XIV 

Page 37 Nlneth line from below, 4 read 3 

Page 38 First line above, 2 read 7 
Seventh and eighth line from above, table X and XII; 
read: table XI and XIII 

Page 44 Sixth line from above, 2 and 4, read 7 and 3 

Page 49 and 51 Exchange figures 70 and 7 7 

Page 49 Seventh line from above, 10, 31 and 21, read 70, 34 and 24 

Page 6 7 Heading: Recording: 2. wriggling . . ., read 1. wriggling . . . 

Page 78 Table VII: first changes of standing up and of other Items; 

read: first changes of standing up and final changes of other Items .. . 

Page 88 First line, ... final first changes ... ; read: final and first changes .. . 
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STELLINGEN 

BD de extrapolatie van neurologische verschUnselen en hun 

betekenis bD het zich ontwikkelende kind naar de volwassene 

en omgekeerd wordt ten onrechte kwalitatieve identiteit 

van het kinderiUke en volwassen zenuwstelsel ge"impliceerd. 

11 LeeftUdsnormen voor de kinderiUke funktie-ontwikkeling 

zUn slechts in beperkte mate bruikbaar voor- de diagnostiek 

van hersenaandoeningen. 

Ill lnconsistentie gedurende de ontwikkeling van de motoriek 

is een karakteristieke eigenschap van het gezonde zenuw

stelsel. 

IV De vraagstelling: ,Veroorzaakt ondervoeding stoornissen in 

de ontwikkeling van het centrale zenuwstelsel?" gaat voorbU 

aan interacties tussen een toestand van ondervoeding en 

direct en indirect daarmee samenhangende andere 

omgevingsfaktoren. De vraagstelling dient dan ook te luiden: 

,Draagt ondervoeding bU tot het ontstaan van stoornissen 

in de ontwikkeling van het centrale zenuwstelsel?" 

V Het instellen van fysiotherapeutische behandeling van 

motorische stoornissen dient niet te wachten tot een 

specifieke diagnose volgens een der klassifikaties van 

cerebrale paresen gesteld of uitgesloten is. 

VI Gedurende de eerste levensjaren is er geen wezeniUk 

verschil tussen fysiotherapie, ergotherapie en logopedie. 

De opleidingen van fysiotherapeuten, ergotherapeuten en 

logopedisten dient hieraan te zUn aangepast. 

VII Zolang er geen deugdeiUke internationale overeenstemming 

bestaat over de definitie van hypoglycaemie in de zuigelingen

periode, is naonderzoek naar de gevolgen van hypogly

caemie in de eerste levensdagen zinloos. 



VIII De door Raine voorgestelde glycine-medicatie bU de 

behandeling van een prolinemie type 11 heeft als bezwaar 

dat vooral in het pasgeborene-tUdperk de verhoogde 

concentratie van glycine in de weefsels een schadeiUke 

bUwerking kan hebben. 

IX BU het stellen van de indicatie tot partus arte praematurus 

dienen intra- en extra-uterine risico's zorgvuldig tegenover 

elkaar te warden afgewogen. Vooral de laatste plegen te 

warden onderschat. 

X Voor de beoordeling van de funktie ontwikkeling van een 

prematuur geborene dient diens kalenderleeftUd gecorrigeerd 

te warden voor de duur van de zwangerschap. 

XI Het verschUnsel dat Nederland aan de top staat van de 

Europese landen wat betreft het jaariUks aantal kinder

slachtoffers van het verkeer, dient o.m. de arts te stimuleren 

tot een aktieve houding ten aanzien van de nog steeds toe

nemende verkeersproblematiek. 

XII Aan de omgang met patienten en de stervensbegeleiding 

wordt tUdens de opleiding tot arts en tot specialist te 

weinig aandacht besteed. 

XIII De ambivalentie van vooral de oudere Engelse literatuur

kritiek ten aanzien van Joseph Conrad is ten dele te 

verklaren uit diens positie van Engels schrUvende 

niet-Engelsman. 

XIV De arts dient zich met polemologie bezig te houden. 

XV lronie is de enige mogeiUkheid tot overleven. 

Stellingen behorende bU het proefschrift van B. C. L. Touwen. 
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lama is la nature ne no us livrerait ses secrets; elle n' avait pas de secrets; 

c' est no us qui inventions des questions, et qui fac;onnions en suite des 

n§ponses: et jamais nous ne decouvrions au fond de nos comues que 

nos propres pensees; ces pensees pouvaient au cours des siec/es se 

multiplier, se comp/iquer, former des systemes de plus en plus vastes et 

subtils, jamais el/es ne m' arracheraient a moi-meme. 

(Simone de Beauvoir, 1946) 
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Chapter I Introduction 

I n  the l ast few decades a periodi ca l  eva l uat ion of the condit ion of i nfants 
has become customary. Besides genera l  ped iatric supervis ion  and advice 
con cern i ng  feed i ng-qua l ity and -schedu le, a lso the condit ion of the ner
vous  system h as g radua l ly become a focus of i nterest. Th is  has been 
stimu l ated by several c l i n i cians and physiotherapi sts who stated that 
early d i agnos is  of a deviant neu ro log ica l  deve lopment often m i n imal izes 
i nval i dation  at o lder  ages, because of t imely treatment and parent
counsel i ng .  

Early d i agnos is  p resupposes a neu ro log ica l  e.l(am inat ion-techn ique ,  
wh i ch enab les the exam iner  to p ronounce upon the i ntegrity of the ner
vous system. As fo r such a techn ique  the exam iner m ust take i nto 
regard the specif ic p roperties of the i nfanti l e  nervous system , and the 
techn ique shou l d  be  based on knowledge of the neura l  mechan isms 
underlyi ng  the man ifestat ions of nervous activity. I n  th is  respect a 
d ist inct ion shou ld  be made between the neonatal period and subsequent 
i nfancy, b ecause much work has been done to i l l um i nate the neuro logy 
of the former, wh i l e  our  knowledge of the neuro logy of subsequent i n 
fan cy i s  cons iderab ly sma l l er. 

Among the very fi rst who pa id attent ion to the newborn i nfant from a 
neu ro log ica l  po int of view was Andn3-Thomas.  After a who le  l ifet ime 
spent on adu l t  neuro logy, he  turned to the newborn i nfant at an age,  at 
wh ich the m ajority of peop le  reti re. 
Because a l l  h i s  l ife he h ad worked with adu l t  neuro logica l  patients, i t  i s  
not surp ri s i ng  that h i s  approach to  newborn i nfants was  strongly affec
ted by h i s  concepts of the adu l t  nervous  system . H i s  work was of g reat 
val ue because it stressed the necessity of payi n g  attention to the up  
t i l l  t hen  rather neg lected fie ld  of  neonatal neuro logy (Andre-Thomas and  
St. Anne Dargassi es, 1 952) . 

G radua l ly it became c lear  that i n  deal i ng  with an i nfant's nervous  system 
knowledge of adu l t  neu ro logy was not suffi c ient. Thi s  i s  the reason why 
Prechtl based his extens ive work on an ontogenet ic concept, g ivi n g  
fu l l  cred it t o  t h e  specif ic p ropert ies o f  t h e  i nfant 's  nervous system (see 
eg. Prechtl , 1 956, 1 960; Prechtl and Bei ntema ,  1 964) . His work i nduced 
h im  to design a neu ro log ica l  examinat ion techn ique for the fu l l term 
newborn i nfant, and it stimu l ated fu rther research on i nfancy and ch i ld
hood ,  now cal led developmenta l neuro logy. Schu lte's approach to nee
natal neuro logy o ri g inated i n  neuro-phys io logy, espec ia l ly that of the 
sp ina l  cord, as i s  refl ected i n  h is chapter on the n eu ro log ica l  develop
m ent of the neonate i n  " Scientifi c Fou ndati ons of Paediatrics" (Davis 
and Dabb i ng ,  1 974) . 

Contrary to the extensive knowledge concern i ng  the newborn i nfant, 
m uch l ess is known about the neural m echan isms and thei r deve lopmen
ta l  cou rse throughout i nfancy, a lthough Peiper ( 1 961 ) was able to com-
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TABLE I 

Some studies of i nfantile responses publ ished after 1950 
Babki n ,  P. S. (1 960) Foot so le response 
Brai n ,  R .  and Wi lkinson ,  M .  ( 1 959) Foot so le response 
D ietri ch ,  H .  F .  (1 957) Foot so le response 
Ho lt, K.  S .  ( 1 961 ) Foot so le  response 
l ngram ,  T. T. S. (1 962) Feed i ng  reflexes 
Lamote de Gri gnon ,  C. ( 1 955) Moro 
L inden ,  J. ( 1 969) P lantar grasp 
MacKeith , R .  C.  ( 1 964) Stepp i ng  m ovements 
MacKeith , R .  C. (1 964) Pl aci ng  react ions 
M itchel l ,  R .  G.  ( 1 960) Moro 
M itche l l ,  R. G. ( 1 962) Landau 
Pa ine ,  R .  S . ,  Brazelton ,  T. B. ,  
Donovan ,  D .  E . ,  D rorbaugh ,  J .  E . ,  
Hubbe l l ,  J .  P. and Sears ,  E.  M.  ( 1 964) Postu ra l react ions 
Pa ine, R .  S .  (1 963) 
Parmelee J r. ,  A. M. (1 964) 
Poeck, K. ( 1 968) 
Prechtl , H .  F. R. ( 1 958) 
Twitchel l ,  Th . E. ( 1 970) 
Vasse l la ,  F. , and Karl sson ,  B.  ( 1 962) 
Wolff, P. H. ( 1 968) 
Zape l la ,  M. ( 1 966) 
Zape l la ,  M. ( 1 967) 
Zel azo, Ph. R . ,  Zelazo, N. A. 
and Ko lb ,  S. ( 1 972) 

Postural react ions 
Moro 
Pa lmar  g rasp 
Feed ing  refl exes 
Palmar  grasp 
Asymmetri c ton ic  neclc refl ex 
Sucki ng  
Pl aci ng react ions 
Pl aci ng  react ions and p lantar grasp 

Stepp ing  movements 

pound a substantia l  vo lume on the development of the nervous system 
i n  i nfancy. 
Th is  val uab le  work conta ins  a genera l survey of the l i tteratu re ti l l  about 
1 960, b ut it cons ists ma in ly of an encyclopedic co l l ect ion of s i ng le  neu
ro log ica l  items .  As the tit l e of h i s  book shows, ("Die  E igenart der k ind
l ichen H i rntat igkeit") Peiper cons idered the i nfanti l e  bra in  thorough ly 
d ifferent from the adult  bra i n ,  but in h i s  book he on ly records a co l l ec
t ion of i nfanti l e  react ions and responses. 

The book l acks a crit ical eva luat ion and fo rmu lat ion of a methodo log ica l  
concept. lt is ,  therefo re, not surp ris i ng  th at Peiper d id  not bel i eve i n  the 
possi b i l ity of a c l i n ica l  neuro log ica l  assessment of the i nfant (persona l 
commun ication to Prechtl , 1 957). Although a carefu l report of various 
stud ies is  g iven i n  h i s  book ,  l i ttl e  attenti on i s  pa id to  such issues as 
un iformi ty of  defi n it ion ,  and standard ization  and operationa l i zati on  of  the 
methods.  Thus it is  very d iffi cu lt  for the reader to compare the resu lts of 
the various stud ies .  Fu rthermore, comp ari son with fi nd i ngs of more re
cent stud ies, such as l i sted i n  tab le  I ,  is comp l i cated by the d ifferences 
in reari ng  attitudes consequent to d ifferences i n  ideas of consecutive 
generations of parents and examiners. 

1 0  



Such a generation-effect may i nf luence feed i ng-methods and -contents, 
health-care in genera l  and modes of tra i n i ng  and reari ng  duri ng  infancy, r 
as i s  strik i ng ly evident i n  the case of, fo r i nstance, prematures. The ef
fect of such d i fferences on the man i festat ions of nervous development 
i s  u nknown. As for the stud ies l i sted i n  tab le  I ,  operationa l i zation ,  and 
standardi zation of techn ique and recordi ng ,  as wel l as cri teri a  for sam
p l i n g  of the subjects and defi n i tions  of the responses, a re du ly repor
ted i n  the majority of cases. Nevertheless defi n it ions and p rocedures 
often vary widely, which hampers comparison .  
L ike Peiper, McGraw (1 943) was i nterested i n  the deve lopment of ner
vous funct ions ,  whi ch she ca l l ed " neuromuscu lar maturation" .  Wh i l e  
Peiper restricted h imself t o  co l l ecti ng  items without b u i l d i n g  up  a spe
cif ic frame of reference, McG raw started from a d i fferent ang le. 
She co l lected l ong itud inal data on the maturation of a set of motor items ,  
such  as posture and locomot ion ,  and responses such  as g raspi n g  and 
mororeactions .  She then tried to  exp la in  the various and consecutive 
phenomena which she observed, with respect to the theoret ical  concept 
of "Cerebra l i zation"  or "Cortical i zation" .  Th is  concept i s  partly based 
on Cogh i l l 's i nd ividua l izat ion theory (1 929) , partly on the morpho log ica l  
and h i sto l og ica l  b ra in  stud ies of  Ti l ney (1 937 ,  cited by McG raw) and  
Conel (1 939, 1 941 , i dem). Her work i s  sti l l  outstand ing  i n  its exqu is ite 
observat ion and description  of ch anges occurri ng  in severa l motor 
phenomena duri ng  deve lopment. McG raw d id  not i ntend to des ign  a 
neu ro log ica l  examinat ion ,  or to po int the way to neuro log ica l  d i agnoses. 
She merely tried to comprehend the chang i ng  activity of the b ra in  
duri n g  deve lopment i n  the l i ght of the onto genet ic i deas of her t ime .  

Qui te a d ifferent approach i s  to be observed i n  the work of Gesel l ,  who 
was i nterested i n  the deve lopment of overt behaviour. He defined beha
v iour as an exp ress ion of activity of the nervous system. He  stated ex
p l i cit ly that he stud ied the deve lopment of behaviour  i n  order to arrive 
at a d iagnos is  of the developmental status of a ch i l d ,  wh ich in h i s  
op i n i on  reflected the degree of i ntegrity of t he  ch i l d's nervous  system . 
H e  i nterp reted deviant behavioura l  development i n  terms of neuro log icai 
impa i rment, i n  accordance with h i s  theory that behavioura l  development 
i s  based on i nnate m echan isms of maturation of the nervous system 
(Gesel l ,  1 954). 
Unti l to-day Gesel l 's work h as had a great i mpact on many subsequent 
workers ,  such as G riffiths (1 954), l l l i n gworth (1 966) , Bayley (1 969), Knob
loch ,  Pasam an ick and Sherard (1 966) , Frankenburg and Dodds (1 967) 
and others .  
l t  was h is g reat m erit that he showed that systemati c and accurate ob
servat ion and testin g  of i nfants y ie lds important i nformation about their  
functiona l  deve lopment. But he  d id not offer an exp l ic it  formu l at ion of 
the ways in wh ich the nervous system generates behaviour. Therefo re 
Gesel l ' s  techn ique  for "deve lopmental d iagnos is" (Gesel l and Arma
truda,  1 947) i s  not a neuro log ica l  exam inat ion i n  the strict sense. 
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A recent approach to developmental testi ng  with an imp l ic i t  eva luati on of 
the nervous system was forwarded by Zdanska-Brincken and Wolanski 
( 1 969) . They described a g raph ic  method for the eval uat ion of motor 
development, which has the merit of d isti ngu i sh i ng  g ross functiona l  
areas of development such as respectively development i n  p rone, su
p i ne and vert ical position .  However, they l im ited themselves to a mere 
descript ion of functi ona l  deve lopment. 

Summariz i ng  we may concl ude that the knowledge of the development 
of the nervous system duri ng  i nfancy is l im ited to scattered i nformation  
about s i ng le  items,  b ut that a more p rofound understand ing  o f  t he  neu
ral m echan isms duri ng  a ch i l d ' s  development, especia l ly after the new
born period ,  is sti l l  needed. 

Purpose of the present study 

To formu l ate the purpose of the study which is presented here, is as 
important as stati ng  exp l i citly what it is  not meant to be. 

Fi rstly this study reports a descriptive ana lysis  of the developmental 
course of a series of items,  such as used i n  neuro log ical and develop
mental assessment i n  infancy, especia l ly duri ng  the fi rst year of l i fe.  

Second ly an  analys is  of the changes occurri ng  i n  the functiona l  organi
zati on of the neura l  mechan isms throughout development wi l l  be forward
ed: the developmental changes wi l l  be cons idered as the vari ab les 
which may g ive i ns ight i nto the organ izati on of neura l  mechan isms .  

For th i s  purpose a g roup of low-risk infants has been selected carefu l ly. 
Low-risk i nfants were chosen in o rder to m i n imalize a possi b le  inc lus ion  
of infants with impa i red nervous systems .  I n  th is  group of infants the 
developmental course of a set of items is ana lysed, as wel l  as the p re
sence or absence of coherence. The resu lts of th is study wi l l  be useful 
for a better understand ing  of maturi ng  b ra i n  mechan isms and, at a l ater 
stage, for the des ign  of a techn ique for neuro log ica l  d iagnos is  and 
developmental testi ng  p rocedures. 

The p resent study does not pretend  to g ive norms for the neuro log ica l  
development i n  i nfancy, as the s ize and selection of the g roup of i nfants 
p recludes the use of the resu lts as normative data . Neither does it sug
gest a desi gn for the neuro log ica l  examinat ion .  lt merely p resents a se
lection of items potenti a l ly relevant for a comprehensive exam inat ion
techn ique and it i l l u strates the d ifficu lt ies and prob lems p resent i n  neu� 
ro log ica l  and developmental assessment duri ng  i n fancy. 
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Chapter 1 1  Design of the study 

In a sma l l and strictly sel ected but  extensively documented group of 
l ow-risk i nfants, a l a rge number of items of the neuro log ica l  repertory 
was assessed l ongitud i na l ly at four-weekly i nterva ls .  
D eta i l s  on the select ion-criteria of the samp le  wi l l  b e  g iven i n  chapter 
I l l , and on the exam inat ion-procedure in chapter V. The g roup cons i sted 
of 51  i nfants, 28 boys and 23 g i rl s .  

A deci si on  had to  be  made concern i ng  t he  length of t he  fol l ow-up .  Al
though it seemed attractive to use ca lendar-age as a cutting-poi nt, the 
wel l-known i nter- i nd iv idua l  variations in funct iona l  deve lopment made 
th is  criterion l ess appropri ate. Therefore it  was  decided upon to  fix on 
a developmental m i l estone ,  namely the age of walk i ng  free for at  l east 
seven paces, as the l im i t  of the fo l l ow-up .  Consequently the size of the 
g roup decreased g radua l ly  after the chrono log ica l  age of about one 
year. 

Prediction bands 

A p resentat ion of the actua l  percentages of the g roup cou l d  be  consi
dered as m i s l ead ing ,  as a g reater and more general s i gn i fi cance wou l d  
b e  attached to  such  data than i s  justif ied .  Therefore, i t  was decided to 
p resent 800/o p red iction  bands,  wh ich show al l the poss ib le  scores ob
tained by at l east 80°/o of the i nfants at the consecutive assessments. 
Beside the 80°/o pred icti o n  band ,  the fu l l  range of scores, i .e. scores 
obta ined by 1 00°/o of the i nfants, wi l l  be g iven . The p red ict ion bands 
i l l ustrate the genera l  deve lopmental cou rse of the items and the i nter
i nd ividua l  overl ap of scores occurri ng  at comparabl e  ages. The cutt in g
po int of 80o/0 was chosen arb itrari ly. For the rel atively sma l l  g roup of 
i n fants examined, this l im i t  gave scope for suffic ient d ifferenti ation .  At 
the same time the effect of extremely fast o r  s low development, as oc
curri n g  i n  some i nfants, on the variati on  of scores was m i n i m al i zed.  As 
for these in fants, a comp lete variation  range  of the scores ( i .e .  1 00°/0 
predi ction  bands) i s  added. 
I t  shou ld  be  stressed that a 80°/o pred ict ion band may not be  i dentifi ed 
with the band-width between the 1 Oth and 90th centi l es .  The p red ict ion 
bands mai n ly v isua l ize the trend of the development. They p resent the 
scores which are obta i ned by the majority of the i nfants at consecutive 
ages. The posit ion of the p red ict ion b and  on the t ime-axis i nd icates the 
t ime cou rse of the development, i ts length refl ects the rate of develop
m ent, and its width descri bes the number of scores which can be  found 
i n  the g roup of i n fants at one com parab le  age. 
Fi nally the shape of the p redict ion bands i ndi cates the developmental  
course of the items, by showi n g  the sequence in which i ndentifi ab l e  
scores may be obta i ned consecutively duri ng  t he  period  of development. 

am grateful to Prof. Dr. W. Molenaar for bringing to my attention the potential value of prediction bands. 
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Fig. 1 :  
age,months 

Type of voluntary gras pi n g :  exam ple of predict ion bands. Key for f ig .  5-20, 23-44. 
Vertical ax i s :  scor ing scale of the res ponse. 
Horizontal axi s :  number of follow-u p  exami nat ions from the neonatal per iod 
onwards. 
Below the horizontal ax is  the correspo n d i ng t ime scale in months is  drawn up .  
The  dark-shaded area re presents the  80% predictionband for th is i te m ,  i .e .  the 
scores at particular examinations obtained by at least BO% of the i nfants . The 
l ight-s·haded areas on  each side of the dark-s haded one represent the scores 
obta i ned by the rest of the i nfants ,  so that the dark-s haded and l ig ht-shaded 
areas together represent the scores obta i ned by the total grou p  of infants 
( i .e .  1 00o/o) . 

As an examp le  of a predict ion band ,  in fi g .  1 the deve lopment of the type 
of vo l untary grasp ing  is  presented.  The poss ib le  scores duri ng  the de
velopmental course are g iven verti cal ly, i n  th is  instance a seven po int 
score (the exact mean ing  of these scores is given on page 54 in the 
paragraph on the development of th is item) . 
On the horizontal axis  the number of exami nati ons is g iven ;  as the exa
m inat ions took p lace once per fou r  weeks, the number of examinations  
represent t ime graded i n  four-week interva ls. 
A t ime scale i n  months is drawn up so that one may ca lcu l ate the i n 
fant' s age .  The dark-shaded area demonstrates the 80°/0 p redict ion band ,  
wh i ch m eans that at  the exami nat ion i n  question at  l east 80°/0 of the in 
fants got  the scores i nd icated by the dark shad ing .  The l i g ht-shaded 
areas on both s ides of the 80o/0 predict ion bands g ive the fu l l  range of 
scores obta i ned by the infants at each exam inat ion . Fo r i n stance, at the 
4th examination at l east 80°/0 of the infants obtai ned a score 0 or  1 ,  as 
i nd icated by the dark shad ing .  As is c lear from the absence of l i ght 
shad ing ,  other scores were not g iven ,  which imp l i es that at th is  exami
nat ion a l l  i nfants obtai ned a score 0 or 1 .  Yet the number of infants ob
tai n i ng  a score 0 or a score 1 ,  respectively, i s  not i nd icated .  l t  is  merely 
stated that at th is examinat ion ,  at the age of about four months,  the i n 
fants may obta in  a 0 or  a 1 ,  i . e. de not grasp vo l untari ly or  have just 
started to do so. An ana logous s ituati on ari ses at the 1 2th examina
t ion ,  when a l l  the infants were found to score 3, 4, 5 or 6. At the e ighth 
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examinat ion (age about 7% months) at l east 80°/0 of the i nfants scored 
2 or  3 ,  as i s  i ndi cated by the dark-shaded area, wh i l e  the rest of the 
i n fants rnay sti l l  score 1 or  a l ready score 4, as is  i nd icated by the l i ght
shadea area. 
At the fifteenth exam inat ion (age about 1 4  months) at least 80% of the 
i nfants obta ined a score 6 ,  i .e .  the fi na l  score as defi ned for th is  item 
i n  this study, wh i l e  maxima l ly 20% of the i n fants sti l l  scored 3 ,  4 or  5.  
Fi na l ly, at the 1 8th examinat ion (age about 1 7  months) a l l  i nfants were 
found  to score 6 .  

A f ina l  remark m ust be made concern i ng  the p resentation  of the predic
tion  bands.  As the i n fants i n  study were fo l l owed-up t i l l  they walked 
without any support, the size of the g roup depended on the developmen
tal rate of th is  motor fun ction .  Consequently from the 1 2th exam inat ion 
onwards, i .e .  after about 48 weeks , the total number of i n fants decreased 
steadi ly .  The 80°/0 p redicti on  bands were calcu lated for the actual  s ize of 
the g roup at the specif ic exam inat ion ti m e, so that after one year of age 
the percentages were ca lcu lated for d i fferent numbers of i nfants . Con
sequently the shape of the bands at the end of the t ime sca le  i s  often 
rather i rregu l ar. Neverthe less it was decided not to norma l i ze the per
centages to the s ize of the ori g i na l  g roup (N = 51 ) ,  as the response of 
the items obtai ned at the age of walk i ng  without support cou l d  not be 
said to be the fi na l ,  stab le response in al l  i n stances (i n the case of e .g .  
the footso le  response). 
Moreover, the majority of the neuro log ica l  items showed their develop
mental course with i n  the fi rst year of l ife, so that the p redicti on  bands 
are l ocal ized on the t ime sca le  ma i n ly i n  the period i n  which the s ize of  
the g roup had hard ly changed.  The actual number of i n fants examined 
i s  g iven i n  figure 3 .  

I nterrelationships 

As wi l l  be reported l ater the items cou l d  be divided i nto fou r  categories; 
the criteria were : the d i fferentiation  among the i nfants, and the possibi
l ity of defi n i n g  an evi dent developmental sequence during i nfancy. An 
evident deve lopmental sequence was taken to be p resent if the fi rst de
velopmental change and the f ina l  change ( i .e .  stab i l i zati on) of the res
ponse duri ng  the per iod of study cou l d  be defined u nequ ivocal ly. 
Stab i l i zation  means either the def in ite d isappearance of a response, 
such as the pa lmar g rasp ref lex, or the p resence of a so-ca l l ed "mature" 
response such as for i nstance wa lki ng  without he lp  in the case of loco
motion as the end of the developmental cou rse. 

A fifth category was added which comprised a few items such as body 
l ength ,  sku l l  c i rcumference, sm i l i n g  and speaki ng ,  which cou l d  not be 
i nc luded i n  any of the other categori es .  
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For the items which d ifferentiated suffic iently among the infants and 
which showed a wel l  defi ned developmental sequence, four  parameters 
were estab l ished :  
a .  the age of the fi rst change of the response 
b .  the age of the fi na l  ch ange of the response 
c.  the length of the developmental course, i .e .  the amount of t ime be

tween fi rst and fina l  change, measured as the number of four-week 
intervals .  

d .  the  number of  i nconsistenc ies occu rri ng  duri ng  the  developmental 
course of the item.  I ncons istenc ies were defi ned as temporary rel ap
ses into a former developmental phase, refl ected by scores appro
pri ate to a younger age. 

For the analysis  of the development of neuro log ical  phenomena duri ng  
i nfancy, these parameters were chosen because they characteri ze each 
s ing le  item in terms of early versus l ate development, fast or  s low de
velopment and consistency of development. They enab le  the exam iner 
to determ ine whether an ear ly o r  late fi rst change l eads to an early or  
l ate stab i l i zation of a response or  react ion ,  which means that the tim e  
needed for t h e  deve lopment i s  fai rly constant, or whether, i rrespective 
of the moment of the fi rst developmental change, the moment of fi na l  
stab i l i zation  i s  more or  less fixed i n  t ime .  
lt is  a lso possi b le  to  determ ine  a poss ib le  relat ion between the length 
of t ime needed fo r the development of an item (expressed in the deve l
opmenta l range) and the occurrence of i nconsistencies duri ng  develop
ment (see fu rther chapter X I I I ) .  

Categorizat ion of the i tems accord i ng  to comparab le  i nterre lationsh ips 
between thei r parameters and i nterpretat ion of these interre lationsh ips 
m ay serve to i ncrease i ns i ght i nto the dynamics of neuro log ica l  devel
opment. Bes ide an ana lysis  of the i nterrel ati onsh ips between the four  
parameters of  each s ing le  item,  the  i nterrel ationsh ips between parame
ters of d i fferent items were ana lysed in order to exp lore the existence 
of a coherent frame i n  which the maturati on of the centra l nervous sys
tem and the functional motor development fits . 
For th is analys is  on ly  the items with an evident developmenta l sequence 
were used and the intercorre lations of each of the four  parameters 
were ca lcu lated. In th i s  way we tried to fi nd  and defi ne cl usters of items 
wh ich were comparab le  with respect to t ime of onset and end of deve l
opment, rate of development and consistency of development. Such 
cl usters, if present, may y ie ld i nformation about the p rogramm ing  of the 
bra in  duri n g  development. 
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Cha pter Ill The criteria for selection 

The criteria for se lection  of the i nfants were : 

I .  Low-risk pregnancy and delivery 

Extens ive i nformation  about p regnancy and del ivery was obtai n ed 
from the mother, and if necessary th i s  i nformation was checked with 
the doctor or  m idwife who attended h er. The i nformat ion was record
ed on a p receded form . The obstetrica l  data, obta ined fro m  the 
mother  (natura l ly data about the condit ion of the p lacenta for i nstan
ce cou l d  on ly rarely be  ga ined) were checked with the opt im al ity 
ranges as defined by Prechtl ( 1 968). An obstetrical optima l ity-sco re 
was then calcu lated by cou nt ing the number of opt ima l  obstetrical 
cond itions .  Th i s  m ethod of eva luat ion of the obstetri ca l  h istory m akes 
i t  possib l e  to quantify the cou rse of p regnancy and del ivery. 
As Prechtl ( 1 968) h as po inted out, i t  is d iffi cu l t  to define  the weight 
of obstetrical comp l i cations .  l t  i s  much easier to defi ne  an opt ima l  
range, i .e. the qua l ity of obstetrical cond i t ions wh i ch refutes any 
doubt about the i r i ntegri ty. 

Obstetric score N= 51 
p .9 

0__.__ 

35 33 
score 

Fig. 2 :  

The precentage d istri bution o f  the obstetrical optimal ity scores. 
Vertical axis: num ber of infants expressed as the percentage of the total g roup 
(N = 5 1 ) . 
H o ri zontal axis: number of o pt imal  obstetrical condit ions. 
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Moreover, Prechtl cou ld show that non-optima l  condit ions,  i .e. obste
trical conditions  outs ide the optima l  range,  which have cl i n i ca l  s ign i 
f icance on ly rarely occur  as iso l ated phenomena.  I n  the present 
study, in which cases of major or  overt obstetrical compl i cations 
were exc luded beforehand,  the obstetrica l  optima l ity-score enabl ed 
us to scrut in ize the obstetrical h i story of the i nfants. I n  appendix A 
the optima l ity rages, as defi ned by Prechtl ( 1 968) , a re g iven .  
Fig .  2 shows the percentage d istri bution  of the obstetrical opt ima l ity
scores of the group .  As can be seen ,  a l l the infants belong  to an ob
stetrical l ow-risk g roup .  

11. The low-risk neonatal neurological examination 

The neonatal neuro l og ica l  examinat ion was carried out accord i ng  to 
the method descri bed by Prechtl and Bei ntema (1 964). The neuro lo
gical fi nd ings  were compared with the criteria g iven by these authors. 
On  the bas is of these criteri a  an optima l  range was defi ned for the 
responses of the exam inat ion .  By cou nti ng  the number of opti ma l  
con dit ions,  i .e .  fi nd i ngs with i n  t he  optima l  range, a neuro log ica l  opt i
rnal i ty-score was determ ined .  
�ppendix B shows the criteria for neonatal neuro log ica l  optima l ity. 
Al l 51  infants met these criteria .  Thus  the infants of the study can be  
cons idered as  not on ly be long ing  to  an obstetrica l  low-ri sk g roup 
but a l so to a neuro log ical ly optima l  g roup with respect to the neona
ta l  examination .  

I l l .  A l l  t he  infants were selected from a homogeneous socio-economic  
cl ass, i n  order to  e l im i nate variances i n  deve lopment due to  th is  
issue as much as possi b l e. l t  i s  genera l ly understood that socio
economic  c lass does not affect the rate of development i n  i nfancy, at 
l east in Caucasian popu lat ions ,  wh i l e  it  does affect development af
ter i nfancy. (H i nd ley, 1 960, 1 96 1 ; Bayley, 1 965; Franc is-Wi l l i ams and 
Yu le, 1 967). Sti l l  d i scussions on th is  subject conti nue  (see for in
stance Knobloch and Pasaman ick, 1 963). Nel i gan and Prudham (1 969) 
i n  thei r longitudi na l  popu lation  study in Newcast le upon Tyne found  
that there was  a s ign if icant rel ationsh ip  between socio-economic  
c lass  and the  m i l estone of  walk ing  without support. 

TABLE 11 
Occupation or  vocational tra in ing of the fathers 

Academ ic  trai n i ng: doctors, chem ists, physic ists, etc.  
H i gher occupationa l  trai n i ng: arch itects , accou ntants, etc. 
Managers and bus i ness peop le  
Ch ief-agents 
Pub l i c  servants 
Techn ic ians 
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5 
4 
2 
2 
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I n  view of these fi nd i n gs it seemed advisab l e  t<P keep the parameter 
of socio-economi c  c lass constant. The socio-econom ic  c lass chosen 
was the upper-m idd le  c lass,  determ i ned by the father' s  occup ation  
(Tabl e  11). I n  th is  c lass repeated assessments cou l d  be  carried out 
without too much d ifficu l ty and i n  Ho l l and  feedi n g- and caretakin g  
attitudes cou l d  be  expected t o  be  rather homogeneous i n  th is  soci o
econom ic  c lass. 

IV. l t  was necessary that the number of boys and g i rl s  was nearly equa l .  
There are on ly few data ava i l ab l e  about the existence of d ifferences 
of developmental rate dur ing i nfancy between boys and g i rl s .  
I n  general these data po int  to  a h i gher vu l nerab i l i ty of boys compared 
with g i rl s  to d i fferent k inds of adverse cond it ions ,  wh ich m ay be  re
flected in the deve lopmental cou rse. Accord i n g  to Zachau-Ch ri st ian
sen ( 1 972) , in norma l  i nfants born at term the d i fferences in m otor 
development are very sma l l  at the age of one year. Ne l i gan  and  
Prudham (1 969) reported d ifferences for speech development on ly. 
Sm ith 's data, reana lysed by H i nd l ey (1 967) suggested that g i rl s  wa lk
ed s i gn if icantly earl ier  than  boys ; these data were ma in ly  based on  
non-caucasean popu lat ions .  Neither Bayley (1 965), nor H i nd l ey e t  a l .  
( 1 966) , nor  Franc is-Wi l l i ams  and  Yu l e  ( 1 967) found  substantia l  sex
d i fferences between boys and g i rl s  duri n g  thei r deve lopment. 
In the p resent study a l l  the i tems of the exam in at ion were checked 
on poss ib le  d ifferences in deve lopment due to sex, before the de
velopmental course was ana lysed i n  the total g roup .  To serve th is  
pu rpose care was taken that i n  the samp le  boys and  g i rl s  were re
p resented about equal ly. 

V. The i nfants were not related to each other; a l l of them were D utch 
natives, so that there are no cu ltura l  and rac ia l  i nfl uences on the de
velopment (see a lso Touwen,  1 974). 

VI. From a genera l  ped iatri c po int of view the i nfants were i nconsp ic ious 
at b i rth. In  a l l the cases a m ed ica l  exam inat ion  was carried out by 
the fam i ly doctor in  the fi rst m onth after b i rth . On ly  i f  the resul ts of 
th i s  exami n at ion p roved norma l ,  was the i nfant kept in  the g roup .  
None of the i nfants h ad to be  exc luded due to abnorma l  f in di n gs 
by the fam i ly doctor. 
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The frequency-distribut ion of the assessmentS' du ring the consecutive fou r-week 
peri ods.  
Vertical axis ,  u pper part :  number of the boys ; lower part: numher of the g i rl s .  
Horizontal axiS': n umber of fou r-week periods, each of which is  graded i n  
four  s i ng l e  wee,ks.  
During e ach fou r-wee k  period each i nfant was assessed once. Ti l l  the twel fth 
four-week pedod the tota l g roup consisted of 28 boyS' and 23 girls; from the 
twelfth fou r-week peri1od onwards the nu mber of b oys and g i rls g radually 
decreased. 



Chapter IV The fol low- u p  exa m i n ation 

The i n fants were exam ined at home i n  the i r  own envi ronment wi th  fou r
weekly i n tervals ,  i n  o rder to keep the envi ronmental cond iti on s  i ntra
i ndividua l ly as constant as possib l e. The  i nfants had amp le  t im e  to 
adjust themselves to the exam iner's p resence. The mother was p resent 
dur ing the exam inat ion .  

l t  was not possib l e  to exam ine  a l l the i nfants at strict fou r  week-i nter
vals. I n  the m ajority of cases the i n terva l between two consecutive exa
m i n ations  was fou r  weeks, b ut sometim es the i n terval was three or five 
weeks. Neverthe less a l l  ch i l d ren u nderwent an exami n at ion i n  a period  
of fou r  weeks. 
Fig .  3 s hows the frequency d istri b ution  of the exam inat ions duri ng  the 
consecutive fou r-week periods .  l t  can be  observed that boys and g i rl s  
show a s l ig ht ly _different d i str ibuti on .  T h e  m ajority o f  t h e  g i rl s  was exa
m ined duri n g  the secon d  and th i rd week of the fou r-week period  so 
that the d i stri but ions are un imoda l .  The h i stograms for the boys show 
two peaks from the s ixth fou r-week period onwards :  one at the secon d  
and one  a t  t h e  fou rth week o f  the per iod.  T h e  boys be long ing  t o  t h e  se
cond peak g roup therefore m ay appear to show a somewhat faster 
development than the other  boys and than the majority of the g i rls ,  due 
to the tim e  of exam inat ion and the m ethod of analys is ,  wh ich was b ased 
on  comp lete peri ods .  Th is  h as to be  kept in m i nd  when the resu lts with 
relation  to sex are d iscussed. 

I n  o rder to standardize the i nf lu ence of endogenous variabl es such as 
fatigue  and hunger, the i n fants were exam ined at a fixed t im e  of the day, 
i . e. at around six o 'c lock in the even ing  before feedi ng .  

I nterval com p l icat ions ,  i .e .  d i so rders duri n g  t he  period  o f  study, i f  p re
sent, were recorded and coded on a fou r  po int sca le: 0: no i l l ness o r  
d isorder;  1 :  s l i ght d isorders without fever o r  evident i nf luence on  t he  
i nfant's behaviour, such as m i l d  colds ;  2 .  d isorders accompan ied by  
fever u p  to 39° centig rade, l asti ng  for one day a t  m ost o r  accompan ied 
by feed i ng  d isturbances result i ng  i n  vom it in g  and/or d i arrhoea without 
wei ght loss; 3: serious i l l ness with fever above 39° centi g rade and/or 
l asti n g  l onger than one  day, and/or feedi n g  d ifficu lt ies resu lt i n g  i n  
weight  loss .  

Convu ls ions wou l d  h ave scored 3, b ut d id not occur. Fi g .  4 represents 
the d i stri bution  of i n terval comp l i cations  observed in the i n fants duri n g  
t h e  period  o f  study. 
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Of the total g roup of i nfants, 1 6  (about 1 /3) showed 22 i nterval com p l i
cations .  Thi s  m eans that several of the i nfants showed an i nterval com
p l i cation  more than  once. The m ajority of these i nterval com p l i cations  
cons isted of very m i ld  d isorders, such as s l i g ht colds  o r  m i ld  react ions 
to vacc inat ions (vario la ,  d i phtheri a, tetanus,  whoop i ng  cough ,  po l iomye
l it is acuta anterior; the l atter fou r, compounded in one  i njecti on ,  a re g i 
ven three t imes during the fi rst year of l ife) . On ly 3 of the i nfants, a l l  of  
them boys, suffered from more serious d isorders. One  boy h ad ch icken
pox with h i gh  fever duri ng  three days, accompan ied by extensive skin 
erupt ions,  when he  was one year of age. Another  one was hosp italized 
for an asthm ati c attack when he was 1 6  months .  The th i rd boy was hos
p ital i zed for a ski n d isease without fever when he  was about 1 1j2 year. 
None of these i nfants showed s igns  of regress ion i n  the i r  neu ro logi ca l  
deve lopment after the d isease. Although  i nterval comp l i cations  occur
red more frequently among the boys than among the gi rls ,  th is  sex 
d ifference d id  not p rove to be  statistical ly si gn ifi cant (chi-square = 1 ,8) .  

Fig .  4: 

The d i stribut ion of the i nterval compl ications d u ring  the period of study. 
Vert ical  axis: case n umbers; no's 1 -28 are the boys, no's 29-51 are the g i rls  
of the g roup. 
H o ri zontal axis: t ime scale g raded i n  four-we·ek periods. C ircles: m i l d  i nterval
compl icat ions; dots : i n terval com pl icat ions of m oderate i n tens, ity; stars: serious· 
i nte·rva.l compl icat ions.  
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Chapter V A short description of the course 
of the examination 

At each sess ion the comp lete set of items was assessed. The neonatal 
exam inat ion was carri ed out accord i ng  to the m ethod described by 
Prechtl and Bei ntema (1 964). Its resu lts served as one of the criteri a 
for the select ion of the g roup ,  as d iscussed i n  Chapter I l l .  Fo r the fo l 
l ow-up exam inations ,  however, a method had to be developed in which 
the expand i ng  repertory of the i nfanti l e  nervous system dur ing develop
m ent was taken i nto account. Consequently the number of items to be 
assessed i ncreased, but the strategy rem ained unchanged, a lso with 
respect to the sequence of the tests. A p i lot study of ten infants, which 
were omitted from the analys is  subsequently, served to develop an 
exam inat ion techn ique  which wi l l  be  described i n  th i s  chapter. 

Standardization of the behavioura l  state duri ng  the exam ination ,  wh i ch 
i s  of extreme importance for the interp retat ion of the resu lts (Prechtl 
and Bei ntema, 1 964 ; Prechtl ,  1 972) was app l i ed ri gorous ly. 
Al l the infants were assessed in the optima l  cooperative behavioura l  
state, i .e .  relaxed o r  moderately active. As  soon  as an i nfant started to 
cry the assessment was put off unt i l  the i nfant was happy and rel axed 
aga i n .  I f  necessary the examinat ion was postponed to another day. 

The exam ination  a lways started with an adaption  period dur ing which 
observat ion of spontaneous and goal-d i rected motor behaviour  was 
carri ed out. The duration of the adaption  peri od depended largely on the 
age of the i nfant b ut the observat ion lasted at l east three m i nutes. 
Duri n g  the fi rst 5-6 months most i nfants were observed in thei r cribs ,  
afterwards ma i n ly i n  the p l aypen.  After the observation ,  the i nfant was 
p ut on the dressi ng  tab l e  or  on  its m other's lap ,  dependent on its age .  
Vol u ntary grasp i n g  was then tested by means of an  ovo id  p lastic object 
(two by three by th ree cm) p resented in the m id l i ne. With i ncreas i ng  age 
the number of objects p resented was augmented. Durin g  the p resen
tat ion of the object, fac ia l  i nnervat ion and the visua l  system were exa
m ined.  A sma l l  b aby-be l l  was used to assess heari ng  and acoustica l  
o rienting .  Then the qual ity of the motor apparatus was tested, i .e .  the 
resi stance to passive m ovements, active power, and the ran ge of move
m ents, fo l lowed by the eva luat ion of responses and react ions such as 
the tendon reflexes of arm s  and l egs,  p lantar grasp, footso le  response, 
pa lmar  grasp etc. D uri ng  the examinat ion of the motor apparatus of 
trunk and neck the p resence of the asymm etric ton i c  neck reacti on  was 
assessed. Sitt ing  beh aviour, and spontaneous moti l i ty and postu re of 
head, trunk, a rm s  and l egs duri n g  sitti ng  were eva luated. Depend i ng  on 
the age of the infant, stand ing  and walk ing  were assessed. Then the 
exami ner kept the i nfant i n  vert ical suspension and observed the post
u re and m ot i l ity of the l egs. P lacing  react ions of the l egs and ,  i n  youn g  
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i n fants, automatic stepp i ng  movements and pos itive supporti ng  reactions  
were tested. After the eva l uation  of the rotation  test the i nfant was kept 
in h orizontal suspens ion and the Lan dau and  Schaltenbrandt react ions 
were assessed. 
Subsequently the i nfant was put in p rone posit ion on  the d ress ingtabl e  
o r  on  the f loor, and the moti l ity o f  h ead ,  arms a n d  l egs ,  the qua l ity of 
l ocomotion  in p rone and rol l i ng behaviour  were eva l uated.  Thereupon 
the Moro reactions  were tested and the session ended with the eva lua
t ion of rootin g  and suck in g  behaviour  and of those responses for wh ich 
the i nfant m ust be J.mdressed , such as the abdomina l  ski n reflex, the 
cremasteric ref lex and the Ga lant response. 
Length and weight of the body were m easured, as wel l  as the sku l l  
c i rcumference (fronto-occip ital m easurement) . Voca l i zation  or  speech 
was recorded as observed duri n g  the who le  course of the assessment, 
and  i nformati on about speech was asked from the mother. 

Evidently the number of items en larged i n  accordance with the i ncreas
i n g  neuro log ica l  repertory of the i nfants. Sti l l  i t  was poss ib l e  to adhere 
to the genera l  course of the procedure as described above. The duration  
of the assessment, the adaption period  i nc luded, i ncreased specifica l ly 
i n  i nfants o l der than seven or e ight months of age. At that age the ma
jority of the i nfants often developed rather strong  withdrawal reactions ,  
wh ich frequently resu lted i n  an  expans ion of the adaption  period ,  some
tim es to more than three quarters of an hour. 

The resu lts were recorded on  a precoded form duri n g  the assessment. 
I nform at ion g iven by the mother was recorded a lso,  b ut for the assess
ment of fun ctiona l  deve lopment on ly  d i rectly observed phenomen a  were 
used. 
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Chapter VI The presentation of the results 

The items of the assessment could be divided i nto five g roups accor
d i ng  to the ir  ch aracteristi cs duri ng  development: 

G roup I 
A group of items which d id  not show differenti ation  among the infants 
and which d id  not show any changes occurri n g  duri n g  the period  of 
study, such as the resistance aga inst passive movements, pup i l l ary 
react ions and react ion to sound (Tab le  I l l ) .  

Group 11 
A group of items which showed l i tt le d i fferenti ation  among the i nfants, 
and/or showed a very rap id  developmental course, such as spontaneous 
tremor, corneal reflex, stepp i ng  movements and conjugat ion of eye mo
vements (Tab le  IV). 

Group I l l  
A group of items which showed fa i r  d ifferentiat ion between the i nfants 
and which p resented a defi n ite developmental course, of wh i ch a fi rst 
change of the response and a fi na l  change (stab le ,  so-ca l led m ature 
response, o r  d isappearance of the response i n  the case of " i nfanti l e  
react ions") cou l d  be defi ned.  Examp les are items descri b i ng  t he  devel
opment of sitti ng ,  stand ing ,  walki n g, crawl i n g  etc. ,  the footso le respon
se,  the pal m ar grasp ref lex, the Moro react ions and the optical p laci ng  
react ions (Tab le  V) . 

G roup IV 
A group of items which did not show d ifferentiation  among the infants 
but, i nteri nd ivi dual ly as we l l  as intrai nd ividua l ly, showed so many in 
cons istent changes that a defi n ite developmenta l  sequence cou l d  not 
be estab l ished.  I n  th is group a l so those items are i ncl uded which d id  
not  reach thei r fi na l  change with i n  the period of the fo l l ow-up  study. 
Examp les are the spontaneous posture of head and trunk  duri ng  p rone  
suspens ion ,  t he  Landau and the  Schaltenbrandt react ion ,  the knee jerk, 
and the p l antar g rasp reflex (Tab le  VI I ) .  
The changes occurri ng  i n  the items duri ng  the fo l l ow-up  per iod wi l l  be 
described,  but they are not used for the an alys is of interrel ationsh ips ,  
as comparab le  parameters with  g roup I l l  were not ava i l ab l e. 

Fi na l ly there is a g roup of variab les which deal  with the i nfants from an  
anthropometric and ped iatric po int of view, such  as  body weight ,  l ength ,  
sku l lc i rcumference (Tab le  VI I I ) ;  a lso vari ab les whi ch may be  regarded 
as h avi ng  psychosocia l  s ign if icance such as vocal ization ,  sm i l i n g  and  
react ion towards strangers, i . e . wh ich cannot be  considered as  purely 
neu ro logi ca l  items (Tab l e  IX) . 
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The groups of items wi l l  be  d iscussed i n  the fo l lowi ng  chapters .  For 
reasons of conven ience the items are subd ivided i nto two groups: one 
cons ist in g  of items wh i ch can be observed without specifi c man ipu la
t ions being necessary ("spontaneous posture and mot i l ity") ,  the other 
cons ist in g  of " reactions and responses" , i .e. items for which m an i pu l a
tion  of the i nfant was needed. The developmental course of the s i ng le  
items wi l l  be reported, . and 80o/0 predict ion bands are p resented i f  the 
developmental range and the d ifferenti ati ng  capacity of the exam inat ion 
m ethod m ade th is  worthwh i l e . Attention  wi l l  be pa id  to the occurrence 
of i ncons istencies,  and a lso sex d ifferen ces wi l l  be dealt with . 

For the items of group I l l  ( i .e .  i tems for whi ch fi rst ch ange, f i na l  change, 
deve lopmental range  and number of i ncons istencies cou l d  cl early be 
defined) the m eans ,  standard deviat ions and coeffic ients of skewness 
and kurtos is of these parameters are presented in appendix C. As it 
m ay be  assumed that the di stributions  of the moments of fi rst and fi na l  
change, and a l so of the length of the  developmental ranges are suffi
c iently symmetri cal (cf. chapter X I I I ) ,  the measures p resented i n  Appen
d ix C can be  used to descr ibe the p arameters. 
The Pearson Product Moment corre lat ion techn i que was used for the 
com putat ion of rel ationsh ips  between the moments of fi rst and fi na l  
change and the developmental ranges ( i .e. the length of the period  be
tween fi rst and fi na l  change) to be  observed i n  s i ng le  items as wel l  as 
between d ifferent items. 
Thi s  was not done when the frequency d i stribut ion of scores was not 
fai rly symm etrica l ,  as was often the case with the number of i ncons is
tencies. Then Spearman Rank Corre lat ion Coeffic ients were computed. 

When the developmental course  of the items i s  described ,  the i n ter
rel at ionsh ips  occurri n g  i n  the s i.ng l e  items or with other items wi l l  be re
ported. The corre l at ion-coeffic ients of corre lat ions with p < 0,01 are 
summarized i n  append ices . Appendix D summarizes the corre lat ion
coeffic ients of the rel ationsh ips between "fi rst change" and "fi na l  
change" of items ;  appendix E p resents the corre lat ion-coeffic ients of the 
i nterrel ationsh ips  of  "fi rst changes" , append ix F and G present the cor
rel at ion-coeffic ients of the " fi nal changes" and "developmental ranges" 
respectively. 
In the d iscuss ion  of the items attent ion  wi l l  be pa id  to relevant data ob
tained by other authors .  An extensive d iscuss ion of the l iteratu re ava i l 
ab le  i s  not p resented i n  the case  of a l l the items ,  as the p resent study 
does not p retend to be  a comprehensive survey of the l i teratu re about 
i nfant i l e  development. 
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Chapter VI I G roup 1 :  Items which d id  not s how 
differentiation among the infants 

I n  th is  chapter the items wi l l  be d iscussed which rema i ned constant 
throughout the who le  fo l l ow-up period (Tab le  I l l) .  

TABLE I l l  

Items which did not show d ifferentiation among t h e  i nfants (group I )  

Facia l  i n nervation  
Pup i l s  - shape 

- react ion to l i ght 
Optical b l i nk  
Acoust ical  b l i nk  
Reaction  to  sound 
Musc le tone - res istance agai nst passive movements 

- active power 
- range of movements 

Head contro l 
Abdom ina l  sk in reflex 
Cremasteric refl ex 
Withdrawal react ion 

Facial innervation 

All  i nfants showed a symm etrical facia l  muscu l atu re from b i rth onwards .  
Fac ia l  expressivity i ncreased after the fi rst weeks, but a standard ized 
descriptio n  was not endeavoured. 

Pupils 

In al l  the i nfants the shape of the pup i l s  was round ;  this did not change 
duri n g  the period  of study. I n  a l l the i nstances the d i rect and  i ndi rect 
react ions to l i ght were pos itive and d id  not change.  

Optical b l ink 

This response was e l i cited accord i ng  to Prechtl and Bei ntema (1 964). 
I n  a l l  the i nfants it was p resent and  d i d  not change, p rovided that the 
l ight stimu lus  was of suffic ient i ntens i ty. 

Acoustical bl ink 

E l icitat ion accord i ng  to Prechtl and Beintema ( 1 964). In the newbo rn 
period  a l l  the i nfants had a positive acoustical b l i nk  to hand c l ap .  Pro
vided they were exam ined in a qu iet envi ron ment, the response re
m ained positive duri n g  the who le  period of study. 
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Reaction  to sound 
For th i s  response a sma l l  baby be l l  was used. Al l the baby's reactio ns ,  
for i n stance changes in mot i l ity, changes in  fac ia l  expression ,  gazi ng  or 
b l i nking ,  were cons idered as a pos itive reaction .  A l l  the i n fants showed 
a pos itive response from the newborn period o nwards .  This i s  in accor
dance with the report of Chun ,  et a l .  ( 1 960) ; sti l l  the i r op i n i on  that the 
acoust ical  b l i nk  was hard ly ever found  after the age of 5 months cou l d  
no t  be confi rm ed .  

Muscle tone 
Three aspects were assessed accord i ng  to the techn ique  described by 
Prechtl and Be intem a  ( 1 964) : resi stance aga inst passive m ovements, 
act ive power, range  of movements. 

The resistance against passive movements was assessed excl us ively 
in state 3 (for the operationa l  defin it ion of states see Prechtl and Be in
tem a  (1 964)). 
In state 3 the i nfant is awake, comp letely rel axed, and not actively mov
i ng .  When there was no  noticeab l e  myotat ic  reflex-activity resi stance 
agai nst passive movements was comparab l e  for flexor and extensor 
m-usc les and d i d  not d ifferenti ate among i n fants nor  were evident chan
ges of its qua l ity found  at the consecutive exam inations .  
As the i nfants were awake duri n g  the assessment, the hand l i ng  of the ir  
arms and l egs d i d  not  fai l to activate them, so that in  m any cases state 
3 was not ma i nta ined.  
Du ri n g  activity the res istance i n  the f lexor m usc les of arms and l egs was 
found  to be h igher than the res istance in the extensor musc les .  Th i s  
d ifference between f lexors and extensors i ncreased dur ing t h e  fi rst two 
o r  three m onths ;  it seemed l argely due to res istance agai nst active mo
vements. 
With the techn ique  used i t  was impossib l e  to quantify d ifferences be
tween resistance agai nst passive and agai n st active m ovements. I n  the 
p resent group  no  evi dent d ifferences were found  between the consecu
t ive assessments wh ich cou l d  be  attrib uted to p roperties of m usc le ten
s ion  i n  state 3 .  An evident decrease of resistance at  o l der  ages  seemed 
to reflect the i n fants' capab i l ity of vo l untary relaxat ion duri n g  state 4. 
N o  evidence was found  for the often reported, so-ca l l ed " p hysi o lo gica l" 
fl exor hyperton i a  of early i nfancy (And re-Thomas and  St. Anne Dargas
s ies, 1 952) or  "e last ic  hyperton i a" (Wi l l emse, 1 973) , as l o ng  as the 
behav ioura l  state of the i nfants was duly contro l l ed .  I t  shou ld  also be 
kept in m i n d  that traditi onal ly the term " hyperton ia"  i m p l i es a patho log i
cal cond it ion and consequently cann ot be  app l i ed in  norma l  i nfants. 

The res istance aga inst active m ovements, wh i ch refl ects active muscle 
power, i ncreased with age but cou l d  not adequately be operat iona l i sed, 
due to the rap id ly i n creasi n g  d i fferentiatio n  of musc le  activity and mus
c le  t issue duri ng  i n fancy. Evident decrease or l ack of active m uscle 
power was not found  i n  any of the i nfants. 

29 



Presumab ly the d i fference between f lexor and extensor muscle-activity 
duri ng  the fi rst months of l ife refl ects a domi nance of the neura l  me
chan isms for f lexor muscle-activity as wel l  as the d ifference i n  bu lk  
of  the f lexors and extensors .  

The range of movements of the· jo i nts showed a certai n  degree of vari a
t ion ,  intra- as we l l  as i nter- ind ivi dua l ly ;  however, th is seemed to depend 
largely on  the i nd iv idua l  characteri sticts of the baby. 
Duri n g  the p i lot study measurements of ang les between jo i nts were car
ried out but the resu l ts appeared to be i ncons istent at consecutive as
sessments, so that they were d isconti nued. The arous ing  effect of such 
measurements may have been l a rgely respons ib le  fo r these i ncons isten
cies. Consistent changes in the range of movements were not found .  

Head control 
Headcontro l in sitt ing pos it ion was exam ined accord i ng  to Prechtl and 
Bei ntema (1 964). I n  the newborn period a l l  the infants were ab le to ba
lance thei r heads fo r more than 3 seconds and thus obta i ned an opti m al 
score .  Th is  cou ld  be observed duri ng  a l l  the consecutive examinati ons .  
Adequate head contro l duri ng  s itti ng  pos it ion can be cons idered as evi
dence for a good i nterp l ay of afferent vestibu l ar and neck-propriocep
tive and efferent muscle power activit ies. The amount of s l i ght swayi n g  
movements wh i ch accompan ied the mai ntenance o f  the head ba l ance 
durin g  the fi rst months,  was not appreci ated . 

The abdominal skin reflex 
Th i s  reflex was p resent from b i rth onwards.  However, the chances of a 
p roper e l icitation  varied i n  the newborn period and at subsequent ages. 
I n  newborns e l i citation  of the refl ex was easiest i n  state 3. When the 
i nfant became active it  was often d ifficu l t  to el ic it  the response.  From 
the secon d  exam inati on onwards a lso in moderately active infants the 
response cou l d  eas i ly be el i cited. The fi nd i ng  of Harlem and Lonnum 
( 1 957) that i n  newborns the .  response i s  more extensive than  i n  adu lts 
was confi rmed. Th is. was a lso the case in o l der i nfants. The mean ing  of 
th i s  p henomenon is not c lear. On the one hand the i nfant's sma l ler vo
l ume  a l l ows for an i ncreased effect of muscle contract ions ,  on the other 
hand there i s  such vari ab i l ity in abdomina l  sk in responses in adu lts as 
to make concl us ions un re l i ab le. Moreover, the i nfant i n  genera l  appears 
to be more "t ickl ish" than the adu lt. 

The cremasteric reflex 
Al l  the boys had a wel l developed scrotum and descended testic les at 
b i rth .  In a l l of them the cremasteri c  refl ex turned out to be p resent from 
b i rth onwards .  

The withdrawal reaction 
Al l  the infants reacted to a gentle p i nprick on  the footso le  wi th a vi go
rous withdrawal react ion of the foot and leg .  Th is  react ion did not show 
any changes from b i rth to walki ng  free. 

30 



Comment 
lt was found  that the items of this g roup did not show any substant ia l  
changes throughout the deve lopmental period as defi ned i n  th is  study. 
Th is  imp l i es that the ir  neura l  m echan isms are ful ly estab l ished at l east 
at b i rth . From a deve lopmental po i nt of vi ew these neura l  mechan isms 
can be  sa id to be of p ri mary importance. They form the bas is o n  wh ich 
further funct iona l  deve lopment rel i es .  The nervous  system must b e  abl e  
t o  generate adequate m uscle tens ion  i n  o rder t o  make a l l  k inds o f  motor 
behaviour  poss ib le. Sim i larly m echan isms for v isua l  and acoust ical  m e
d iat ion are a p rerequ is ite for the development of d ifferent iated v isual 
and  acoustical funct ions ,  such as for i n stance v isuomotor ab i l i ti es or  
adequate l oca l i sation  of  the sources of sounds .  Theoreti cal ly it  can be  
argued that an impa i rm ent o f  these m echan isms destroys o r  l a rgely 
hampers the poss ib i l ity of adequate functi onal deve lopment. Conse
quently it is evident that these items are of g reat s ign ificance for a 
neuro log ica l  d iagnostic p rocedu re .  Moreover, if the neu ra l  m echani sms 
u nderlyin g  these items are of such  bas ic  val ue for the funct io nal devel
opment, it may be  assumed that i n  cases of d i sturbances resu lt i n g  from 
i mpa i rm ent of these m echan isms p roper treatment wi l l  be rather d ifficu lt .  
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Chapter VI I I  Gro u p  1 1 :  lte,ms which showed l ittle 
differentiation and/ or a rapid 
developmental course 

I n  th i s  chapter those items wi l l  be d iscussed which showed a very rap id  
developmental cou rse and d isp layed h ard ly any interi n dividua l  d i fferen
ces. In the p resent study with four-weekly exam inations an item was 
est imated to show a rap id  developmental cou rse i f  it lasted for a period 
of on ly 3-4 fou r-week i nterva ls  i n  more than 80°/0 of the i nfants. 
More accurate i nformation about the developmental cou rse of these 
items wou l d  requ i re l ongitud ina l  exam inations at shorter interva ls .  With 
the inter-examinat ion- interva l s  of four  weeks apprec iab le  g radients of 
score, which wou l d  show d ifferentiation  between the infants cou ld  not 
be detected .  The i tems belongi ng  to group 11 are p resented i n  Tab l e  IV. 

TABLE IV 

Items which showed l ittle differentiation and/or rapid developmental 
course (group 11) 

Spontaneous tremor 
Tremor duri ng More-reactions  
Conjugated eye movem ents 
Fixat ion t ime 
Visua l  pursu it  movements 
Convergence of the eyes 
Pup i l l ary reaction to convergence 
Corneal  reflex 
Do l l ' s  eye phenomenon 
Rotation test 
L ip-tap reflex 
Recoi l  of the e lbow 
B iceps reflex 
Ank le  jerk 
Stepp i ng  movements 

Spontaneous tremor 

At the newborn examinat ion ten i nfants showed a s l ight tremor of h i gh  
frequency g 6/sec) and low amp l itude (< 3 cm) duri ng  spontaneous 
activity. The tremor was seen i n  thei r upper l imbs on ly. E ight of them 
were boys and two were g i rls .  Yet from the second exami nat ion onwards 
no tremor was observed any more, except i n  one boy who cons istently 
showed a s l i ght tremor up  to about one year. Tremors of l ow frequency 
and h i gh amp l itude d i d  not occur i n  the present group  (cf. criteria for 
neonatal neuro log ica l  optima l ity) . 
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Tremor duri ng Moro-reactions 

As wi l l  be reported in chapter IX the Moro reacti on  was e l i cited i n  3 d if
ferent ways : by the head drop ,  the l ift and the h i t  on  the surface respec
tively. In the newborn period six i nfants (5 boys and 1 g i rl )  showed a 
s l i ght tremor of h i gh frequency (> 6 sec.) and sma l l  amp l itude (< 3 cm) 
in the head-drop Moro .  These s ix i nfants a lso d isp layed a tremor duri n g  
spontaneous  actvity. A t  t h e  second a n d  th i rd exam inat ion  o n l y  one  boy 
sti l l  showed a s l i ght tremor which d isappeared at subsequent exam ina
t ions .  

Du ri n g  the Moro react ion e l i cited by the l ift-method,  n ine i nfants (4 boys 
and 5 g i rl s) showed a h i gh  frequency and l ow amp l itude tremor duri n g  
t h e  newborn exam inat ion .  Th is  number o f  i nfants decreased rap id ly  
duri ng  the subsequent exam inations ,  although one boy pers isted i n  
showi n g  a s l i ght tremor unti l the fifth assessment. Th is  was the same 
boy who showed a tremor duri n g  the headdrop Moro at the secon d  and 
the th i rd assessment. 

Duri n g  the Moro reaction e l icited by a hit on the surface twelve i n fants 
showed a tremor of h i gh  frequency and low amp l i tude duri n g  the new
born exam inat ion (5 boys, 7 g i rl s) .  At the second examinat ion on ly three 
i nfants (al l of them boys) showed a s l i g ht tremor and from the fou rth 
exam i nat ion onwards no tremor  was found .  

Duri n g  the l i ft Moro and h i t  Moro more g i rl s  than boys showed a tre
mor, but the few i n fants who pers isted in h avi ng  a tremor duri n g  the fi rst 
few fo l low-up exam inations were a l l of them boys. Yet the number  of 
i nfants with a tremor is too sma l l  to a l l ow fo r pertin ent conc l us i ons  or  
even hypotheses. Other  types of tremo r  were not observed . 

The eyes 

The deve lopment of an effic ient v isua l  apparatus showed a rap id  devel
opmental course duri n g  the fi rst months of l ife in more than 80% of the 
i nfants. 
a .  Conjugation of eye movements was evaluated du ri n g  the who le 

cou rse of the assessment. For record i ng  a fou r  po int sca le  was 
used:  
0 .  non-conju gated eye movements. 
1 .  occas iona l ly conjugated eye movements. 
2 .  nearly conti nua l ly conjugated eye movements. 
3. conti nua l ly conjugated eye movements. 
Du ri n g  the newborn exam ination none of the i nfants obtai ned score 
0; 1 6% of them obta ined score 1 and 80o/0 score 2. I n  these i nfants 
squ i nti n g  occurred m ai n ly duri ng  tests wh ich requ i red m uscu la r  
exert ion such as the tract ion-test and head-ba lance duri n g  s i tt i n g. 
On ly 4% showed conti nua l ly conjugated eye movements (score 3). 
At the second examinat ion ,  i .e .  at about the fifth week of l i fe,  one 
th i rd of the i nfants showed continua l ly conjugated eye movements. 
At the th i rd examinat ion this was the case with two thi rds of the i n
fants, wh i l e  from the fifth exam inat ion onwards, i .e. from about 20 
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weeks of age, a l l  the i nfants showed consi stently conjugated eye 
movements. Boys were s ign ificantly l ater than g i rls  in showi ng near
ly conti nua l ly conjugated eye movements (Mann-Whitney U test, p 
= 0.01 ), but the d ifference between the means of boys and g i rls  
was s l i ght (see Tab le  XI  and XI I I  and chapter XI I ) .  Th is d ifference 
had d isappeared at the ti me of onset of conti nua l ly conjugated eye 
movements. The p resent fi nd i ngs are i n  agreement with Koupern i k  
and Dai l ly 's v iew that comp lete synerg ism between the eyes i s  esta
b l ished between 3 and 5 months of age (Koupern i k  and Da i l ly, 1 968) . 

b. Fixation time 
I n  order to assess the fixat ion-tim e  the examiner kept a g l itteri ng  
si lvery object o f  3 by  4 cm i n  front o f  t he  i nfant's eyes and tried out 
at wh ich d istance the i nfant gave the best response. 
The object was kept in movement in order to i ntens ify the stimu l at ion .  
The response was scored on a 4 po int scale .  
0. no fixat ion .  
1 .  fixat ion duri n g  a few seconds on ly. 
2 .  fixat ion duri ng  1 5  to 20 seconds .  3. fixation duri ng  more than 20 seconds .  
the test was carried out for the fi rst tim e  duri ng  the second exami
nation .  A l l  the i nfants except two showed fixati on duri ng  a few se
conds at least, wh i l e  20°/0 fixated longer than 20 seconds .  At the 
th i rd examinat ion two th i rds of the i nfants showed fixat ion duri n g  
more than 2 0  seconds ;  about o n e  th i rd fixated dur ing 1 5-20 seconds 
and on ly two infants fixated duri ng  a shorter t ime.  From the fourth 
exam ination onwards, i .e. about 1 6  weeks , more than 90o/0 of the 
ch i ld ren fixated longer than 20 seconds .  The boys started to fixate 
s l i ghtly earl ier than the g i rl s  (Mann-Whitney U test, p. < 0 .01 ) but 
boys and g i rl s  reached a fixat ion period of more than 20 seconds at 
about the same t ime. 
There was a low but s ign if icant correlati on  between the fi na l  stab i l i 
zation  of fixat ion and the onset of pursu it  movements of the eyes 
as defi ned in th i s  study (r = .397 p < 0.0 1 ) .  
Fixat ion depends l a rgely on t h e  qua l ity o f  the stimu l us .  Therefore i t  
i s  hard ly feas ib le  to compare t h e  present fi nd i ngs with those o f  other 
authors who often do not describe the qua l ity of the i r  sti mu l at ion .  

c .  Visual pursuit movements 
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The object used i n  the test for fixat ion was also made use of i n  th is  
test. l t  was moved i n  front of  the i nfant from one s ide to the other, 
at the d istance at wh ich the i nfant fixated best. 
The ang le  over which the i nfant fo l lowed the object with the eyes 
and head was est imated and scored on a 5-poi nt-sca le. 
0. no pursu it movements. 
1 .  pursu it  movem ents over 30 degrees. 
2 .  pursu it  movements over 45 degrees. 
3. pursu it movem ents over 60 degrees. 
4. pursu it  movem ents over 90 degrees or  more. 
The test was carried out from the second exam inat ion onwards. 
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Visual pursuit movements 
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Figure 5 shows the 80% p red ict ion band and the fu l l  range of the 
responses.  From the fifth examinat ion  onwards more than 80o/0 of the 
ch i ld ren showed pursu i t  movements over more than 90 degrees. No 
consi stent d i fference between boys and g i rl s  was  found .  Wolff ( 1 965) 
reported visual  pursu it movements i n  newborns. I n  the p resent study 
pu rsu it movements were looked for from the second assessment 
onwards ;  at that t im e  at l east 80% of the i nfants showed v isua l  
fo l lowin g  over 30-60 degrees. l t  i s  possib l e  that some of these i nfants 
wou l d  h ave shown v isua l  fo l lowi ng  in the i r  newborn period .  The fi n d
i ng  of Barten and Ranch ( 1 97 1 ) that there i s  no rel at ionsh ip  between 
neonatal  v isua l  pu rsu it  movements and visua l  fo l lowi ng  at l ater ages, 
suggests that various m echan isms m ay be  at work .  

d .  Convergence of  the eyes 
The same s i lvery object was now moved towards the i nfant's face 
from a d istance of about 60 cm . A 3-po int scale was used for scori ng .  
0. no change o f  eye pos it ion  on  approach o f  t he  object. 
1 .  s l i ght convergence of the eyes which soon d isappeared. 
2 .  evident convergence of the eyes wh ich was mai ntained for a few 

seconds .  
The test was carried out for the fi rst t ime duri n g  the second exami 
n ation .  75°/o of the i nfants showed a negative response whi l e  on ly 
6o/0 showed evident convergence. From the fifth exam inat ion on
wards, i .e .  from about 20 weeks of age, m o re than 80% of the i n 
fants showed evident convergence. I n cons istenc ies were observed 
in e leven i nfants, but none of the i nfants showed more than one re
l apse in score. 
Boys turned out to be s ign if icantly l ater than g i rl s  in the acqu i si t ion 
of th is  v isua l  motor activity (Mann-Wh itney U test, p < 0.01 ) .  Sti l l  
the d ifference of the means i n  the case of boys and g i rl s  was sma l l  
(Tab le  X I ,  X I I I) .  Convergence of  the  eyes m ay be  regarded as  a m a
n ifestat ion of develop i ng  b inocu lar  vis ion .  The p resent fi nd ings  are 
in agreement with Koupern ik  and Da i l ly' s  report ( 1 968) wh ich says 
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that there shou ld  be convergence of the eyes from the end of the 
th i rd month onwards .  They also confi rm White' s find ings  (1 970) that 
v isua l  accomodat ion to an approach i ng  target i s  developed between 
the second and fourth month of l i fe. 

e. Pupillary reaction to convergence 
Duri ng  convergence the s ize of the pup i l s  was i nspected and the 
p resence o r  absence of m ios is of the pup i l s  was recorded wh ich 
can be  cons idered to reflect development of accomodati on .  Although  
at  the  second exami nat ion 1 0°/0 of the  i nfants showed evident m ios is ,  
o n ly at  the age of  20 weeks i .e .  at  the fifth examination ,  was m ios is  
observed i n  more than 80°/0 of  the i nfants. Hardly any i nconsistencies 
were found ,  but there was a s im i lar  d ifference between boys and 
g i rl s  as was found i n  the case of convergence, (Mann-Whitney U 
test, p < 0.01 ) .  
A s ign ificant rel ationsh ip  between the  development of  convergence 
and pup i l l ary react ion to convergence (r  = .588) cou ld  be ascer
tai ned.  

Corneal reflex 

Th is  reflex ,  e l icited by l i ghtly touch i ng  the cornea with a p iece of cotton 
woo l ,  was positive from b i rth onwards. Duri ng the newborn exam inat ion 
i n  a l l  the infants, the reacti on was s low, compared with the immed iate 
and qu ick react ions occurri ng from the second examinat ion onwards.  

Doll's eye-phenomenon 
Th is  test was e l icited by axia l  rotati on of the i nfant when kept i n  sup ine  
suspension .  At  the newborn exam inat ion 84°/0 of  the i nfants showed a 
pos it ive response;  i . e . evi dent active eye movements contrary to the d i
rect ion of the axia l  rotat ion .  At the second exam inati on the response 
was negative i n  25% of the infants, i .e .  parti a l  eye movements or  even 
an absence of eye movements contrary to the d i rection of the rotati on .  
I n  59% the  response was  dub ious .  From the th i rd exam inati on onwards 
more than 80o/0 of the i nfants showed a negative response. No d ifferen
ce between boys and g i rl s  was found .  The Do l l ' s  eye-phenomenon is a 
vestibu lar  reaction .  One m ight expect the development of fixat ion to 
interfere with the resu l t  of the testi ng-procedure, and it m i ght be argued 
that the phenomenon wou ld  not d isappear i f  no fixati on-targets were 
avai lab le .  As it was impossib le  to exc lude fixat ion-targets comp letely, 
concl us ive evidence on this issue cou ld  not be obta ined .  The i nfants cou ld 
gaze i nto one d i rection o r  another unsystemati cal ly which apparently 
was suffic ient to i nterfere with the response.  I ncidental observat ions 
showed that i n  drowsy infants of d ifferent ages a Do l l ' s  eye-phenome
non cou l d  sti l l  b e  obta ined .  Although these observations were not car
ried out systemati cal ly, it may be assumed that the Do l l ' s  eye-phenome
non does not d i sappear duri ng  development, but becomes l atent due to 
the i nterferi ng  effect of scann ing  movements of the eyes duri ng  wake
fu l ness. 
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Rotation  test 
Duri n g  the rotation test, e l ic ited accord i ng  to Prechtl and Bei ntema 
(1 964), i n  96o/0 of the i nfants nystagmo id  movements of the eyes were 
found  at the newborn exam ination .  From the second exami nat ion on
wards they were found  in 1 00°/o of the i nfants, without the d i rect ion of 
the rotat ion bei ng  of any consequence. 
l t  was not c lear whether the nystagmoid movements were of optok inet ic  
o r  of vestibu la r  o ri g i n .  There were m any g ross contrasts between dark 
and l i ght (wi ndows, shadows, l arge pa int ings of the wal l s  etc.) i n  the 
b ackground agai nst which the i nfants were rotated . These supp l ied suf
f ic ient fixat ion targets fo r the i nfants, which are a p rerequ isite for the 
optok inet ic nystagmus.  On  the other hand it was often found  that a 
very s l i g ht turn i ng  movement, for i n stance over an arc of about 45° ,  
was suffic ient t o  p rovoke nystagmo id  movements with a c learly  d ist i
gu ishab le  fast and s low component ;  this m i ght po int to a vestib u l ar 
o ri g i n .  Duri ng  th is  p roces of s l i ght rotat ion  acceleration  is the ma i n  sti
m u l us wh i l e  p resumab ly the contrasts in the v isua l  fie ld  p l ay a m i no r  
ro l e. When  rotat ion was conti nued,  there seemed to  be  a decrease o f  ny
stagmoid movements i n  some i nfants, which poi nts to a vestib u lar  o ri 
g in ,  wh i l e  i n  others the frequency of these movements seemed to re
ma in  unch an ged, which suggests an optoki net ic ori g i n .  lt must be con
c luded that on  the basis of the p resent fi nd ings  no c lear d ist in ction  can 
be  m ade between optok inet ic and vest ibu lar  ori g i n .  N everthe less i t  is 
evi dent that in h i s  newborn peri od the i nfant is al ready ab le  to m ake 
consecutive s low and fast consensual  eye movements in a neatly coord i
nated way. 

Lip-tap response 

The response,  e l i cited by a b risk  tap on the upper o r  l ower l ip ,  was 
scored on  a fou r  po int scale (state 3). 
0 :  negative response.  
1 :  a phas ic  contract ion of the o rb icu lari s  o ri s  musc le .  
2 :  a short last i ng  ton i c  p rotrus ion  of the l i ps .  
3 :  an  evident ton i c  p rotrus ion of the l ips ,  often fo l lowed by smackin g  

movements. 
At the newborn exam ination  a l l  the i nfants showed a ton i c  response;  i n  
96o/0 o f  the cases th is  was scored a s  a n  evident ton i c  p rotrus ion  o f  the 
l ips .  At  the second exam inat ion a ton i c  response was p resent i n  about 
two th i rds of the cases, h al f  of which scored 4, b ut i n  20% of the i n
fants no response was obta ined .  
At the th i rd exam inat ion (age about 12 weeks) 1 Oo/0 of the infants sti l l  
showed an  evident ton i c  p rotrus ion o f  the l ips ,  but the number o f  nega
tive responses increased (35o/0) and one fou rth of the infants showed 
a phasic contracti on  as a sole response.  
At the fourth and fifth assessments a m inority of i n fants (about 1 5%) 
sti l l  showed a shortlasti ng  ton ic  l i p-p rotrus ion ,  wh i l e  in a rap i d ly  decreas
i ng  number of i nfants a phas ic react ion pers isted u nt i l the age of 
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about s ix months .  Two i nfants obtai ned the score 2 unti l the tenth exa
m ination .  I ncons istencies occurred in 1 7  i nfants, usua l ly once.  An appre
c iab l e  difference in i ncons istenc ies between boys and g i rls  was not 
found .  Sti l l  the developmental course lasted s ign if icantly l onger i n  the 
case of the g i rl s  (Mann-Whitney U test, p < 0.01 ) ,  a l though the d ifferen
ce between g i rls  and boys was very sma l l  (about the length of one i nter
val) and less than one standard deviation  from the means (Tab le  X and 
XI I ) .  

Recoi l  of the elbow 

At the neonatal examinat ion a l l  the infants showed a b risk f lexion of both 
elbows when the two forearms were passively extended and then rel eas
ed. At the second exami nat ion half of the i nfants did not show a f lexion 
at  the e lbows. The percentage of negative responses i ncreased to 82 
and 96 at the th i rd and fourth exam inat ion respectively. There was no 
d ifference between boys and g i rl s .  l t  can be conc l uded that the active 
postura l  fl exor dominance which is characteri stic for the newborn pe
riod (Andre-Thomas and St. Anne Dargassies,  1 952 ; l ngram,  1 959 ; 
Prechtl and Bei ntema,  1 964) decreases rapi d ly duri n g  the fi rst two 
months of i ife. 

Biceps reflex 

The b i ceps reflex was e l i c ited by tapp ing  with one i ndex fi nger on the 
other one which was p l aced on the tendon of the b i ceps musc le of the 
i nfants' sem iflexed arm . There was a b ri sk response i n  the majo rity of 
i nfants at a l l  the examinat ions.  Du ri ng  the second examinat ion two 
th i rds of the i nfants showed an exaggerated contracti on of the b iceps 
m uscle .  Duri ng  the th i rd examinat ion th i s  sti l l  happened in about one 
th i rd of the i nfants. I nconsi stently the number of infants in which th is  
exaggerated contract ion was found  (6 ,  4 ,  2 infants respectively) decreas
ed rap id ly. The infants who showed exaggerated reponses duri ng  se
veral assessments were not i denti ca l ,  as i n specti on of the i nd ividua l  
scores made cl ear; thus a conspicuous number of i ntra- ind ivi dua l  i ncon
s i stencies occurred i n  the i ntensity of the response,  especia l ly duri n g  
the fi rst months .  There was no difference between boys a n d  g i rl s .  

Ankle jerk 

At the newborn examinat ion the i ntensity of the ankle jerk, e l i cited ac
cord i ng  to Prechtl and Bei ntema (1 964) was g raded med ium in a l l the i n 
fants. Duri n g  the second and th i rd exam ination s ix i nfants showed a re
l ative i ncrease of i ntens ity of the ank le jerk. However, these were diffe
rent infants. Therefore the val i d ity of these s i ng le  observati ons  can be  
q uest ioned.  One  boy showed an i ncreased i ntensity o f  t he  ank le  jerk up  
ti l l  the 1 Oth exam inat ion ,  i .e .  un t i l  t he  age of  40  weeks. Th is  was not  the 
boy who pers istently showed a s l i ght tremor during spontaneous moti l i 
ty as ment ioned above. 
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Stepping movements 
Duri ng  the neonatal examinat ion stepp ing  movements, e l ic ited accord
i n g  to Prechtl and Bei ntema ( 1 964) were cl early p resent i n  94°/0 of the 
infants ; th ree i nfants (6o/0) showed a weak response. Fou r  weeks l ater 
the response was absent in 59o/0 of the infants, and at the th i rd exami na
tion on ly 6%> ?hawed weak stepp i ng  movements, notwithstand ing  the 
rei nforcement by passive extens ion of the head as described by Mac
Keith (1 964). I n  two i nfants (4o/0) a weak response rema ined p resent du
ri n g  the fourth and fifth exam i n at ion ,  i .e. u nt i l the age of about 20 weeks. 
There was no  difference between boys and g i rl s .  MacKeith ' s  find i ng  that 
p assive extens ion of the head resu lts i n  a p ro longed p resence of step
p i ng  movements in a m ajority of i nfants, cou l d  not be confi rmed. Th is  
m i ght be  due to the fact that the exam iner started to app ly the passive 
extens ion of the head on ly at ei ght weeks, when stepp i ng  movements 
without head extens ion were not p resent anymore. 
Because of the very sma l l  number of infants who showed pers ist ing  
stepp i ng  m ovements after t he  fi rst assessment, a re lat ionsh ip  between 
these m ovements and the onset of walki ng  cou ld  not be  ascerta i ned.  
The i n fants who sti l l  showed the response at the th i rd assessment d id 
not walk rem arkably early. Zel azo' s  suggestion that a persi stence of 
stepp i ng  movements wou l d  resu l t  in an earl i er onset of wal ki n g  cou l d  
therefore not be  confi rmed (Zelazo e t  a l .  1 972). However, t h e  number of 
i nfants was too sma l l  to a l l ow for defi n ite conc lus ions on th is  issue.  

Comment 
The items of th is  g roup can be divided i nto two subgroups.  The fi rst sub
g roup conta ins  those items i n  which the majo rity of the i n fants behaved 
i n  a s im i l a r  way. The items meant are: tremor duri ng  spontaneous moti l i 
ty  and mora-react ions ,  the ank le  jerk and the rotation  test. As  fo r the ro
tati on  test, i ts d ifferent iat ion is very s l i gth and b rief ;  the item shows a 
very rap i d  developmental course so that it can be ranged between 
group I (chapter V I I )  and group 11 . The other items of this subgroup 
(tremor and ank le jerk) scored qua l itatively d ifferently fo r a cons ider
ab l e  period of t ime in a very sma l l  m i nority of the infants, i n  contrast 
with the l a rge m ajority of the i nfants. Thus  in one i nfant a spontaneous 
tremor was found  up  t i l l  the age of one year, wh i l e  in the case of a few 
infants an i ncreased i ntensity of the ank le  jerk was observed duri n g  the 
fi rst few months of l ife, i n  one i nfant even u nt i l  the tenth examination .  
l t  i s  rather d i fficu lt to draw any conc lus ions on the bas is  of  these s i ng le  
observat ions .  Tremors of h i gh  frequency and l ow amp l itude are wel l 
known phenomena i n  neonatal neuro logy, especi a l ly i n  i nfants who are 
exhausted or upset.  They m ay be seen as osci l l at ions occurring  duri n g  
coord i nated m ot i l i ty. A s  they m ai n ly occur i n  t imes o f  stress on t h e  ner
vous system (when the infants are exh austed, crying ,  hungry, upset etc.) 
they suggest that the b ra i n  o rgan isation for th is  particu l ar movement 
control is not yet conso l i dated and can eas i ly  be  d isturbed. 
C l i n i ca l ly they are cons idered to be  of l ittl e s i gn ifi cance. 
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Tremors be in g  present i n  some infants for a long  period of t ime duri ng  
deve lopment can  be i nterpreted as an examp le  o f  t he  vari ab i l i ty i n  the 
matu ration of the nervous contro l-systems underlyi ng  smooth movement. 

The second subgroup of group 11 conta ins  those i tems wh ich show a 
fai r  d ifferent iation  among the infants ,  but at the same t ime have a rap id  
developmental cou rse. Consideri ng  the  frequency of assessments i n  the  
p resent study, thei r development can  be sa id to  fi gure as a stepfunction . 
These i tems seem to be based on neura l  mechan isms com parab le  to 
those of the items of group I wh ich showed no changes duri ng  deve l
opment. l t  may be  argued that they refl ect an i ncrease of the scope and 
of the d i fferentiation  of these neura l  m echan isms.  The d isappearance of 
the recoi l of the e lbows, e .g . ,  wou ld  reflect the decrease of the fl exor 
dominance which i s  characteristic for the newborn baby. Its d i sappear
ance is i nd ispensab le  fo r the functional development needed for ade
quate use of the arms.  I n  a s im i lar way the items concern i ng  the eyes 
reflect a refi nement and extens ion of the neu ra l  mechan isms i ndi spens
ab le  fo r the development of an appropriate visua l  apparatus.  The l atter 
is a p rerequ is ite for adequate further functiona l  development, such as 
mechan isms which ensure conjugated eye-movements and fixat ion .  
The d isappearance of stepp i ng  movements, wh ich are based on a spi na l  
coord inati ng  m echan ism ,  i l l u strates the dom inat ion of these movements 
by more com p lex m echan isms man ifesti n g  themselves in d ifferent motor 
patterns. Th is p rocess fi na l ly resu lts in the matu rati on of m echan isms 
for wa lk ing  free. Theoret ica l ly it can be argued that the rap id  develop
mental course of al l i tems of th i s  subgroup refl ects the matu rat ion of 
sti l l  rather bas ic neura l  mechan isms.  The i r  impa i rment may eas i ly  resu lt 
i n  a d isturbed maturation of more comp lex neura l  mechan isms ,  the vo
l untary m otor system inc luded. 
Th is  stresses the s ign if icance of the items of group 11 for neuro log ica l  
d iagnos is .  
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Chapter IX G ro u p  I l l :  Items which showed an evi dent 
developmental sequence 

The items of th is  group  fu lf i l l ed the fol lowi ng  criteria :  

1 .  The fi rst change of the response cou ld  unequ ivocal ly be defined on  
t he  t ime-scale. 

2 .  Also the fi na l  change cou l d  be  defined accurately on the t ime-scale.  
The defin ition  of fi rst and fina l  changes depended on  the standard i
zation  and the operationa l ization of the scori ng  sca le, which wi l l  be 
described i n  connect ion with every s i ng le  item. A fi rst change m ay be 
a qua l itatively d i fferent response, as for i nstance with the type  of vo
l untary g rasp i n g  or spontaneous motor behaviour, or it  may be a 
quantitatively d i fferent response, e. g .  a decreas ing  i ntensity of the 
response,  as i s  the case with the pa lmar g rasp ref lex .  As for pheno
mena which man ifest themselves i n  the cou rse of the development, 
the fi rst change was defined as the fi rst appearance of the response.  
The optical p laci n g  of hands and feet m ay serve as an examp le. 
There are two types of fi na l  change:  In the case of responses which 
d isappear  du ri n g  development, such as the pa l mar g rasp refl ex, the 
fi na l  change was cons i dered to h ave taken p l ace when the response 
cou l d  no l onger be e l i ci ted . As for the responses which man ifested 
themselves in the cou rse of development, or wh ich showed evident 
changes, the assessment after which no g ross changes in the res
ponse occurred was chosen as the moment of the ir  f ina l  change.  
Th is  

o
was the case with the optical  p laci n g  react ions of h ands and 

feet. 

3 .  A th i rd criteri on for the i nc lus ion of an item i n  g roup  I l l  is that the 
deve lopmental range  i s  appreciab le. This was conc luded to be  the 
case when the deve lopmental range, defi ned as the period  between 
fi rst and fina l  change, exceeded at l east th ree to fou r  exam ination
i nterva ls .  The majority of the items of group 11 , such as the items des
cri b i ng  funct ions  of the visua l  apparatus, were excl uded from th is  
g roup  as they d id  not fu lfi l th is  criteri on .  

I n  tab l e  V the i tems of g roup Il l are l i sted. They are d ivided i nto two sub
g roups .  The fi rst g roup consi sts of i tems deal i n g  with spontaneous beha
viour  which cou ld  be  observed without specific man ipu lat ion of the 
i nfant. The secon d  g roup i s  com posed of i tems for wh ich specifi c e l i c i
tatio n  techn i q ues are needed. The sequence i n  which the items are ran
ked withi n  these groups is d rawn up on ly for reason s  of convenience 
and  does not serve as a d i rective fo r neuro logi ca l  assessment. 
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TABLE V 

Items which showed fair differentiation and an evident developmental 
sequence (group I l l )  

Observation of posture and motility 

spontaneous postu re of the arms 
spontaneous postu re of  the  legs 
spontaneous moti l ity of the arms 
spontaneous moti l ity of  the  l egs 
spontaneous moti l ity of the legs i n  vertica l  suspension 
goal-d i rected moti l ity of  arms and hands 
type  of  vo luntary grasp ing  
coord inat ion of  the  upper extrem iti es 
postu re of head,  trunk and arms in p rone position  
locomotion i n  prone  position  
rol l n i g  over from sup ine into p rone posit ion 
ro l l i ng back from p rone i nto supine posit ion 
spontaneous head l i ft i n  sup ine  posit ion 
sitt ing up 
duration of sitti ng  
postu re of  the trunk duri ng  sitti ng  
stand ing  up  
wa lk ing  

Reactions and responses 

rooti ng  ref lexes 
asymmetric ton i c  neck response imposed 
asymmetric ton ic  neck response spontaneous 
palmar g rasp ref lex 
react ion to push agai nst the shou l der duri ng  sitti ng  
fo l l owing o f  an object with t he  eyes, and rotation o f  t he  head and trunk, 
when sitti n g  
optical p l aci ng  reacti on o f  the hands 
parachute reacti on of  arms and hands i n  prone suspension 
optica l  p lac ing react ion of the feet 
foot so le  response 
acoustical orient i ng  
the Moro reacti on headdrop 

l ift 
h i t  on the surface 
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The items of g roup I l l  can be considered to show a g radua l  and p rotrac
ted developmental course, which reflects a s low maturation  of the neura l  
m echani sms on which they are based. The mean ing  of th is  g radua l  and 
p rotracted deve lopment fo r a correct understand ing  of the m aturing  ner
vous system wi l l  be d iscussed i n  chapters XI I ,  X I I I  and XIV. 

Observation of posture and moti l ity 
Spontaneous posture and motil ity of arms and legs 

Procedure: Dependent on his age the i nfant was p laced i n  his crib or 
p l aypen in sup ine  posit ion .  State 3 (postu re) or 4 (moti l i ty) . 
The spontaneous postu res and moti l ity of arm s  and l egs respectively 
were observed .  The i n it ia l  observation time was at l east 3 m i nutes. The 
observat ion of postu re and moti l ity was conti n ued dur ing the who le  p ro
cedu re of assessm ent. The p redom inant posture and moti l ity i . e. the 
posture and moti l ity which cou ld  be observed most often , were recorded. 

Recording: 

The posture and mot i l ity of arms and l egs were recorded separately. 
Observation of the developmental changes resu lted i n  the fol lowi n g  
scori ng  sca les :  

Spontaneous posture o f  arms a n d  legs respectively: 
1 .  p redominant flexion 
2 .  p redom inant sem ifl ex ion 
3. p redominant extens ion 
4 .  a rb itrary postu re i . e. posture without a p redominant pattern . 
Scores 2 and 4 were cons idered as fi rst and fina l  changes respectively 
of spontaneous postu re. 

Spontaneous moti l ity of the arms : 

1 .  neonatal a lternati ng  type of movem ents i . e. a lternati ng  f lexion/exten
sion movements with a rather  stereotyped tempo and amp l itude. 

2 .  p redomi nantly asymmetrical movements : asymmetri ca l ,  i rregu lar  
f lexion/extens ion movements of varyi n g  tempo and amp l itude, usu
a l ly  accompan ied by p ro- and sup i n at ion of the arms ,  often o n  one  
s ide of the body. 

3 .  p redominantly symmetrical movements : rather i rregu la r  flexion/ex
tens ion  movements, occurri ng on both sides s imu ltaneously with va
ryi ng  tempo and amp l itude. Pro- and supi nat ion l ess marked. 

4.  symm etri cal and vo l untary movements :  goa l -d irected movements 
without a dom inant f lexion/extens ion pattern were considered as vo
l untary m ovements. 

5 p redom inantly vo l untary movements. 
Scores 2 and 5 were considered as f i rst and fina l  changes respectively. 
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Spontaneaus motil ity of the legs: 

0. neonatal alternat ing movements 
1 .  predom inantly asymmetrical movements 
2 .  predominantly symmetri cal movements 
3. p redominantly vo l untary movements 
Scores 2 and 4 were regarded as fi rst and fi na l  changes respectively. 

The p redict ion bands with the fu l l  ranges fo r the spontaneous posture 
of the arms and l egs are p resented i n  fi gures 6 and 7 .  

Spontaneous posture of the arms 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 I I I r I . r I r r -,-.-
exam. 

0 3 6 9 u B lli n 
age,months 

Fig .  6 

Vl Q (1) 

Spontaneous posture of the legs 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 exam. I I I I I r r I I r I I I I I r I I I I I 0 3 6 9 12 15 18 21 
age,months 

Fig .  7 
The general confuguration of the p redict ion bands is comparab le, a l 
though the predict ion band of the postu re of  the legs shows a more p ro
tracted developmental course. This refl ects the cran io-cauda l  gradient of 
functiona l  deve lopment. The interi nd ividua l  vari ab i l i ty of development is 
i l l ustrated by the occurrence of d ifferent scores at the same exam ina
t ion .  
In  on ly a few infants extens ion postu re of the arm s  was found predo
m i nantly, the majority of the i nfants d isp layi ng  arb itrary postures of the 
arms i mmed iately after p redom inant semif lexion posture type. 
On the basis of these data one may assume that usua l ly a f lexion post
ure of arms and l egs occurs on ly dur ing the fi rst weeks of l i fe as a p re
dom i n ant posture. The period duri ng  wh ich sem if lex ion postures occur 
i s  m uch shorter i n  the case of the arms than i n  that of the l egs .  Arb itrary 
postures of arm s  and legs man ifest themselves at about the same time 
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when goal-d i rected moti l i ty develops .  Of course th is  happens m uch l ater 
in the case of the legs than in that of the arms .  l t  ref lects the sequence 
of the d ifferent iat ion  of motor p rogramming  i n  the b ra i n .  In the l iterature 
one genera l ly agrees that the postu re of arm s  and l egs fo l lows the de
velopmental course described above ( I n g ram , 1 959 ; Peiper, 1 96 1  ) .  I n  
t h e  case o f  the arms ,  fl exion-postu res are rapi d ly  rep laced by vo l untary 
postures, whi l e  in the l egs an extens ion postures can be  c learly d ist in
gu ished as an i ndependent p hase. Th is  should p robab ly be regarded as 
partly be long i n g  to vol u ntary motor activity because i nvolved in o r  p re
paratory to vol u ntary stand i ng  behaviour. 
I n  the p resent study extens ion of the l egs was scored 4 as soon as i t  
appeared to be part of vo l untary motor behaviou r. Thus l ng ram's  second 
extens ion phase, wh ich  he loca l i zes at the  end of the fi rst year, can  be  
cons idered as t he  begi nn i ng  o f  arb i trary leg  postures. 

In the case of the arms the number of i nconsistencies, i .e .  rel apses to 
a p revious score, was much sma l ler  than in the case of the l egs.  Th is  
may be  due partly to  the m uch shorter developmental cou rse i n  the  
case of the arms,  wh i ch reflects a faster deve lopment of d ifferentiation  
of thei r motor p rogrammes.  
The g reat number  of i n cons istencies with respect to spontaneous pos
ture of the l egs a l so i nd icates the p rob lem of standard izat ion .  Norma l  
i n fants do not develop i n  accordance with a stri ctly sterotyped course. 
The scori n gsystem i s  based on the most frequent occurrence of the 
various  postures wh ich can be  d istin gu i shed .  
l t  does not accou nt for the g reat number o f  co-existi ng  phases occur
rin g  i ntra- ind iv idua l ly. Scores m ay be  arb itrary to some extent because, 
in some cases, of two co-existi ng  responses only one was scored.  
In  such cases the response type wh ich occurred p repon derantly was 
recorded o r, i f  i nevitabl e, an arb itrary cho ice was made. I ncons istencies 
p artly resu l t  from th is  p rocedu re ;  they refl ect the vari ab i l ity of the (mo
tor) express ion of nervous act ivity. 

As for the age of the fi rst change or  fi na l  change,  the developm ental 
range o r  the number of i n cons istenc ies ,  there were no statistica l ly  s ig
n if icant d ifferen ces between boys and g i rl s .  

A relationsh ip  between t he  fi na l  change o f  spontaneous posture 
of the arm s  ( i .e .  arbitrary posture) and the fi rst appearance of vo l untary 
g rasp i n g  ( i .e .  pa lmar  g rasp type) was found  (r = .393). The corre lat ion 
coeffi c ient i s  low, though  s i gn if icant (p < 0 .01  ) .  A l ow b ut stat ist ica l ly 
s i gn if icant corre lat ion was found  between the fina l  change of spontane
ous posture of the arms and the fi rst change ( i .e .  fi rst decrease i n  score) 
of the pa lmar grasp reflex (r = .449, p < 0.01 ) .  

The fina l  change o f  spontaneus posture o f  the l egs ( i .e .  arbitrary posture) 
was s ign ifi cantly rel ated (p < 0.01 ) to the fi rst change of items descri b
ing sitti ng  behaviour  and ba lance deve lopment during s itti n g, i .e. post
u re of the trunk  duri ng  s itti ng ,  duration of s itti ng ,  response to push 
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agai nst the shou lder duri ng  sitt i ng ,  and fo l lowi ng  an object with eyes,  
head and trunk duri n g  s i tti ng .  The fi rst changes of these i tems are con
tam inated as they were scored on ly if the i nfant was ab le to s it free. 
The corre lat ion-coeffi c ients were more or  less s im i l ar, rang i ng  from 
.352 to .393. These relati onsh ips refl ect that arbitrary use of the legs is  
a p rerequ isite for the development of steady s itti ng .  

Spontaneous motility o f  the arms 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 I I I I I T  I I exam. 
0 3 6 9 15 21 

age,months 

Fig .  8 

"' 8 1-1 (b 

Spontaneous motility of the legs 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 exam. I I I I I o 3 6 9 u B ffi n 
age,months 

F'ig .  9 

In rl gures 8 and 9 the p redict ion bands are p resented fo r spontaneous 
moti l ity of the arms and of the l egs .  There i s  a p rotracted developmental 
course of the spontaneous moti l ity of the legs compared with that of the 
arms. Th is  i s  demonstrated by the conspi cuous difference of the dura
t ion of neonatal a lternati ng  movements in arms and l egs.  However, a 
comparab le  sequence of development was found in arms and legs ,  the 
fi rst change of the neonatal a l ternati ng type of moti l ity being asymme
trical moti l ity, fo l l owed by symmetrical previous to vo l untary moti l ity. 
The i nfant started to watch h i s  hands and p lay with them , and grasp for 
objects at about the same t ime when predominantly symmetri cal moti l ity 
of the arms man i fested itself. 
These m otor activit ies cons ist of typ i ca l  symmetrical use of arms and 
hands .  They can be regarded as an examp le  of the way i n  which a par
ti cu lar  motor pattern becomes incorporated i n  goal-d i rected activit ies 
duri ng  thei r development. Th is  point is  also i l l ustrated by the observa-
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t ion that i n  the majority of i nfants, duri ng  the deve lopment of arm mo
ti l ity, there was a developmental phase duri ng  which the symmetri cal 
type of mot i l ity and vo l untary movements were p resent i n  about the 
same quantity (score 4) . Such a phase was not found  for the l egs.  
Du ri n g  th is  p h ase especia l ly the i nfants were busy p laying  with their  
h ands or  g raspi n g  thei r c lothes,  in  al l sorts of ways man ipu lat i n g  their  
envi ronment with both hands at the same t ime .  Beside th is  vol untary 
behaviour, they often showed symmetri cal swayin g  movements of the 
arms ,  such as one m ight see i n  i nfants who suffer from a lack of stim u
l at ion , o r  i n  retarded i nfants. 
In the l iteratu re the sequence of deve lopment of spontaneous moti l ity 
of arm s  and l egs (asymmetrica l ,  symm etri ca l ,  vo luntary) as described 
above i s  often attributed to the i nfl uence of ton i c  neck reflex-activity 
(Koupern i k  and Da i l ly, 1 968) . Asymm etrical ton i c  neck react ions occur 
in i n fancy with a peak frequency between the ages of two and fou r  
months ,  wh i ch i s  about t h e  s a m e  period  when asymmetrical a rm mo
ti l i ty i s  p redom inant. 
In the case of the legs the period of asymm etrical moti l ity l asts l onger ;  
i t  may be argued that ton i c  neck refl ex i nfl uence is evident in l eg posture 
and mot i l ity for a longer period of t im e  than i n  the case of the arms.  
Sti l l ,  th is  observab le  effect of ton i c  neck ref lex activity i s  variab le  and 
i n cons istent i n  norma l  i nfants (Pa ine ,  1 964; a lso Magnus and de Kleyn 
did not cons ider the comparab le  postures i n  norma l  i nfants to be identi
cal with the i r  asymmetri c  ton i c  neck ref lex (cited by Vasse l l a  and Karls
son, 1 962)). Th is  wou ld  exp la i n  the l a rge amount of i nteri nd ividua l  varia
b i l ity of the developmental course of posture and moti l i ty. I ndeed, it  ap
pears that at a lmost each assessment a l l the four  scores cou l d  be  found .  
The sams patterns of mot i l ity were p resent i n  the case of  i nfants whose 
heads were centered,  so th at asymm etrical ton i c  neck effects were avoid
ed. Moreover, no relationsh ip  was found  between the fi rst and fi na l  
changes and the developmental range of  spontaneous posture and mo
ti l i ty of the arms and the l egs on the one hand and of the asymm etric 
ton i c  neck react ions (spontaneous o r  imposed) on the other  hand .  The 
developmental sequence of patterns of mot i l ity as described above can
not be exp l a ined exc lus ively by the deve lopmental cou rse of ton i c  neck 
ref lex activity; i t  appears to be based on more genera l  centra l  nervous  
o rgan ization .  
I nconsistencies i n  the deve lopmental cou rse of the spontaneous moti l ity 
of the arm s  occurred on ly in a m·i nority of i nfants ; as for the l egs ,  about 
half of the i nfants showed at l east one i n consistency duri n g  the ir  devel
opmenta l cou rse.  No statistica l ly  s i gn if icant d i fferences were found  be
tween boys and g i rl s ,  contrary to Stambak's op i n ion cited by Koupern i k  
and D ai l ly ( 1 968) that i n  g i rl s  t he  asymmetri ca l  moti l ity o f  t he  arms 
wou l d  d isappear earl i er than in boys. 

As was the case with the fi na l  change of the spontaneous posture of the 
arms ,  the fi na l  change of the spontaneous moti l i ty of the arms ( i .e .  p re
dominant ly vo l untary movements) appeared to be rel ated to the fi rst 
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changes of type of vo l untary grasp ing  and the pa lmar  g rasp reflex (r = 

.445 and .376 respectively, p < 0.01 ) . 

The fi na l  change of the spontaneous moti l ity of the l egs ( i .e .  p redomi
n antly vo l untary movements) was s ign ificantly related to the fi rst change 
of items descri b i ng  functiona l  motor behaviour  such as s itti ng ,  stand ing  
and wa lk ing  and with the fi rst change of  the opt ica l  p lac ing  reacti on of 
the feet. 
Tab le  VI l i sts these relati onsh ips ,  which are se lf-evident. 

TABLE VI 

Correlation-coefficients (p < 0.01) of relationships between the final 
changes of spontaneous moti l ity of the legs and the first changes of 
some other items (Pearson Product-Moment correlations) 

Postu re of the trunk duri ng  sitti ng  : .4 1 3  
Duration of sitti ng  
Response to push agai nst shou lder duri ng  sitti ng  
Fol l owing an object with eyes, head and trunk, s itting  
Stand ing  up  
Walk ing  
Opti cal p l aci ng of the feet 

.43 1 

.420 

.4 1 3  

.659 
.598 
.505 

They suggest that before these motor ab i l i t ies can become man ifest, 
the central nervous system must have matured suffic iently to a l l ow fo r 
vo l untary spontaneous moti l i ty. 

Spontaneous moti l ity of the legs in vertical susp.ension 

Procedure: The exam iner held the i nfant suspended in vert ical posi
t ion ,  support ing h i m under the shou lders. The spontaneous moti l ity of 
the legs was observed, and the type of mot i l ity apparent most frequently 
was recorded. State 4. 

Recording: The sequence of the deve lopment h as been scored in the 
fo l lowi ng  way: 
1 .  Neonata l ,  a l ternati ng  type of movements. 
2 .  Predominantly fl exion movements of hip and knee jo ints. 
3. Predomi nantly extens ion movements of hip and knee jo ints. 
4. Predominantly asymmetrical moti l ity, duri ng  which the legs showed 

i rregu lar asymmetrical f lexion/extens ion movements of varyi ng  tempo 
and amp l itude. 

5.  Predom i nantly symmetri cal mot i l ity cons isti ng  of f lexion/extens ion 
movements of the h ips and knees of both l egs ,  of varyi ng  tempo and 
amp l itude. 

6 .  Predominantly arbitrary movements. 
Scores 2 and 6 were cons idered as fi rst and fi na l  changes respectively. 

48 



Goal directed movements of arms and hands 
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The p redict ion b and  i s  p resented i n  figure 1 0. The developmental cou rse 
of the spontaneous mot i l ity of the l egs i n  vert ical  suspens ion appears to 
be much p rotracted. The same overa l l  pattern of development was found  
as i n  spontaneous mot i l ity of ams and l egs  i n  sup ine  posit ion .  
However, i n  vertical suspens ion ,  after the fi rst phase of neonatal a lter
n at in g  type of movements about one th i rd of the i n fants showed flexion 
and/or extens ion movements of h ips  and knees p redom inantly before 
asymmetri cal mot i l i ty appeared. 
Yet this was not the ru le. Whi l e  1 0- 1 5% of the i nfants pers isted in ex
tens ion  movem ents u nti l the 1 3th exami nation ,  i .e. unti l the age of about 
one year, 35 percent of the i nfants showed asymmetrical mot i l i ty at the 
th i rd assessment a l ready; th is  percentage reached its peak (69o/0) at the 
sixth assessment, i .e .  at the age of about 24 weeks. 
From the fifth assessment onwards more th an ten percent of the i n 
fants showed symm etri cal moti l ity of  the l egs,  whi ch type of  moti l ity 
reached its peak at the 1 1 th assessment (about 44 weeks of age) . 
Arbitrary l eg moti l ity was observed i n  one i nfant as early as at the 
n i neth assessment (36 weeks). From the tenth assessment onwards a 
rap i dly i ncreasi ng  number of i nfants showed th is  type of moti tity p re
dom inantly; the 50th centi l e  was exceeded at the age of about 64 weeks 
(1 4th assessment). The f lexion and/or extens ion movements of h i ps  and 
knees occurri n g  i mmediately after neonatal  a lternati n g  leg movem ents, 
may poss ib ly be  cons idered to refl ect symmetri ca l  vestibu la r  infl uences 
on the m oti l i ty of the l egs i n  vert ical  suspens ion .  There was no relat ion
ship with the occurrence of the positive supporti n g  react ion .  

Compari son of fi g .  1 0, 3 1  and 2 1  (spontaneous mot i l ity of the l egs i n  ver
t ical  suspens ion ,  opt ical  p l ac i ng  react ions of the feet and stand ing  up),  
shows that the opti cal p laci n g  reaction  of the feet and stand i n g  up  beg in  
to man ifest themselves at the t im e  when the symmetrical m ovement type 
reaches i ts peak-frequency and beg ins to m erge i nto vo l untary move
m ents of te legs (at about 44 weeks) . From th is  one m ight conc lude that 
the p hase of symm etrical movement type of m otor activity of the legs 
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reflects p reparatory central nervous organ ization for the development 
of the motor ab i l ity of stand ing on both l egs .  
Actua l ly the fi na l  change of the i tem spontaneous moti l ity of the legs 
i n  vertical suspens ion was found to be cl osely related to the fi rst chan
ges of the optical p lac ing react ion of the feet, stand ing  up  and walki ng  
(r' s rang ing  from . 7 1 5  to  .798) . The co rrel ation-coeffic i ents o f  its rel a
t ionsh ip with the fi rst change in items describ i ng  sitti ng  behaviour  (pos
ture of the trunk,  duration ,  react ion to push aga inst the shou lder and fo l 
l owi ng  an object with eyes, head and trunk) ranged from r = .474 to 
.501 (p < 0.01 ). Th is  means that the moment when the deve lopment of 
effective ba lance duri ng  s itti ng  sets in is (moderately) predictive of the 
moment at which i n  vert ical suspension the i nfant is  ab l e  to move h i s  
l egs arb itrari ly. The  fi na l  changes of  the  development of  sitti ng  behavi
our and mot i l ity i n  verti cal suspension are related a lso (r's ran g ing  from 
.464-.580, p < 0.01 ) .  I f  Korn huber's (1 973) theory about the ro le  of the 
cerebel lar nucle i  i n  the motor organ ization i s  co rrect, the matu ration  of 
the cerebel lar  nuc le i i s  of g reat importance fo r the development of the 
ab i l i ty to ma intai n adequate postu res of parts of the body (e. g .  arms 
and  l egs) duri ng  vo l untary motor beh aviour. lt i s  evi dent that th is  ab i l ity 
is needed duri ng  s itti ng  behaviour. Arbitrary, i .e. vo l untary use of the 
l egs is important fo r stand ing  and walk ing ,  i n  which obvious ly cerebel lar  
m echan isms are a lso i nvo lved . I n  Kornhuber' s  op in ion  the cerebe l lar  cor
tex i s  respons ib le  fo r the regu lat ion of fast movements, wh i l e  the cere
be l lar  nucle i  undertake the regu lat ion of the postu res between the move
ments. Both types of regu lat ion are important for a smooth contro l of 
vo l untary movements. The relationsh ips between the fi na l  changes of 
s itti ng  behaviour  and of moti l ity i n  vert ical suspens ion refl ect the ro le  
of the maturation of cerebe l lar  mechan isms i n  the development of  these 
two motor patterns .  
Nearly a l l  the i nfants showed one or  more i nconsistenc ies i n  the scores 
duri n g  the developmental course of this item.  The i ncons istencies were 
d i stributed over the developmental course at random.  They refl ect the 
degree of i ntra- ind iv idua l  variab i l i ty which can be regarded as charac
teristic of a norma l ly develop i ng  nervous system ,  b ut they a lso i l l ustrate 
the p rob lems of operat iona l ization  of the severa l  phases. There was no 
s ign ificant relat ion between the developmental range and the number of 
i ncons istencies.  Statistica l ly s ign ifi cant d ifferences between boys and 
g i rl s  were not found .  

Goal-directed motil ity o f  arms a n d  hands 

Procedure: 
Posit ion  of the i nfant: Sup ine pos iti on ,  duri ng  the fi rst five months,  s it
ti ng  on h i s  mother' s  lap subsequently (state 3 or 4) . Duri n g  the obser
vat ion period it was observed whether the i nfant showed man ipu lative 
m anua l  activity. Then the i nfant was presented with a sma l l  ovo id  object 
(2 . by 3 by 3 cm) which he was verba l ly  encouraged to grasp.  If he was 
ab le  to ho l d  the object in his hand ,  he was presented with a second one, 
and if he  cou l d  ho ld  the two objects he  was presented with a th i rd one.  
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Recording: Observat ion of the data resu l ted in defi n i n g  the fo l l owin g  
sequence: 
0.  No goal  d i rected moti l ity of arm s  and h ands .  
1 .  Lookin g  at and p laying  with the hands :  the i nfant moved one or  

both hands i n  front of  h i s  eyes and watched them i ntently. M utua l  
touch i ng  and/or grasp ing  o f  t h e  hands were a l s o  scored 1 .  

2 .  Grasp i ng  objects. The i nfant approached the object p resented with 
one o r  both hands and touched i t  with or  without actua l ly getti n g  
h o l d  o f  i t .  Although both asymm etrica l  and sym metrica l  arm/h and 
moti l ity cou l d  resu lt i n  a score 1 o r  2 ,  dependent on the fina l  resu l t  
of the movement, i t  was found  that p l ayin g  with the hands and  th is  
type of grasp i ng  objects mai n ly i nvo lved symm etrica l  a rm/hand  ac
tivity. 

3 .  P layi n g  with the feet. The i nfant touched or  g rasped one or both 
feet, with one o r  both hands.  This behaviou r  was scored separately 
because of be i ng  so spectacu lar, even though th i s  score was obta in
ed by on ly a m i nority of the i nfants and usual ly occurred in  con
j unct ion with score 2 or with one of the fol l owin g  scores. 

4. Ho ld i ng  one object. The i nfant was ab l e  to g rasp and ho ld  one ob
ject with one hand .  

5. Ho ld ing  an object i n  each  hand .  After g rasp i ng  the fi rst object the 
i nfant was p resented with  a second one ;  h e  managed to grasp and 
ho ld  th i s  secon d  object without d ropp i ng  the fi rst one.  

6 .  Ho ld i ng  two objects in  one hand.  Whi l e  ho ld i ng  an  object i n  each 
hand,  the i n fant was ab le  to g rasp a th i rd object p resented to h i m  
without d ropp ing  o n e  o f  t h e  others. I n  t h e  m ajority o f  cases t h e  i nfant 
sh i fted one of the objects from one hand to the other  and g rasped 
the th i rd one with  the free hand .  Some of the i n fants sh i fted the ob
j ect to the u l nar s ide  of the pa lm , he ld  it  w i th  pa lm  and fin gers and 
g rasped the th i rd object with the thumb and i ndex finger of th is  
hand .  

A score 1 was cons idered as the fi rst change, a score 6 as 
the fi na l  change. 

The p red ict ion band fo r goa l-d i rected moti l ity of arms and  h ands i s  p re
sented i n  fi gure 1 1 .  Looki n g  at and p l ayi ng  with the hands occurred i n  

Spontaneous motility of the legs in vertical suspension 
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more than 80o/0 of the infants from the th i rd examinat ion onwards,  i .e. 
from about the age of 1 2  weeks . Th is  behavi our  occurred earl i er in on ly 
s ix percent of the i nfants. 
A score 2 ,  i . e . grasp i n g  objects, was obtai ned ma in ly duri ng  the fourth 
and fifth examinat ion .  At the s ixth examination more than 80°/0 of the i n ·  
fants had exceeded th is  phase. At  about  the same t ime the i ntens ity 
of the pa lmar  grasp reflex decreased. Actual ly the pa lmar grasp 
reflex may p l ay an important ro le  in reach i ng  score 1 or 2 .  As the i n
fant's one hand approaches an object or h i s  other hand and touches i t  
acci denta l ly  with h i s  pa lm ,  th is  may resu l t  i n  a pa lmar grasp reflex, re
semb l i ng  vo luntary grasp ing .  
Thus the scores 1 and 2 do not on ly express grasp i ng  behaviour  b ut a l 
so the i ntention  of  grasp ing .  
I n  the period i n  which scores 2 and 3 are obta ined by the majority 
of i nfants, observat ion of the spontaneous moti l ity of arms and hands 
revea ls  predomi nantly symmetrica l  mot i l ity. Yet the i nfant' s ab i l i ty to d i 
rect h i s. arm towards a specifi c goal shows that vol u ntary arm and hand 
mot i l ity are develop ing .  Score 4, i .e .  ho ld i ng  an object, can be  con
s idered as wel l-developed vo luntary motor behavi our; at th is  ti me the 
palmar g rasp refl ex has decreased i n  i ntens ity and the observation of 
spontaneous mot i l ity of arms and hands reveals vo l untary movement 
patterns .  Scores 5 and 6 reflect the d ifferentiation  of manua l  man ipu la
tive capaciti es.  Score 5 means that the open i ng  of the free hand i n  
order to grasp an object i s  no l onger accompan ied by open i ng  of the 
other hand which holds an object. l t  reflects the d isappearance of asso
ciated movements as a resu l t  of matu rati on  of the nervous system . A 
score 6 may be cons idered to refl ect fu l ly d ifferentiated manual ab i l ity. 
The tim e  course of the d ifferent phases as shown in the prediction  band 
i s  i n  accordance wi th  the fi nd i ngs of  Bruner ( 1 970) and Wh ite (1 970) .  

Figure 1 1  shows that the duration of  the  various phases increases when 
the scores become h igher. Wh i l e  more than 80°/0 of the i nfants obta in  
a score one duri n g  two exam inat ions ,  it takes seven examinat ions be
fore the fi na l  score 6 is reached by more than 80% of the i nfants. 

Nearly half of the infants showed a relapse in score once. There were 
no  stati sti cal ly s ign if icant d ifferences between boys and g i rls ,  neither 
with regard to the moment of the fi rst change nor with regard to the 
fin al change,  deve lopmental range or  number of i ncons istencies. 
The length of developmental range was rel ated to the tim e  of onset of 
the fina l  change with a h i gh  corre lat ion coeffic ient (r = .97 1 ) .  There was 
no rel ationsh ip  between the onset of the fi rst change and the length of 
the developmenta l range. The fi rst appearance of goal  d i rected mot i l i ty 
of the arms and hands has a much sma l ler vari ation  range than the 
moment of stab i l ization  (i .e .  the fi na l  ch ange) .  Th is  exp la ins  the c lose 
rel ationsh ip  between developmental range and fi na l  change, which re
flects the i nteri nd ivi dua l  d ifferentia l  maturation  of b rai n mechan isms 
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needed for goa l  d i rected abi l it ies .  l t  is evident that when the fi rst goal 
d i rected moti l i ty of arms and hands m an i fests itself no p red iction  can 
be  made concern i ng  the duration of the developmental range of th is 
type of manjpu l ative behaviou r. 

The fi n al change of goa l  d i rected mot i l i ty of the arms and hands (i .e .  
ho ld i ng  two objects i n  one hand) showed a statistical ly  s ign if icant rela
ti onsh ip  with the fi rst change i n  items deal i n g  with the development of 
steaqy s itt i ng ,  comparab le  to the rel ationsh ips  found  i n  the case of 
spontaneous mot i l i ty of the arms (r' s rang i ng  from .401 to .440, p < 0.01 ) . 
Sti l l ,  the  fina l  change of goal d i rected ab i l i ty of the arms and h ands oc
cu rred cons i derab ly l ater than that of the spontaneous mot i l ity of the 
arms (cf. fi g .  8 and 1 1 ) .  l t  m ay be assumed that steady s itti ng ,  i .e .  esta
b l i shed trunk-ba lance, advances i ndependent and d ifferentiated use of 
the arms.  
There was no rel at ionsh ip  with the development of type  of vol u ntary 
g rasp i ng ,  neither with regard to the fi rst change,  nor  to the fina l  change 
or  the developmental ran ge. Th i s  m ight  imp ly that the deve lopmental 
cou rse of goa l  d i rected mot i l i ty of the  arms and hands differs from that 
of fine  d ifferent iation  of fi nger-use (wh ich i s  imp l i ed i n  type  of vo l untary 
grasp in g) ;  there was no rel at ion i n  t ime ;  and apparently they are b ased 
on d ifferent b ra i n  m echan isms. 
Keepi n g  i n  m i nd  Kornh uber' s  (1 973) theory about the ro l e  p l ayed by the 
cerebra l  cortex i n  the m otor organ ization ,  one m ight  cons ider the fina l  
type  of g rasp ing  as a typ i cal mote-cort ica l  function  (see a l so Wiesen
danger (1 969) , Lawrence and Hopki ns (1 972) whereas the goal d i rect
ed moti l ity of arms and hands wou l d  be mediated by non-cort ica l  struc
tures, i .e .  the basal  gang l i a , b ra i n  stem and cerebe l l um .  
The  rel ationsh ip  between goa l  d i rected arm/hand m oti l i ty and the devel
opment  of steady s i tt i ng  m ay be  consi dered to support this hypothesis .  
The med iati on  of a steady and wel l  ba lanced s i tt i n g  posture must cer
tain ly be  looked for i n  non-cort ica l  structures. 

Comparison of the number of i ncons istenc ies in the developmental 
cou rse of spontaneous postu re and mot i l i ty of the arms on  the one 
hand and of goa l  d i rected moti l i ty on the other, shows that i n  the form er 
developmenta l  cou rse there are l ess relapses to a p revious phase than 
i n  the l atter. The deve lopmental ranges varied in  l ength ,  b ut there was 
no s i gn if icant rel at ion  between the developmental ranges and the oc
currence of i ncons istenc ies .  I n  the case of the development of goal  di
rected m oti l ity the i nconsistencies ma i n ly occurred dur ing the second  
h al f  o f  the deve lopmental cou rse,  i .e. duri n g  the phases when  d ifferen
t iation  of vol untary manua l  act ivity i ncreased. Th is  d ifferent iati on  is a re
su l t  of the i ncreas ing  comp lexity of the underlyin g  b ra i n  m echan isms ;  
one m i ght  contend that the occurrence of  i ncons istencies reflects occa
s iona l  l apses of a comp lex m echan ism duri ng  its m aturat ion .  

The deve lopment  of the ab i l i ty to store an  object before grasp in g  al)d 
hand l i ng  another one, as described by Bru ner (1 973) , co inc ides with  
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the development of the ab i l i ty to ho ld  more than one object i n  one hand ,  
as described above. Actua l ly  the act of  sh ifti ng  an object to the u l nar  
s ide of the hand i n  o rder to get ho ld  of  a second object without los i n g  
the fi rst, c a n  be seen a s  a ki nd  o f  sto ri ng ,  made poss ib le  b y  a neuro lo
g ica l ly determ i ned differenti ati on  of manua l  ab i l i t ies. 

Type of voluntary grasping 

Procedure: During  the assessment of goa l -d i rected moti l ity of arms 
and hands, the m ode of g rasp i ng  of both hands was observed consecu
tively. An ovo id  object of 2 x 3 x 3 cm was used. State 4. 

Recording: 
0. No g rasp ing  of the object. 
1 .  Palmar  grasp : When grasp i ng  the i nfant used the who le  pa lmar  sur

face of hand and fi ngers. 
2 .  Rad ia l  pa lmar  grasp : the i nfant used the rad ia l  ha l f  of h i s  handpa lm ,  

i nc l ud ing  thumb and i ndexfi nger, p redominantly. 
3 .  Scissor grasp : the i nfant g rasped the object between the vo l a r  sur

faces of h i s  extended thumb and i ndexfi nger. 
4. I nferio r  p i ncer g rap : the i nfant g rasped the object between the t ip  of 

h i s  i ndexfin ger and the vo lar  s ide of h i s  thumb .  
5 .  Po inti ng :  the i nfant appeared unab le  to  g rasp,  he  po i nted and even

tual ly  touched the object with an extended i ndexfi nger ("tipp ing") .  
Somet imes th is  po i nti ng  was fo l l owed by an i nferi or  p i ncer g rasp o r  
a p i ncer g rasp . 

6. P i ncer grasp :  the i nfant grasped the object neatly between the ti ps  
of i ndexfi nger and thumb.  

The phase of po intin g  was observed i n  a very sma l l  m i nori ty of i nfants 
(at most 1 Oo/0) . Yet on cl osely i nterviewin g  the mothers ,  it appeared that 
the majority of the i nfants h ad shown th is  phase duri n g  a short period 
of t ime (often not more than one day), at a t ime when they cou ld h and le  
objects adequately. When poi nti ng  was  observed duri n g  the  assess
m ent, i t  a lways occurred between the phases of the i nferior  p i ncer grasp 
and the p i ncer grasp. During  the phase of po inti ng  the i nfants were 
eas i ly upset. Th is  was confi rmed by the mothers, who observed the 
same beh aviour  i n  thei r bab ies. As th i s  phase seemed to be  strik i ng  i n  
a t  l east some o f  the infants, i t  was i ncl uded a s  a separate score. Scores 
1 and 6 were' cons idered as fi rst and fi na l  changes respectively (fig .  1 2) .  

Whi l e  at the th i rd assessment a l a rge majority of the i nfants (96°/0) d id 
not man ifest any g rasp i ng  at a l l ,  du ri n g  the fourth assessment ha l f  of 
the infants showed the pa lmar type of g rasp i ng, wh i l e  four  weeks l ater 
this was the case in 88o/0 of the i nfants. 
Duri n g  development an i ncreased d ifferentiation  of the developmental 
rate became apparent, which i s  reflected i n  the shape of the p redict ion 
bands. Especia l ly duri n g  the l ast period  of development i .e .  the period  
i n  wh ich  the sci ssor and the i nferior  p i ncer grasp were p reponderant, 
m uch overlap of scores was found .  One th i rd of the i nfants d isp layed a 
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Type of voluntary grasping 
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Fig. 1 2  

neat p incer g rasp at the 1 2th assessment (about 1 1  m onths), wh i l e  near
ly h alf of them reached th is  p h ase at the age of one year. More than 
80% were ab le  to use the p i ncer type of g rasp ing  duri n g  man ipu lative 
beh aviou r  at the age of 1 4  months (1 5th assessment) .  

There was no  statisti ca l ly si gn if icant d i fference between boys and g i rl s  
with regard t o  the moments o f  onset o f  fi rst change o r  fi na l  change. I n  
the boys there were three t imes a s  m any i ncons i stencies a s  i n  the 
g i rl s ;  th is  d ifference was statisti cal ly s ign ifi cant (Mann-Whitney U test, 
p < 0.01 ). There was a negative rel ationsh ip  between the onset of the 
f i rst change and the length of the developmental range (r = -.554), 
whi l e  the l atter showed a c lose and posit ive rel ationsh ip  with the fina l  
change (r = .941  ) .  Th is  combi nat ion of relationsh ips suggests that the  
mom ent of  fi na l  stab i l i zati on  of the type of vol untary g rasp i ng ,  as defined 
in  th is  study, i s  more o r  less fixed ; i t  i s  i ndependent of the moment of 
the fi rst express ion of g rasp i ng .  
As reported e lsewhere (Touwen,  1 97 1 ) there was no c lose  rel ationsh ip  
between the developmental cou rse of the pa lmar  g rasp refl ex and the  
type of vol untary grasp i ng .  
A statistica l ly s ign ifi cant rel ationsh ip  with a low corre lat ion coeffi c ient 
(r = .273, p < 0.05) was on ly found  between the fi rst change of the pal
mar g rasp refl ex and the fi rst appearance of vo l untary g raspi n g  (pa lmar 
g rasp type) .  Although the pa lmar  g rasp reflex m ay b e  partly responsi b l e  
for t h e  succes o f  t h e  fi rst attem pt o f  g raspi n g, t h i s  g rasp ing  cannot b e  
regarded a s  be ing  so lely based on reflex mechan i sms ;  i t  p roves that a 
d i fferentiation  of vo l untary man ipu lat ion has  set i n .  Neither can th is  l ow 
rel at ionsh ip  be  consi dered as a strong  support for the view that a de
crease of the pa lmar  g rasp reflex is a p rerequ is ite for the development 
of vo luntary grasp in g. 

The development of vo l untary graspi ng  has been described extensively 
by H alverson (1 931 , 1 940) , who d isti ngu ished 1 0  p hases in the develop-
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ment of p rehens ion ,  reach i ng  and d ifferenti a l  man ipu lative behaviour  i n
c l uded. He a lso concl uded that there was a p roximo-d i stal cou rse of 
development, such as is apparent i n  the descri bed developmenta l se
quence. lt stands to reason that the type of vo l untary grasp i ng  i s  an 
important variab le  i n  developmental tests. Yet i n  these tests means or  50 
centi l es are usua l ly g iven without ranges (an exception  is the Denver 
Developmental Screen ing  Test (Frankenburg and Dodds,  1 967), wh ich 
g ives 3-95 centi l es i n  add i t ion to i nterquarti l e  ranges) and the develop
mental sequence i s  often not taken i nto cons iderati on ,  o r  it is p resented 
on ly with key-ages. Moreover, the standard ization of the techn iques of
ten varies widely. Th i s  hampers compari son with the fi nd i ngs of the pre
sent study. The phenomenon of the variati on ranges tend i ng  to i ncrease 
with i ncreas i ng  d ifferentiation  of type of g rasp ing  i l l ustrates the impor
tance of knowledge about the variati on-ranges of the developmental 
phases. 
From a neuro log ica l  po int of view the development of the type of vo l un
tary g raspi n g  reflects the maturation  of the mote-cort ical  and cortico
sp ina l  mechan isms .  As Wiesendanger (1 969) , in h i s  extensive review of 
the function of the pyram ida l  tract, and Kornhuber (1 973) have po i nted 
out, the somato-sensory regu lation  of h i gh ly d ifferent iated movements 
such as fi ne fi nger movements i s  a specifi c p roperty of the motor cortex. 
The find i ngs of Lawrence and Hopk ins (1 972) in the i nfant rhesus mon
key suggest that the appearance of d i fferentiated use of the fi ngers i s  
rel ated to  t he  maturation  o f  corti cosp ina l  connections .  I f  th i s  may be 
transferred to humans ,  the time schedu le  as p resented i n  the p red icti on 
band of the development of type of vo luntary grasp i ng, may refl ect the 
t ime course of the estab l i shment of corticosp ina l  connecti ons in the h u
man i nfant. lt wou l d  be attractive to hypothesize that the phase of "po i nt
i ng"  marks the trans it ion between "non-cort ica l"  and "corti ca l "  grasp
ing mechan isms .  
Low b ut stat ist ical ly  s ign if icant rel at ionsh i ps were found ,  with r' s rang
i ng  from .370 - .449 (p < 0.01 ) between the f i rst change of vo l untary 
g rasp i n g  and the f ina l  change of spontaneous posture and moti l i ty of 
the arms ,  as reported i n  the paragraph on spontaneous posture and 
mot i l i ty of arms and legs.  

A statisti cal ly s i gn i ficant re lationsh ip  was found  between the f ina l  chan
ge of vo l untary grasp i ng  and the f irst changes of stand i ng  up  and wal k
i ng (r = .495 and .452 respectively, p < 0.01 ) .  Th i s  may on ly mean that 
the t im e  of onset of the development of stand i ng  and wa lk ing  behaviour  
i s  rel ated to the occurrence of  fi ne d ifferentiated use of  h ands and 
'fi n gers. Yet one m ight argue that there is  a sequenti a l  organ ization  be
cause th i s  relat ionsh ip  suggests the p rio ri ty of manua l  d ifferentiat ion to 
motor development i n  vertical positi on .  Teleo log ica l ly th i s  is a p laus i b l e  
sequence o f  development: t he  i nfant m ust be ab le  t o  use  h i s  h ands and 
fi ngers p roperly when he starts to pu l l  h imself i nto a kneel i n g  pos it ion 
(fi rst change of stand ing  up) o r  starts to wal k  us ing both hands for sup
port (fi rst change of wa lk i ng) .  
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Coord ination of the upper extremities 
Procedure: The smoothness and adequacy of man ipu lat ion and p layi n g  
behaviou r  was observed duri n g  the who le cou rse o f  t h e  assessment; at 
the end an overa l l semi-quant itative score was g iven .  

Recording: 
0. Badly d i rected swayi n g  movements, the i ntended goal bei n g  m issed 

repeated ly. 
1 .  Wel l -d i rected movements, a lthough overshootin g  occurred repeated

ly. The goal  was m issed nearly ha l f  of the t ime,  and when the 
i ntended movement succeeded, the qua l ity of the movement was 
abrupt and hesitati ng  as a resu l t  of b adly contro l l ed arm- and h an d
mot i l i ty. 

2 .  Wel l-d i rected arm and hand movements without overshooti ng ,  of 
smooth and adequate qua l ity. The i ntended movement succeeded 
most of the t im e. 

A score 1 and a score 2 were regarded as the fi rst and the fi n al change 
respectively. 

Coordination of the upper extremities 
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The p redict ion band for the coord i nat ion of the upper extremit ies i s  
shown i n  figure 1 3. l t  i s  c lear that smooth a n d  wel l -d i rected mot i l ity of 
the upper extremities is_ shown by more than 80°/o of the i nfants at the 
end of the fi rst year. There were no cons istent d i fferences between 
boys and g i rls ,  a l though the number of i ncons istenc ies was somewhat 
l a rger i n  the boys. There was a negative rel at ionsh ip ,  with a l ow corre
l at ion coeffic ient ,  between the t ime of onset of the fi rst change and 
the duration  of the deve lopmenta l range (r = -.449, p < 0 .0 1  ) .  An early  
onset of the deve lopment of goal-d i rected m ovements does not p redict 
a rap id  developmental course, i .e .  an early estab l i shment of good and 
stab le  coord i nat ion .  
Gesel l j udged the development of coord i nation  on the basi s of specific 
perfo rm ance,  such as bang ing  with toys, shak ing ,  transfer from hand to 
hand ,  m atch i ng  two objects, and so on  (Gesel l  and Armatruda,  1 947): 
In h i s  v iew coord i nat ion was a derivative from specif ic motor patterns. 
l t  seems more adequate, however, to consi der coo rd i nat ion as a func
t ion of a p roper b ra in  m echan ism servi n g  motor performances. l t  i s  pos
s ib le  that the neura l  m echan isms for coord i nat ion  and those for vo l un
tary motor perfo rmances develop rather i ndependently. Vol untary motor 
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activity is based on corti co-sp ina l  mechan isms ,  wh i l e  coord inat ion-me
chan isms ( i .e .  cerebe l lar  mechan isms) serve as a contro l  system fo r 
carryi n g  out the vo l untary movement adequately and effic i ently. An awk
ward and badly coord inated motor behaviour  may be the resu l t  of im
pa i rment of the mechan isms for coord inat ion ,  without the mechan isms 
for vo l untary motor activity bei ng  impa i red. Th is  i s  the case i n  for i n 
stance ataxia. 
Th is  view, i .e. the development of coord inat ion and vo luntary motor be
haviour  are based on the maturation of d ifferent b ra in  mechan isms,  is  
supported by the fact, observed i n  the present study, that the devel
opment of the coord inat ion of the upper extremit ies was not s ign ifi cantly 
related to the development of specifi c perform ances of hands and arms 
(e.g .  graspi n g  types or  goal  d i rected moti l ity of the arms and hands). 

A low, but stati sti ca l ly s i gn if icant rel ationsh i p (r = .370, p < 0.01 ) was 
found  between the fi rst change of the coord inat ion of the arms (i .e .  onset 
of development) and the fi na l  change ( i .e .  d isappearance) of the spon
taneous ly occurri ng  asymmetri c ton i c  neck reaction . Th is  m ight imp ly 
that the l atter wou ld  have a counteracti n g  effect on the development of 
the former. Th is  wou ld  be contrary to the op in ion of Gesel l ,  who cons i 
dered the p resence of the asymmetric ton is  neck response an important 
p romoti ng  phenomenon for coord inated prehens ion (Gesel l and Ama
truda, 1 947). The corre lat ion coeffic ient is appreciab ly l ow, however. 
A relatively low though s ign if icant re lationsh ip  (r = .371 , p < 0.01 ) was 
found between the fi na l  change ( i .e .  stab i l i zati on) of the coord inat ion of 
the arm s  and the fi rst change of stand ing  up ( i .e. kneel i n g) ,  which sug
gests that the i nfant needs an adequate coord inat ion of the arms i n  
order t o  be ab l e  t o  pu l l  h i m self up  i nto a knee l i ng  positi on .  

Posture of  head, trunk and  arms i n  prone position 

Procedure: The i nfant was put on a f lat surface in p rone position .  H is  
head was centered . The posture of  head,  trunk and arms was described.  
State 4 .  

Recording: 
1 .  The i nfant l i fted h i s  head and kept it l i fted fo r some seconds,  without 

us ing  elbows or hands.  The upper part of the thorax was either s l i ght
ly l i fted or not l i fted at a l l .  Absence of head l i ft in p rone positi on  d i d  
not occur among  t he  i nfants o f  t he  study due to  t he  selection  criteri a 
for neu ro log ica l  optima l ity. 

2. The i nfant l i fted the head and the upper part of the thorax, suppor
tin g  h i m self on  h i s  e lbows apparently. Sti l l  he  d id  not topp le  over 
when th is  e lbow support was pu l l ed away. 

3. The i nfant l i fted h i s  head and upper part of the thorax, part of the 
tim e  supportin g  h imself on h is e lbows, part of the tim e  without sup
porti ng  h imself. I n  the l atter case he  extended and spread h is arms 
i n  a p l ane l ike fash ion ( l l l i n gworth, 1 966, ca l l s  th is latter posit ion 
"swimm ing") .  
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4. The i nfant l ifted h i s  head and upper part of the thorax without sup
porti ng  h imself on e lbows or hands ("p lane" or ,swi mm i n g" posi
ti on) .  

5 .  The i nfant l i fted head and thorax, part of the t ime without any sup
port, part of the t im e  supportin g  h imself on  h i s  (opened) hands and 
extended arms .  I ntermi ttently h e  supported h imself on h i s  e lbows, 
which seemed to be  a transit ion to support on extended arms .  He 
topp led over if this support was pu l l ed away. 

6.  The i nfant supported h imself on h i s  hands and extended arms a l 
most excl us ively. Du ri n g  th is  phase he  m ight beg in  to draw h is  
knees u nder h i s  abdomen . 

7. The i nfant supported h imself on exten ded arm s  and f lexed knees. 
Scores 2 and 7 were cons idered as fi rst and fi na l  changes respectively. 

Posture in prone position 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
exam. 

I I I I I I -- I I I I I I I 18 21 � 1 I 1 1�6 9 12 15 
age months 

0 3 ' 
Fig .  1 4  

The p redict ion  band fer th is  item i s  p resented i n  fi gu re 1 4. 
Beside the i ntra- i nd iv idua l  overlap of the several consecutive phases, 
rep resented by scores 3 and 5, i nteri nd iv idua l  overlap of scores i s  c lear
ly evi dent. 

At the second assessment six i nfants were well ab le  to l i ft head and u p
per part of the thorax from the surface on which they were lyin g. About 
half of the i nfants showed this type  of motor b eh aviour  at the th i rd as
sessment, and two th i rds of them at the fou rth assessm ent (about 1 6  
weeks) . At that t ime twenty two percent d isp l ayed " p lane- l ike" o r  "swi m
m i ng" postures. 

Support on  the h ands  was observed in some i nfants from the s ixth as
sessment onwards (24 weeks). Dur ing  the next twenty weeks there was 
a l a rge overlap of phases .  At the 1 4th assessment (about 1 3  m onths) 
more than 80o/0 of the i nfants assu med the a l l-fours positi on ,  but  a m i 
nority of i nfants pers isted i n  an abdom inal pos it ion  u nt i l the 1 8th as
sessment (about 1 5  months) .  
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One or  two i ncons i stenc ies were found i n  40 i nfants, without any d iffe
rence between boys and g i rl s .  Ne ither was there a cons istent d ifference 
between boys and g i rls  as for the t ime of onset of the fi rst change, the 
fi na l  change or the length of developmental range. There was no re l a
t ionsh i p  between the t ime of onset of the fi rst change and the length of 
developmental range, neither between the length of the developmental 
ran ge and the occurrence of i ncons istencies. 

The fi na l  change of the posture in p rone pos it ion  ( i .e .  a l l fou rs pos it ion) 
was s i gn ifi cantly related to the onset of the development of items deal
i n g  with motor behaviour  duri ng  s itti ng  (r's rang i ng  from .364 to .383, 
p < 0.01 ) and stand ing, wa lk ing  and optical p lac ing  of the feet (r's rang
i n g  from .690 to .461 , p < 0.01 ). Appendix C shows the co i nci dence i n  
t im e  o f  these parameters .  One may contend that the development of ba
l ance, as requ i red fo r th e al l -fours posit ion i s  a p rerequ i s ite for the de
velopment of adequate s itt i ng .  The ab i l ity to achi eve an a l l -fours posit ion 
refl ects a l so an adequate use of motor contro l  needed fo r an effic ient 
deve lopment of verti cal posture. 

The variation-width of t ime of the fi na l  change of posture in p rone posit ion  
appeared to  be much larger than that o f  t he  fi rst change. The length
en i n g  of the vari ation-width is  ma i n ly caused by a sma l l number of i n
fants ( less than 20o/0) i n  whom the fi na l  change was retarded. Th i s  phe
nomenon of skewness of the d i stri bution  i s  found i n  the case of other 
items a l so .  Its mean i n g  was recogn ized by severa l  authors, e .g . ,  H i nd
l ey (1 966, 1 968) , Frankenburg and Dodds (1 967) ,  Ne l i gan and Prudham 
(1 969a, b) by whom it was used to detect abnorma l ly retarded ch i l d ren.  
As i s  c lear  from the fact that th i s  phenomenon occurs in  a group of 
low r isk i nfants, such d iagnostic conc lus ions based on t ime-scales are 
h azardous.  Although it i s  l i kely that i n  random gro ups retarded i nfants 
may be l a rgely respons ib le  for th i s  skewi ng ,  th is argumentati on  cannot 
be  i nverted,  espec ia l ly if an i nfant shows a l ate deve lopment i n  on ly 
one or two items.  As Nel i gan and Prudh am stated,  a combi nation  of 
various items showi ng  l ate development may have a greater p red ict ive 
va lue  with regard to (menta l) deve lopment than the iso lated fi nd i ng  that 
an i nfant s its, wa lks or speaks l ate (Nel i gan and Prudham,  1 969b). 

l l l i n gworth (1 966) states that genera l ly  the newborn is not ab l e  to l ift h i s  
head from t he  couch and  that he  i s  hard ly ab l e  t o  do so ,  for a few se
conds,  at the age of fou r  weeks ( l l l i n gworth , 1 966). I n  th i s  group of l ow 
r isk i nfants al l of them cou l d  l i ft thei r heads for at l east four  seconds 
i n  the newborn period ;  they were ab le  to support themse lves on the i r  
e l bows for at  l east ten  seconds at  about  five weeks of  age. These fi nd
i ngs may be due . to the selection  criteria of the group .  
Be intema (1 968) a lso found that the ab i l i ty to l ift the head was con
s i stently p resent duri n g  the fi rst ei ght days of l ife from the second day 
onwards ,  i n  about ha lf  of the i nfants he exam ined.  They be lon ged to a 
random hosp ital group.  

60 



In the present study the phase of "support on the elbows" was found 
to precede the "swimming" or  "plane" phase, wh i le l l l i ngworth sug
gests an inverse sequence. Differences of operational ization may be 
responsible for this difference. This is very l ikely as on the whole the 
results with respect to the schedule of the "swimming" phase and the 
subsequent phases, in the present study, are in accordance with l l l i ng
worth's data. 

Locomotion in prone position 

Procedure: When in prone position, the infant was stimulated to move 
forwards, verbally and by an interesting toy held in front of h im.  Neona
tal crawling movements and rol l i ng  were not considered. 
State 4. 

Recording: 

0. No unequ ivocal change of spatial position. 

2 .  Wriggl ing or pivoting movements, without specific use of arms and/ 
or legs, resulting in spatial displacement. Movi ng backwards was 
also scored 2. 

2. Abdominal  progression using the arms only. 

3. Abdominal progression using the arms and legs. 

4. Progresion by way of abdominal creeping and creepi ng on all fours, 
cf. on hands and knees. 

5. Creeping on all fours exclusively. 

Scores 1 and 5 were regarded as first and final changes respectively. 

Locomotion in prone 
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The prediction band of locomotion in prone is presented in figure 1 5. 
The interi ndividual overlap is evident. Score 4 represents a spectacular 
i ntraindividual overlap of developmental phases. 
In the present group there were no infants who did not show any 
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creeping behaviour. The phase of p ivoting and wriggl ing movements 
arose at about the same time when the infant showed a "p lane-like" 
posture in prone position. At about the time when the majority of in
fants could progress using their arms, in prone position they supported 
themselves on extended arms. Yet, for crawl ing purposes they made 
mainly use of thei r elbows. Only for creeping on a l l  fours an extended 
arm posture was used. 

About half of the infants showed inconsistencies, a l ike in  boys and 
g irls .  The boys of this group showed the first change of locomotion in 
prone earlier than the girls ;  this difference, though small ,  was statisti
cally significant (p = < 0.01 , Mann-Whitney U test). Sti l l  boys and girls 
did not differ significantly as for the time of onset of the final change 
or the duration of the developmental range. Th is means that the girls 
caught up with the boys during development. There was a statistical ly 
s ignificant relationship between the times of onset of the first and 
final changes (r = .544, p < 0.0 1 ). So the moment of the first change 
has a moderate predictive value with respect to the moment of the final 
change. 

As reported elsewhere there is  a close relationship between the ma
ture phase of locomotion in prone and walking unsupported, while the 
relationship between the first appearance of pivoting movements and 
walking unsupported, is sl ight (r = .650 and .277 respectively; Touwen, 
1 97 1 ) . 
There were also low but statistically significant relationships between 
the mature phase of locomotion in prone and the first change of the 
development of steady sitting behaviour (e.g. duration and trunk post
ure during sitting, response to push and fol lowing an object with head 
and trunk) with r's ranging from .381 to .426 (p < 0,0 1 ), while the cor
relation coefficients of the relation with the onset of development of 
standing and walking were appreciably h igher (r = .651 and .620 res
pectively). Moreover, a significant relationship (r = .558, p < 0.0 1 )  was 
found with the first appearance of the optical placing reaction of the 
feet. 
The relationships between the development of locomotion in prone on 
the one hand and the development of standing and walki ng on the other 
hand reflect the development of voluntary motor behaviour based on 
the maturation of brain mechanisms, in which the basal gangl ia may 
play an important role (Kornhuber, 1 973), and the development of the 
connections between the brain and the spinal cord. In the spinal cord 
a well establ ished motor organ ization for coordinated leg-motil ity is  
present at b irth, as is  shown by the so-cal led spontaneous crawling 
movements and stepping movements. However, at b irth the mecha
nisms needed for maintain ing balance during crawl ing or  standing, a l
though present, cannot express themselves because appropriate in
strumentation (e.g .  muscle power) is sti l l  lacking. 
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During development these so-cal led automatisms disappear, presuma
bly due to influences from differentiating brain-stem structures. An inhi
bit ion of the automatisms is  un l ikely, as flexion and extension of the 
legs remains unimpaired, only the a lternating rhythm disappears, though 
temporarily. lt reappears in  another form when the infant starts wal
king. Increasing muscle power and differentiation and organization of 
the cooperating vestibular and cerebel lar mechanisms which result in 
the improvement of the maintenance of trunk and limb posture, are 
needed for the bra in  to generate effici ent movement patterns. This is re
flected by the relationships between the first change in the develop
ment of sitting posture and sitting balance, and creeping on a l l  fours 
- as far as locomotion in prone is concerned - and by the relation
ships between the development of standing and of walking, which wil l  
be discussed later on. Thus an infant must be able to organize the 
posture of h is  trunk and l imbs sufficiently, before he i s  able to creep 
on a l l  fours, and he must be able to stand before he can start to walk. 
The increasing integration of the various brain areas (cerebel lum, bra in  
stem, basa l  gangl ia, sensorimotor cerebral areas) during development 
i s  a lso i l l ustrated by the relationship of the mature phase of locomotion 
in  prone with the development of the optical placing reaction of the 
feet, i n  which cortical mediation (especial ly for di rected and guided 
visual placing reactions as Hei n and Held (1 967) showed for kitten5t) is 
known to exist (Rademaker, 1 931  ). 

During the newborn period all the infants displayed neonatal crawl ing 
movements. These movements are supposed to disappear at the end of 
the fi rst month of l ife. In the present study spontaneous neonatal crawl
ing movements had disappeared indeed at the time of the second exa
m ination,  i .e. at the age of about five to six weeks. At that time none of 
the infants yet showed pivoting movements as a first developmental 
appearance of locomotion in prone as defi ned in thi s  study. 

The sequence of abdominal  crawl ing to creeping  on a l l  fours is  well 
known. Sti l l  some infants never reach the phase of creeping on all 
fours, some infants never progress in  prone at al l and some infants pro
gress only in a sitting position ("shuffl ing"). Neither of these pheno
mena occurred in the present study. According to Robson (1 973) ab
dominal crawl ing (in h is  termino logy: creeping,  i.e. using the l imbs for 
propulsion and sl id ing on the abdomen; scores 2 and 3 in the present 
study) is rarely observed in normal Engl ish infants, who generally start 
to progress on hands and knees much earl ier than the i nfants of the 
present study appeared to do. I n  h is opinion abdominal crawl ing is often 
observed in hypotonic infants, as a recognizable phase i n  thei r retard
ed development. I n  the present study from which hypotonic i nfants 
were excluded (cf. chapter I l l ) all the i nfants showed abdominal crawl
i ng  for an appreciable length of time. Th is apparent difference between 
Engl ish and Dutch infants emphasizes the necessity of taking popu la
tion differences into account. 
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The developmental course of prone progression i s  rather lengthy, as is 
exposed bri l l iantly by McGraw (1 943), who distinguished nine phases, 
seven of which are concerned with abdominal  progression per se. She 
demonstrated both an inter- and intra-individual overlap of the conse
cutive phases, wh i le in her materia l  abdominal crawling took place as 
an appreciable developmental phase before creeping on all fours de
veloped. In  the present study intraindividual overlap is  reflected only by 
score 4. In  the majority of the items scores are based on the prepon
derance of a certain distinct motor behaviour, but in most cases various 
developmental phases coincided. This may account for at least part of 
the inconsistencies i .e. fluctuations found during the developmental 
courses. The global time schedule as established in this study is in ac
cordance with McGraw's findings. A comparison with Gesel l 's  scales is  
hardly feasible, as he only gives a mean key age of 40 weeks with a 
time range of four weeks to both sides without expla in ing the exact 
meaning of the variation range (Gesell and Amatruda, 1 947). 

Vojta (1 968, 1 974) has described " reflex-crawling" as a crawling pat
tern which can be el icited in normal infants by specific stimul i  (forced 
movements of the arms and legs) unti l the age of onset of the first 
phase of locomotion in prone. In his opinion this " reflex-crawling" is  
of  purely reflectory orig in and never spontaneously displayed by the 
norm al infant. Sti l l  he suggests that it's presence is  a criterion for the 
normal  development of (or preparation for the development of) locomo
tion in  prone. This reflex-crawling may be comparable to the sponta
neous movements of the newborn (wh ich can be provoked and reinfor
ced by pressure on the footsoles: Bauer-reaction), which result from 
spinal mechanisms. If appropriate stimu l i  are appl ied, it may be possible 
to provoke th is motil ity in infants, but this does not imply that the move
ments el icited can be considered as reflexes. They merely indicate 
a latent capacity (latent after the fi rst few weeks of l ife) of the infant's 
nervous system. They can be elic ited by specific stimul i ,  but they 
would not man ifest themselves spontaneously. This l atent capacity 
achieves expression again, when crawl ing sets in during the develop
ment of voluntary locomotion in prone. According to Vojta the fi rst ap
pearance of locomotion in prone may take p lace in the fourth to sixth 
months of l ife, wh i le creeping on a l l  fours would be present in the thi rd 
trimester of the fi rst year. H is  data concerning the onset of the devel
opment of locomotion in prone are in accordance with the findings of 
this study. However, in the Dutch infants mature crawl ing,  as defined 
in this study, occurred much later. 

Rolling over from supine into prone position 

Procedure: The infant was put on a flat surface in supine position;  he 
was encouraged to turn over, for instance by the presentation of an 
i nteresting toy. The qual ity of his rol l ing behaviour was recorded. 
State 4. 
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Recording: 
0. No rol l ing behaviour. The infant rem ained in supine position.  
1 .  The infant turned from supine into prone position by way of axial 

rol l ing,  i n itiated by head rotation, but without evident hip rotation. 
2.  The i nfant used rotation of the body on the pelvis during rol l ing be

haviour. 

Scores 1 and 2 were considered as fi rst and final changes respectively. 

Turning over into prone position 
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The prediction band for rol l ing over from supine into prone position i s  
presented in  figure 1 6. In  more than 80% of the  i nfants the developmen
tal course of the abil ity to turn into prone was brief, i rrespective of the 
quality of the rol l ing behaviour. At the fifth assessment eight of the in
fants were able to turn i nto prone, whi le at the eighth assessment 92% 
of the infants could rol l  into prone position easily and smoothly. Trunk 
rotation during rol l ing showed a more protracted developmental course. 
While at the eighth assessment more than 80% of the infants displayed 
smooth rol l ing ,  on ly half of them showed trunk rotation. Trunk rotation 
had developed after 36 weeks in more than 80% of the infants. A close 
relationship was found between the moment of the final change and the 
length of the developmental range (r = .743) and also between the mo
ments of the first and the final change (r = .673). This suggests that 
the moment of the final stabi l ization is more or less preprogrammed in  
time. The boys of th is  group started to  turn into prone earlier than the 
g irls ;  this difference was no longer evident at the moment of the final 
change, so that apparently the g irls  caught up with the boys during de
velopment. 
The first change in the development of rol l ing over from supine into 
prone position (i .e. the first appearance of rol l ing) was significantly re
lated to the mature phase of development of steady sitt ing, standing 
and walking, spontaneous posture of the legs i n  vertical suspension 
and the optical placing reaction of the feet, though with low correlation 
coefficients (r's ranging from .368 to .424, p < 0.0 1 ) .  lt i s  not easy to i n
terpret these relationships, unless in terms of general trends of devel
opment of motor phenomena displayed by a healthy organism. The cor
relation coefficients themselves are so low as to have l i ttle predictive 
value in i ndividual i nfants. 
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The final change of rol l ing over from supine into prone position, re
flecting differentiated use of trunk and leg musculature, showed sig
n ificant relationships with the fi rst changes of the items describing the 
development of steady sitting,  standi ng, walking and optical placing re
actions of the feet, with r's ranging from .423 to .543 (p < 0.01 ) .  These 
relationships can be interpreted along simi lar l ines as the relationships 
of locomotion in  prone and posture during prone position. 

Kouperni k  and Dail ly (1 968) cite Stambak, who stated that turning 
from supine into prone starts at about four  to five months, and a lso re
ported a sexdifference, boys showing more variations in  this behav
iour than g irls .  McGraw (1 943) described the development of rol l i ng  over 
and distinguished automatic from deliberate rol l i ng  behaviour. Automa
tic rol l ing is characterized by extension movements of the spine and 
the extremities, and may be compared with axial rol l ing as defined in 
the present study. 

She observed the transition of the automatic i nto the del iberate phase 
at about the end of the first year of l i fe, which is in  accordance with the 
findings of the present study, in which transition of axial rol l ing into 
turn ing over by way of evident trunk rotation was found at about the 
same t ime. 

Vojta (1 970) considers rol l i ng  from supine into prone position and back 
as "an inherited coordination complex of human moti l i ty during the 
earlier state of ontogenetic locomotion, presumably of spinal and lower 
brain-stem orig in" .  Before roll i n�  occurs spontaneously i t  can be eli
cited; then it is cal led "reflex-rol l i ng" by Vojta. He suggests that in the 
case of a pathological development this "reflex-ro l l i ng" persists and 
blocks the development of spontaneous rol l i n� .  As in  the case of "re
flex-crawling", commented on in the paragraph concerning locomotion 
i n  prone, this use of the term "reflex" is  confusing; i t  may suggest that 
the nervous system of the very young infant consists merely of a bund
le of reflexes which gradually develop into "voluntary" motor behaviour. 
According to this concept the normal i nfant would be considered as 
functioning as a "reflex-being" at some period during his development, 
which evidently he does not. From b i rth onwards the i nfant is very well 
able to cope with his infantile needs, in a far more differentiated and 
variable way than would ever be consistent with the notion of a ,reflex
being". Instead of being considered as a bundle of reflexes, the infant
i le  nervous system must be seen as a complex information processing 
apparatus. Its latent capacities may sometimes manifest themselves in  
the shape of  reflexes, provided that the adequate stimul i  are given. 
The fact that specific stimul i  may result in reflex-responses definitely 
does not imply that the total apparatus is composed of reflexes. 

Moreover, Votja makes the usual mistake and considers reflex-rol l i ng  
in  brain-dam aged infants as being identical with imposed rol l ing behav
iour in healthy infants. In the case of a damage of the bra in  the ner
vous system is no longer homologous with an intact nervous system 
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of the same age. Reactions and responses obtained from brain-damag
ed infants must be interpreted differently from those observed in healthy 
infants. 

Rolling back from prone into supine position 

Procedure: After the infant had turned over into prone position it was 
observed whether he was able to return i nto supine position. The exa
miner encouraged him to do so by showing an interesting toy and en
couraging him to grasp it. When an infant was able to get into sitting  
position, he usually d id  not return from prone position into supine posi
tion, but started to sit up. The qual ity of rol l ing back i nto supine was 
recorded. 

Recording: 

0. The i nfant was not able to return into supine position .  
1 .  The infant rol led back into supine axial ly. 
2. The infant could turn from prone into supine position, sometimes by 

rotation of the trunk on the pelvis. 
3. The i nfant returned i nto supine position exclusively by means of 

trunk rotation. If the infant did not return into supine, but got into 
sitting posture instead, as usually happened as soon as the infant 
was able to sit up independently, this was also scored 3 as trunk 
rotation is evidently involved in this process. 

Scores 1 and 3 were considered as fi rst and final changes respectively. 

Turning back from prone into supine position 
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The prediction band for this behaviour is presented in  figure 1 7. The 
time of onset of the fi rst change is about the same in  the case of rol
ling into prone and rol l ing back into supine position. Trunkrotation  dur
i ng  rol l ing back from prone into supine position started to occur about 
four weeks earl ier than in the case of rol l ing over from supine i nto 
prone position. it occurred at about the time that in prone position the 
i nfant started to support himself on extended arms. lt seems to be 
easier for an infant to push h imself up on extended arms and then 
rotate the upper half of the body on the pelvis in  order to turn on h is 
back, than in  supine position to l ift head and shoulders and rotate them 
on the pelvis in order to turn over into prone. 
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More than 80% of the infants started to sit up from prone position at 
the 1 2th assessment, instead of return ing into supine position. 
Evidently trunkrotation is  needed for this motor behaviour. I n  the case 
of rol l ing over into prone, at the n inth assessment trunk rotation was 
found in more than 80% of the infants while more than half of the 
group showed trunk rotation during turn ing back into supine at the 
eighth assessment. Perhaps the former process requi res more complex 
cerebral programming than the latter. 

During rol l ing back from prone into supine position there were more 
inconsistencies than in rol l i ng  from supine into prone position. There 
was no difference between boys and girls .  In ro l l i ng back from prone 
into supine position boys were significantly earl ier in  displaying trunk 
rotation than girls (Mann-Whitney U test, p < 0.01 ) .  A relationship with 
a negative correlation coefficient was found between the time of onset 
of the first change and the length of the developmental range (r = 

-.398), wh i le there was a close positive relationship between the mo
ment of the final change and the developmental range (r = .788). This 
means that the length of the developmental range cannot be predicted 
by the moment of onset of this behaviour. The relationships between 
the final change of rol l ing back into supine position and the first chan
ges of other items were comparable with those of the final change of 
rol l ing over from supine into prone position. Other relationships were 
not found. 

Spontaneous head l ift in supine position 

Procedure: The infant was put on a flat surface in supine position. The 
examiner encouraged the i nfant to rise from supine into sitting posi
tion by stretching out his hands towards him without actually touch ing 
h im. State 3 or 4. 

Recording: 
0. The i nfant was not able to l ift his head. 
1 .  The infant was able to l ift his head for one or two seconds on ly. 
2. The infant was able to lift head for at least five seconds. 
Scores 1 and 2 were regarded as first and final changes of the respon
se respectively. 

Head lift in supine position 
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The prediction band is presented in figure 1 8. In the majority of infants 
the abi l ity to l ift the head in supine position developed between the fifth 
and tenth assessment, i .e., between 20 and 40 weeks. The develop
mental course was rather rapid as is reflected by the slope of the pre
diction band. I nconsistencies occurred in a minority of infants and 
there was no difference between boys and girls .  This was also not 
the case with regard to the time of onset of the first change and the 
final  change and the length of the developmental range. The times of 
onset of the first change and of the final change were closely related 
(r = .751 ). One infant in this group did not l ift h is head unti l the 1 8th 
assessment. 

The notion is plausible that the abi l ity to l ift the head in supine position 
p lays a role in  the development of the abi l i ty to sit up from supine. A 
comparison with the prediction band of sitting up (fig. 1 9) shows that 
a well-developed headl ift in supine position is concurrent with a ra
ther well-developed abi l ity to sit up. Yet no relationship was found be
tween the first and final changes of headl ift i n  supine and sitti ng up 
respectively. l l l i ngworth (1 966) also described the spontaneous head 
l ift in supine position as a complemental phenomenon occurring during  
a later stage of  the  development of  sitting, and  reported that it takes 
p lace at about 28 weeks. The present fmdrngs are in agreement with 
these data. 

The abi l i ty to l i ft the head in supine position reflects the differentiation 
of vestibular brain mechanisms, which enable the infant to orient h is 
head in space. Evidently increase of muscle power also p lays a role. 
The notion of the significance of differentiating vestibular mechanisms 
for this motor behaviour is supported by the fact that the infant's 
abi l i ty to control his head position at various anglel:f when lying in prone 
increases at about the same t ime. I n  this instance the influence of ves
tibular mechanisms is evident; the infant had been able to l ift h is head 
from bi rth onwards, which means that in  prone position the muscle 
strength was great enough for this purpose. 

The final change of the headl ift in supine position was significantly 
related with the onset of the development of walking (r = .460, 
p < 0.01 ); the correlation coefficient of the relatronship with the onset 
of standing up did not reach this level of sign ificance. 

Sitting up 

Procedure: The infant was put on a flat surface in  supine position. 
The examiner grasped the infant's wrists and encouraged him to sit up, 
helping h im,  if necessary, by pul l ing at h is hands. 
Every kind of active flexion of the infant's elbows was regarded as a 
manifestation of active sitting-up behaviour, and recorded. The reflex
flexion of the elbows during the traction-test in the newborn was not re
garded as active flexion and consequently as a part of voluntary sit
ting-up behaviour. State 3 or 4. 
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Recording:  
0 .  No active flexion of the elbows and/or retraction of the shoulders 

during pul l ing into sitting position. The head remained in one l ine 
with the trunk. 

1 .  Sl ight active flexion of. the elbows and/or retraction of the shoul
ders, with evident flexion of the head. The infant was not able to 
reach a sitting position without the examiner's help. 

2. Evident active flexion of the elbows and retraction of the shoulders. 
The i nfant sti l l  needed the examiner's help during the last part of 
the movement. Evident head and trunk flexion. 

3. The infant was able to sit up without any active help of the examiner. 
Scores 1 and 3 were regarded as indicators of fi rst and final changes 
respectively. 

Sitting up 
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The prediction band for sitt ing up is presented in  figure 1 9. The varia
tion range for the different phases is considerable. Although a smal l  
m inority of the infants was able to s it  up independently at the age of 
about 32 weeks, about 50% of the infants could not do so unti l the end 
of the fi rst year of l ife. At the age of about 14 months more than 80% 
of the infants m anaged to sit up i ndependently. I n  this group of low 
risk infants the ful l  range for sitting-up independently lasted 36 weeks; 
some infants were able to sit up without help as early as at about 32 
weeks of age, wh i le some others managed to do so at about 65 weeks. 

About half of the infants showed inconsistencies during the develop
mental course of sitting up. There were no differences between boys 
and girls. Compared with the boys, the girls of this group showed the 
first appearance of sitting up behaviour significantly later (p < 0.01 , 
Mann-Whitney U test). I n  the girls a lso the final change took p lace 
somewhat l ater than in  the boys; this difference was only significant 
at a 5% level (Mann-Whitney U test). The mean developmental ranges 
did not vary significantly as for boys and g irls. The moment of onset 
of the fi rst change was weakly related to the length of the developmen
tal range (r = -.382, p < 0.01 ) .  Thus the length of the developmental 
range can only be predicted from the age at which the fi rst change oc
curs to a l im ited degree. There was no relationship between the num
ber of inconsistencies and the length of the developmental range. 
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There was a close relationship between the final change of sitting up, 
(i .e . :  sitting up without help) and the onset of the development of stand
ing up and walking (r = .805 and .81 2 respectively). Hardly any re
lationship was found between the final change of sitti ng up and the de
velopment of the response to push against the shoulder during  sitting  
or  fol lowing an object with the eyes and  rotation of the head and  trunk 
during sitt ing. lt is  evident that balance is  developed before an i nfant is 
able to sit up independently. This notion is supported by the relation
sh ip between the duration of sitting and the onset of the development 
of the response to push agai nst the shoulder, whi le  at the same t ime 
the duration  of sitting and sitting up are not related (see next para
graph. 

The neonatal flexion of the elbows occurring during the tractiontest 
persisted in at least half of the infants until about ten to twelve 
weeks. This reflex-flexion gradual ly merged into active flexion or was 
replaced by extension of the arms without any active attempt to sit up. 
I n  more than half of the infants during some period of their development 
extension of the arms was found during pul l ing i nto sitt ing position, 
before active flexion occurred as the fi rst appearance of voluntary sit
ting up. The selection criteria for the present group precluded the oc
currence of head lag resulting  from hypoton ia  during  the traction test. 
The head lag occasional ly found in normal infants during the first 
months when they are pu l led into sitting position (McGraw, 1 943; 
l l l ingworth, 1 966), was not observed either. I n  her description  of the de
velopmental course McGraw included sitting up by way of turn ing on 
the side i n  p rone position. This would occur after the phase of evident 
active elbow flexion (score 2), although she emphasi zed the consider
able overlap between phases. In the present study the standardization 
may account for the protraction of phase 3, which in  McGraw's study is 
replaced by turning and rol l i ng  patterns. There is  no discord between 
McGraw·s findings with respect to the abi l ity to sit up independently 
and those mentioned in the present study. 

Duration of sitting 

Procedure: The duration of sitting unsupported on a flat surface was 
counted in seconds, i rrespective of the way in which the infant reached 
sitting position. State 3 or 4. 

Recording: 

0. The i nfant was not able to sit without support. 
1 .  The i nfant was able to sit free for some seconds. 
2. The infant was able to sit free for about 30 seconds. 
3 .  The i nfant was able to sit free for about one minute. 
4. The i nfant was able to sit free longer than at least one m inute. 
Scores 1 and 4 were considered as the fi rst change and the final change 
of sitting  unsupported respectively. 
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Duration of sitting 
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The prediction band of sitting unsupported is presented in figure 20. At 
the eighth assessment about one th i rd of the infants was able to sit 
unsupported for at least some seconds, i .e. at about the age of 32 
weeks. Some infants were already able to sit up independently at the 
same age. Sti l l  general ly the abi l ity to sit up without help developed 
several months later. This confirms the common finding that manu in
fants are able to sit unsupported before being able to get into sitting 
position without help .  The prediction band makes c lear that in  the ma
jority of the infants the duration of sitting unsupported increased rapid
ly. Sti l l  the vari ation-width was considerable. The scores 2, 3 and 4 
showed much overlap, so that one may conclude that the abil ity to sit 
free for about half a minute indicates a fu l ly developed abi l ity to sit un
supported. A comparison of the prediction bands of figures 19 and 20 
shows an overlap also which impl ies that an infant who is able to sit 
unsupported for longer than half a minute, very soon wi l l  be able to 
sit up independently as wel l .  I nconsistencies in the duration of sitting 
occurred in  a smal l  minority of the infants. 
There were no consistent differences between the boys and the girls 
of this group. A close statistical relationship (r = .695) was found be
tween the times of onset of the first change and of the final change. 

This means that to some extent the moment of the first change is pre
dictive of the moment of the final change, i .e. stable sitting. At the same 
time a negative relationship (r = -.479 p < 0.0 1 )  was found between 
the fi rst change and the developmental range, which seems to be con
tradictory. Presumably two different subgroups of infants should be dis
tinguished: one subgroup of infants in whom the development of the 
ability to sit free for a certain amount of time has a rather fixed devel
opmental range as the fi rst appearance of this abi l i ty predicts the mo
ment of stabi l ization, and another subgroup of infants in whom this is 
not the case. Actually, plotting "first change" against "final  change" 
and "developmental range" respectively disp lays these two subgroups 
(fig .  21 and 22). 
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I n  the boys a positive relationship was found between the fi rst changes 
of the abi l ity to sit up and the duration of sitt ing (r = .696). There was 
no such relationship in the subgroup of the girls. The last changes of 
sitting up and duration of sitting showed a statistically significant rela
tionship in  the case of both boys and g irls ,  though to a greater extent 
in the case of the boys (r = .805, r = .470, recpectively). lt is not sur
prising that these relationships are found as comparable brain mecha
nisms for balance control are needed in  the cas'e of sitting up indepen
dently and sitt ing free. Sti l l  the abi l ity to sit up as defined in this study, 
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Final change 

The relation between the first changes and the final changes· of duration of 
sitting (N = 50). 
Vertical axis: assessments during which the first changes occurred. 

Horizontal axis : assessments during which the final changes occurred. 
Case numbers are plotted in order to be able to identify the i nfants. 
lt appears that case-number 9, 29, 32, 30, 37, 1 1 ,  40, 31 and 3 are localized 
somewhat bes·ide the cloud of the rest of the case-numbers. 
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Fig. 22: 

The relation between the first changes and the developmental ranges of 
duration of sitting (N = 50). 

Vertical axis: ass·essments during which the first changes occurred. 
Horizontal axis: length of the developmental ranges expressed as the number 

of four-week periods between the first and the final change. 
Case numbers are plotted i n  order to be able to identify the infants. 

The cases 9, 29, 32, 30, 37, 1 1 ,  40, 31 and 3 appear to be responsible for the 
statistical significance of the computed Correlation-Coefficient. 
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is based mainly on active power, whi le  sitting unsupported for a few 
seconds also requires a development of balance. 
As stated above the boys started to sit up with help earlier than the 
girls. Yet as far as the duration of sitting is  concerned there was no 
difference between boys and g irls. This may imply that there is more 
active power in the boys, but that in the g irls the development of balance 
is s imi lar or even faster. Gesel l ,  and after h im l l l i ngworth, state that mo
mentarily the "normal" infant sits without the examiner's help at 28 
weeks, whi le  he is  able to sit free for a long period of time at 40 weeks 
(Gesell and Armatruda, 1 947; l l l ingworth, 1 966). These dates are much 
earl ier than those presented in the present study. 
When the age of the final change, i .e. sitting free for longer than one 
minute, in the present study is  compared with the centi les of Nel igan 
and Prudham {1 969) a substantia l  d ifference also appears which for 
the medians amounts to about one month and a half. As the defin itions 
of sitting  free do not vary, this difference is  suggestive of population 
differences, although different modes of data col lection and analysis 
may also be partly responsible (Touwen, 1 97 1 ). 

Posture of the trunk during sitting 

Procedure: The posture of the infanfs trunk during sitting without 
support was described, i rrespective of the way in which the infant 
reached sitting position. 

Recording: 

0. The infant was not able to sit without support. 
1 .  The infant sat with rounded back and supported h imself on h is arms. 
2. The infant sat with rounded back without supporting  h imself on h is  

arms. 
3. The i nfant sat with straight back without evident lumbar kyphosis 

or lordosis. 
4. The infant sat upright with evident lumbar lordosis. 
Scores 1 and 4 were considered to reflect the moments of the fi rst and 
final changes respecively. 

Posture of the trunk during sitting 
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The prediction band of trunk posture during sitting is presented in fi
gure 23. The prediction bands of the durat1on of sitting and the posture 
of the trunk during sitting are comparable with regard to both shape 
and local ization on the time axis. This impl ies that paral le l  to the i ncrea
se of the duration of sitting, the posture of the trunk during sitting de
velops rapidly. One may argue that the development of erect posture 
during sitting reflects the development of bal ance which in its turn re
sults in an increase of the duration of sitting. In about one fifth of the 
infants an inconsistency was found during the developmental course 
of posture during sitting ;  there were no differences between boys and 
g irls .  
There was a statistical ly significant relationship between the t ime of 
onset of the first change and the final change (r = .509, p < 0.01 ) ,  whi le 
the relationship between the t ime of onset of the first change and the 
length of developmental range was negative (r = -.492, p < 0.01 ) .  This 
may be accounted for in  the same way as was done in the case of du
ration of sitting. 

I n  the majority of the infants the abi l i ty to use one or two hands vo lun
tari ly during sitti ng developed in the period of time when the infant was 
able to sit longer than half a minute with a straight back. I n  the majority 
of the infants the posture of the legs during sitting showed a specific 
developmental course: the infants started to sit with flexed legs, whi le  
subsequent extension of  the legs coincided with the abi l ity to s i t  longer 
than half a minute with a straight back. In the majority of infants an ar· 
bitrary posture of the legs, i .e.  a posture of the legs without a specific 
flexion or extension pattern, occurred only if the i nfant was able to sit 
unsupported for more than one minute with a neatly hol low back. 

The moment of onset of the first change of the items "duration of sit
ting" and "posture of the trunk during sitting" were significantly related 
to the final change (the stabi l ization) of balance development during 
sitting ("response to push against the shoulder" and "fol lowing an ob
ject with the eyes and rotation of the head and trunk"), with correlation 
coefficients ranging from .587 to .652 (p < 0.0 1 ). The two items mention
ed were closely interrelated. Low but sti l l  s ignificant relationships were 
found with standing free and walking unsupported and with an arbitrary 
posture of the legs during vertical suspension and evident optical p lac
ing  of the feet (r's ranging from .368 to .499, p < 0.0 1 ) .  
The relationships with the final changes of  prone position, locomotion 
in prone and the posture and spontaneous motil ity of the legs have al
ready been mentioned. Higher correlation coefficients, ranging from 
.480 to .762 (p < 0.01 ) (see appendix D), were shown by reverse rela
tionships, i .e. those between on the one hand the final changes of "du
ration of sitting" and "posture of the trunk during sitting" and the first 
changes of the other items on the other hand. 
l t  i s  evident that the age of steady sitting during more than half a mi
nute is  predictive of the development of standing up and walking. Ac
tual ly a l l  the relationships mentioned reflect the more or less closely 
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related development of a set of functions in which primarily postural 
mechanisms of head, trunk and legs are i nvolved. 
The actual time schedule (appendix C) together with the relationships 
between the fi rst and final changes of the various items points at a 
schematic developmental course, in which standing and walking are 
preceded by steady sitting, whi le  the development of balance, reflected 
by sitting behaviour, should at least have started before the al l-fours 
position and creeping on a l l-fours canbe achieved. 

Standing up 

Procedure: The way in  which the infant tried to get i nto standing po
sition was observed and described. I f  necessary he was verbal ly en
couraged but not touched. State 4. 

Recording: 

0. The infant was not able to stand up.  
1 .  The infant was able to get into a kneel ing position ,  whi le  supporting 

himself with one or both hands. 
2. The infant was able to get into a standing position whi le  supporting 

h imself during standing, He was not able to sit down without help. 
3. The infant was able to get into a standing position whi le supporting 

himself during standing; he was able to sit down without help. 
4. The i nfant was able to stand free. 

Scores 1 and 4 were considered to reflect the first and final changes 
respectively. 

Standing up 
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The prediction band for standing up is presented in  fig. 24. lt shows a 
wide overlap of the different phases. The first appearance of standing 
with support showed a variation range from about 36 to about 72 weeks. 
Although one infant could stand free at about 44 weeks, 80% of the in
fants had reached this developmental phase at about one and a half 
year of age. The median for standing free was found at the age of about 
65 weeks (c. 1 5  months). The median for standing with support was 
found at about one year. 
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Andre-Thomas describes the period during which the infant is not yet 
able to stand free without losing balance, as a period of physiologica l  
astasia and abasi a, implying motor and postural i ncompetence. He stat
ed that this is perfectly normal in infancy and mentions u ltimate time 
l imits of 1 5- 1 8  months of age (Andre-Thomas and St. Anne Dargassies, 
1 952). However, the use of terminology with a specifically pathological 
mean ing belonging to (adult) neurology should not be appl ied to the 
normal  motor behaviour of infancy. Moreover terms l ike astasia and 
abasia are disproportionately "heavy" for a description of relative imba
lance occurring during the development of balance and trunk-coordi
nation in standing position. 
The girls started and reached the final change later than the boys, 
whi le their developmental range was a lso more protracted; these diffe
rences did not reach statistical significance (Mann-Whitney U test). 
There were hardly any inconsistencies in the development of this mo
tor behaviour. A statistical relationship was found between the moments 
of onset of the fi rst change and the final change (r = .563, p < 0.01 ) 
and also between the moment of the final change and the length of the 
developmental range (.765). lt seems as if standing up (reflected by the 
relationship between the fi rst and final changes) develops in accordan
ce with a kind of time-tal ly; as soon as development sets in a rather 
fixed amount of time is avai lable for reach ing the final change. At the 
same time environmental conditions may effect the developmental cour
se (as reflected by the close relationship between the final change and 
the developmental range). 

The relationships between standing up and other items describ ing 
functional motor development, such as sitting,  rol l i ng  and locomotion 
in  prone, have been discussed a lready. Both the first change and the 
final change were closely related to the first and final  changes of walk
ing (r's ranging from .794 to .820). There were also relationships with 

TABLE VII 

Correlation coefficients (p < 0.01)  of relationships between the first 
changes of standing up and of other items (Pearson-Product-Moment 
correlations) 

response to push against shoulder during sitting .724 

fol lowing an object with eyes, head and trunk during sitting .703 

optical p lacing of the feet .697 

type of voluntary grasping 

palmar grasp reflex 

parachute reaction of arms and hands 

footsole response 

coordination of upper extremities 
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.495 

.456 

.438 

.400 

.371 



some reactions (table VII). Kneel ing, defined as the fi rst change of the 
development of standing up, was related with wel l developed balance 
reactions in sitting position and with adequate optical placing of the 
feet. lt is  not surpris ing that these relationships were found as in  all 
these instances wel l  guided motor control of trunk and legs is  required, 
implying a differentiated integration of brain mechanisms promoting 
th is motor contro l ,  i .e .  cerebellum , brain stem and basal ganglia. The 
relationships with the final  change of type of voluntary grasping (i.e. 
p incer grasp), palmar grasp reflex (i.e. complete dissolution), parachute 
reaction of the arms and coordination of the upper extremities suggest 
that a differentiated use of the hands is important for the development 
of voluntary rising into standing position ; they reflect the importance of 
the development of corticospinal connections in  this context. The rela
tionship with the final change of the footsole response can be consider
ed as evidence of an increase of suprasegmental influence on spinal 
mechanisms, due to the maturation of cerebrospinal i ntegration,  as a re
sult of which the dominance of extensor activity in the motil ity of the 
toes is  shifted to the flexor side (Kugelberg, Eklund, Grimby, 1 960;  
Grimby, 1 963 a + b; Gassel , 1 970). 

The finding that standing free is related to the onset of the development 
of balance during s itting and optical placing of the feet (r's ranging 
from .360 to .522, p < 0.0 1 )  points at the intricate relationships between 
the brain mechanisms involved in the development of motor patterns 
which n ivolve active muscle power, balance and voluntary use of mus
cular activity. 

Walking 

Procedure: The i nfant's trials to progress on h is  feet were observed 
and recorded. If the infant was not able to walk without support, h is  
mother was asked to he lp h im .  State 4. 

Recording: 

0. The i nfant was unable to walk. 

1 .  The infant could walk  if his mother held him by both hands. 

2. The infant could walk if his mother held him by one hand. 

3. The infant walked free for a few paces. 

4. The infant walked free for at least seven paces consecutively. 

Scores 1 and 4 were regarded to reflect fi rst and final changes res
pectively. 

The surface on which the infant walked was standardized as much as 
possible, dependent on the home environment. For the majority of in
fants a soft surface was avai lable. 
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Walking 
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The prediction band for walking is presented in figure 25. 
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The width of the last part of prediction band is not rel iable, as walk
ing for seven paces consecutively was the criterion for the finishing 
of the follow-up study and the prediction bands were not corrected for 
51 infants. 
In  this group of low-risk i nfants the width of the variation-range is con
spicuous. The median for walking with the support of both hands was 
found at the age of about one year while the 50th centi le for walking 
free was found at about 64 weeks (16 months). 
There were hardly any inconsistencies during the development of this 
motor behaviour. I n  the girls the fi rst change occurred later than in  the 
boys; this difference did not reach a 1 %  level of confidence (Mann
Whitney U test). Walking free was achieved sign ificantly earl ier by the 
boys than by the girls (Mann-Whitney U test, p. < 0.01 ). In the girls the 
duration of the developmental range was more protracted than in  the 
boys ; this difference was not statistical ly significant. In the girls  there 
was a close relationship between the time of onset of the first change 
and the final change (r = .877) ; this relationship was also found in  the 
boys, though with a lower correlation coefficient (r = .678). Moreover, 
in the boys there was a low negative relationship between the time of 
onset of the fi rst change and the lenght of developmental range (r = 

- .347, p < 0.01 ) ,  which was not found in the girl s  (r = .055). 
it is difficult to account for this difference in relationships between boys 
and girls. Several factors may play a role. Possibly the genetic differen
ces, based on endocrine i nfluences, are partly responsible, and result 
in  greater muscular strength in the case of the boys. Also the harmonic 
constel l ation may influence brain maturation differential ly. Various cul
tural ly conditioned expectancy patterns with regard to male and female 
behaviour may affect ch i ld rearing  patterns, the result of which may ma
nifest itself al ready in  infancy. 

In the total group (i .e. boys and g irls  taken together) the height of the 
correlation coefficients of the relationships between the first and final 
changes (r = .794) differed from those of the developmental range and 
final change (r = .493). This impl ies that the time needed for the devel
opment of walking free, is  more or less fixed, and that the moment at 
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which the fi rst man ifestat ion of walk i ng  occurs p redicts the age at 
wh i ch walk ing  free is ach i eved to a reasonab l e  extent. 
A c lose rel ationsh ip  was found  between the deve lopment of walk i ng  
and of  stand i ng  up .  Th is  rel ationsh ip  reflects the d ifferentiati on  and i n 
tegrat ion of b ra in  m echan isms needed for the  development of mot i l ity 
i n  a vert ica l  pos it ion ,  i n  which p rocess cerebel l ar, b ra in  stem , b asaJ 
gang l i a  and corticosp ina l  m echan isms are i nvolved. The m aturation  of 
postural ( i n cl ud i ng  equ i l i b rium)  mechan isms m ust take p l ace before the 
ab i l i ty of b ipede p rogress ion  i n  space can be  ach i eved. A com pari son  
o f  the characteri stic features o f  stand ing  and wal ki n g  i nd i cates t he  d i f
ferentiation  of motor o rgan ization  as ref lected i n  the l atter  funct ion .  

The  rel at ionsh ips  between walk i ng  and other  items resemb l e  those 
mentioned in connection  with the deve lopment of stand i n g  up;  they 
can be  i n terpreted ana logica l ly. 
A comparison of the p resent data with reports found  i n  the l iterature 
concern i n g  the age of wal ki n g  free reveals cons iderabl e  d i fferences. 
Whi l e  for this abi l i ty Gesel l and BOh ler give a range from 1 5- 1 8 months 
(BOh ler  and  Hetzer, 1 932 ; Gesel l and Armatruda,  1 947), l l l i n gworth 
ment ions 1 3  m onths ,  the Denver D evelopmental Screen i n g  Test gives 
1 2 . 1  m onths as a median ,  and Bayley in her crosssectiona l  samp le  even 
1 1 .8 m onths ( l l l i n gworth ,  1 966; Frankenburg and Dodds ,  1 967 ;  Bayley, 
1 969). Ne l i gan ,  us i ng  the same operationa l i zation  as i s  app l ied  i n  the 
p resent study, mentions 1 2 .8  months as a m ed ian  (Nel igan  and Pru d
ham,  1 969). 
The eventua l ity of popu lat ion d i fferences has to be  taken i nto regard 
apart from methodo log ica l  d i fferences i n  the co l lection  of data and i n  
the mode o f  an alys is .  H i nd ley emphas ized th is  po int  i n  h i s  comparison 
of five European long itud ina l  samp les ;  h e  d rew attent ion to  the find i ng  
that no s ign if icant sex d ifferences (or even tendenc ies) for walk i ng  
free cou l d  be found  i n  these samp les (H ind ley et  a l ,  1 966). 
Th i s  i s  contrary to the p resent fi nd i ngs ,  wh i ch show s l ight  but  s i gn ifi
cant d i fferences between boys and g i rl s .  

A l so  a com parison o f  the ful l  ran ges of walk i ng  without support revea ls  
d i fferences : the Denver D evelopmental Screen i n g  Test ment ions  a 
range from 9.8 - 1 4.3 months (5 - 95%), Zdanska-Brin cken and  Wolanski 
( 1 969) g ive about 1 0 - 1 4.5  months ( 1 0 - 900/o) , N el i gan 9.7 - 1 5.8  (5 -
90°/o) wh i l e  i n  the p resent study a ran ge of 1 3.5  - 1 8  months was found  
( 1  0 - 90°/o). Samp le  composit ion (cf. Ne l i gan's conc lus ion  that l ower 
c lass i nfants wa l k  earl ier  than u pper c lass i nfants) , standardizat ion and 
operationa l i zation (observat ion versus m other's  report ;  envi ronment and 
t im e  of the day) may account for part of these d i fferences. 

Attention m ust a lso be paid to Ne l i gan 's remark that there i s  a p rotract
ed cou rse to be observed in that part of the centi l e  curve whi ch spe
cifica l ly represents the i nfants whose ab i l ity to wal k  free was retarded. 
In  a populat ion study th is  p rotracted course of  the centi l e  curve m ay 
be  attrib uted to " late walkers" ,  recru i ted from devi ant i nfants. However, 

81  



a s im i l ar phenomenon was found i n  the p resent study from which devi
ant i nfants were carefu l ly  excl uded. 
In the case of f ive i nfants the round ing  off of thei r fo l l ow-up  had to be 
postponed for 16  weeks due to a l ate ach ievement of walki n g  free. 
These infants are respons ib le  for the i ncrease of the variation-width of 
walk ing  free on the ri ght hand s ide. Yet they were qu ite i nconspicuous 
from a neuro log ica l  and behavioura l  po int of v iew. Therefore it i s  doubt
ful whether med ians and centl ies are of g reat value  for the assessment 
of motor retardation in terms of neuro log ica l  i ntegrity. Also duri ng  thei r 
l ater development (when th is  book was written the youngest ch i l d  was 
about 6 years o ld) none of them showed any neuro log ica l  or mental 
d isturbances, which wou l d  po int at a cause for a retardati on of motor 
development. Thus it can be contended that the qua l ity of the deve lop
mental course rather than a strictly del i neated time schedu le  has to be 
cons idered i n  order to eva luate the i ntegrity of the nervous system .  

Reactions and  responses 
In this sect ion a number of reacti ons and responses wi l l  be d i scussed 
wh ich fu lfi l the criteria for group I l l .  They are arranged in Tab l e  V, in 
subgroups composed for reasons of conven ience (Pag. 42). 

Rooting reflexes 
Procedure: Root ing was e l icited accord i ng  to the method described 
by Prechtl and Bei ntema (1 964) . Duri n g  the fi rst 4 or  5 months of l ife, 
the i nfant was usua l ly in sup ine  position ,  subsequently it was seated 
on the mother' s  lap .  State 3 or 4. 
Al l the infants were examined about half an  hour before feed i ng ;  in th is  
way the d i fferenti a l  effect of the feed i ng  cond it ion was e l im i nated as 
m uch as poss ib le. 

VJ 

Recording: 
0. No turn i n g  of the head in the d i rection of the stimu l ated area. 
1 .  S l i ght react ion to l atera l  stimu l at ion ,  no reacti on  to stimu lat ion of 

u pper or  l ower l i p . 
2. S l i ght react ion to stimu lat ion of a l l  fou r  areas. 
3 .  Evident react ion to l ateral stimu l ation ,  but  s l i ght react ion to sti mu la

t ion of upper and l ower l i p . 
4. Evi dent tu rn i n g  of the head towards the stimu l ated s ide both i n  

hori zonta l a n d  verti cal d i rection .  

Rooting 
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The p red ict ion band for rooti ng  is p resented i n  fi gure 26. An evident 
root in g  response was observed i n  more than 80% of the i nfants u nt i l  
the seventh assessment. More than 80°/o of  the i nfants showed a nega
t ive response on ly after about ha lf  a year. The variati on  range was 
l arge and many i nconsistencies occurred (see appendix J) without evi
dent sex d ifferences. There were no d ifferences between boys and 
g i rl s  with regard to the moment of the fi rst change, the fina l  change or  
the length of the developmental ran ge. 
A negative relationsh ip  with a l ow corre lat ion coeffic ient (r = -.438, 
p < 0.01 ) ,  was found between the moment of the fi rst change and the 
length of the developmental ran ge. Th is  m eans that in i nfants who show
ed an early fi rst change, a p rotracted developmenta l  range  cou l d  sti l l  
be found .  The c lose rel ationsh ip  b etween t h e  fi na l  change a n d  the de
velopmental range (r = . 824) suggests a lso a p reprogramming  of the 
d i sso lut ion of the response. The number of i nconsistencies was relat
ed to the l en gth of the deve lopmental range (r = . 557, p < 0.01 ) .  

The large number of i n consistenc ies i s  i n  accordance with l ngram's  
op in ion  that i n  hea lthy i nfants both inter- and i ntra- i nd ividua l ly a g reat 
vari ation  is found with regard to the feedi ng  refl exes ( l n g ram,  1 962) . 
Th i s  was a l ready observed by Prechtl ( 1 958) i n  h i s  study on  the head 
turn i n g  response of the human baby and in terpreted as dependent on 
the i nterna l  state of the i n fant. General moti l i ty, m etabo l i c  rate (hu n ger 
o r  satiat ion) ,  d rowsi ness, s leep, defaecat ion o r  m i cturiti on  etc. m ay 
la rgely i nf luence the response. He  descri bed hab ituat ion after repetitive 
stimu l at ion and a reappearance of the response due to a " central reset" 
when the stimu l at ion is contin ued. Th is  m ay be app l ied to other refl exes 
and responses as wel l ;  i t  l eads to the variab i l ity which can be cons ider
ed as a characteri stic p roperty of the healthy nervous  system. 
Re lationsh ips with parameters of other items were vi rtua l ly  absent .  
The spectacu lar  d ifference with Pa ine's  (1 960) op in ion  that u nt i l  three 
or fou r  months after b i rth the rootin g  response can on ly be obta ined i n  
the i nfant when awake m ay b e  expl ai n ed b y  the fact that i n  the p re
sent study the rootin g  response was e l icited shortly before feedi ng  
t im e, whi l e  Pa i ne  does not g ive any  i nformation  about h i s  standard iza
t ion .  
I n  the p resent study the response was e l icited by gent ly stroki n g  the 
trans i tiona l  a rea between l i p  m ucosa and surround ing  sk in ,  and the 
skin of l i ps  and  cheek just as ide of the l ip  m ucosa. A cons istent d i ffe
rence b etween the results of those two modes of e l i ci tation  was not ob
served .  Dur ing  the fi rst assessment i n  the newborn period most i n fants 
reacted to both stimu l at ions with rap id  and often overshooting  turn i ng  
m ovements o f  the head i nto the d i rect ion o f  the stimu l at ion ,  wh i l e  du r
i n g  subsequent exam inat ions on  both types of stimu l at ion the head 
m ovements were found  to be  s lower and more adequate. 
As Prechtl (1 958) has show, two types of reactions  can be d isti n gu i sh
ed i n  th i s  connection ;  the "s ide  to side movem ents" ,  occurri ng  i n  res
ponse to tact i l e  stimu l at ion near the mouth, i .e. on the skin of the 
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cheek or l i ps  (a lso at a larger d i stance) and even occurri ng  spontane
ous ly without stimu lation ,  and the "d i rected head turn i ng  response" 
wh ich develops duri ng  the fi rst few weeks after b i rth and which only 
can be e l i cited from the i mmediate adjacent area of the l i ps .  Accord i ng  
to  Prechtl t he  " rhythm ical  search i ng" ,  man ifesti ng  itself i n  s i de  to  s ide 
movements, d i sappears and is  rep laced by the "d i rected head turn i ng  
response".  

Sucki n g  responses were not analysed, as the react ions to i n serti on  of a 
sti mu lati ng  fi nger or n ipp le  were too variab le  and heterogeneous. Many 
i nfants b it  or sucked i nconsisten ly. Especia l ly dur ing the teeth i ng-pe
riod ,  which was very variab l e  in occurrence, sucki ng  responses cou ld  
hard ly be  obtai ned i n  a standard ized way. l t  i s  posi b le  that the exam ina
tion  t ime ju i st before feed ing ,  when the infants were hungry, was part i
cu larly u nfavourab le  fo r the exami nat ion of sucking  responses. 

Asymmetric tonic neck responses 

Procedure: The i nfant was put on a fl at surface in sup ine  pos iti on .  
the  examiner  rotated the i nfant' s head to  one s ide and kept it i n  th i s  
·posit ion for about 1 5  seconds.  The type o f  movement a n d  t h e  resu lti ng  
bostu re o f  the arms and  l egs were observed. Extens ion o f  t he  a rm  and/ 
o r  l eg on the s ide towards which the face was turned was cons i dered 
as a pos itive response. 

In the connotation of this study this response was cal l ed the imposed 
asymmetric tonic neck reaction. Comparab le  responses resu lti ng  from 
a spontaneous turn i ng  of the head to one s ide or the other, were ca l 
l ed spontaneous asymmetric tonic neck reactions and recorded sepa
rately. 

Recording: 

0. No cons istent movement pattern of arm and/or leg on rotat ion of 
the head. 

1 .  S low and variab le  response, cons istently rep l icab le. 
2. I mmediate and cons istent response, p resent in arm and l eg, though 

easi ly counteracted by spontaneous moti l i ty. 
The assessment duri ng  which a posit ive response was obtained fo r the 
fi rst t ime,  was regarded as the moment of onset of the fi rst change. 
Th is cou ld  be a score 1 o r  a score 2 .  The fi na l  change was regarded to 
h ave taken p lace when the response had d isappeared, i .e. a score 0 
was obtai ned. 

The p rediction  bands for the asymmetri c ton i c  neck react ion ,  imposed 
and observed duri ng  spontaneous moti l ity, are p resented i n  f igures 27 
and 28 respectively. More than 80o/0 of the i nfants d id not show any 
asymmetric ton i c  neck react ion duri ng  the fi rst assessment. Duri ng  the 
second assessment, more than 80o/0 of the i nfants showed a posit ive 
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Asymetric tonic neck response (imposed) 
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Asymmetric tonic neck response (spontaneous) 
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reaction .  As for the spontaneous asymm etri c ton i c  neck react ion ,  th i s  
was the case u nt i l the s ixth assessment On ly 1 0°/0 of the i nfants d id  
not show any spontaneous asymmetric ton i c  neck response duri n g  
deve lopment About ha lf  o f  t h e  i nfants obtai ned a score 2 a t  s o m e  mo
ment duri n g  the fi rst months of l ife. 

The resu lts of the imposed asymm etric ton i c  neck reacti on were l argely 
dependent on the i nfant's amount of activity. On ly at the secon d  and 
th i rd assessment a positive react ion cou l d  be  obtai ned i n  more than  
80o/0 of the i nfants. The decrease of th is  percentage cou l d  b e  ascribed 
to the i nfant 's i ncreas i ng  active resistance to man ipu l at ion when g row
i n g  o lder; th is  may a lso exp l a i n  the l a rge vari ab i l ity of the scores from 
the fourth assessment onwards. I n  a sma l l  m i nority of easy go ing  i n
fants a posit ive response cou ld  be obta ined unti l the e i ghth assessment, 
i .e .  u nt i l  about 32 weeks of age. Spontaneous asymm etric ton i c  neck 
patterns  occurred duri n g  a m uch longer period  of tim e. 
One  th i rd of the i nfants showed i nconsistenc ies duri n g  the e l ic itation  of 
the asymm etric ton i c  neck react ion .  l t  is not surp ri s i ng  that i nconsi sten
c ies occurred more frequently in the asymmetric ton i c  neck react ions 
observed duri n g  spontaneous moti l i ty. There were no  d ifferences b e
tween boys and g i rl s .  For the i mposed and the spontaneous asymme
tr ic ton i c  neck react ion a s ign i fi cant rel ationsh ip  with a negative cor
rel at ion coeffi c ient was found  between the moment of the fi rst change 
and the length of the deve lopmental range (r = -.520 and r = -.51 0 ,  
p < 0.01 , respectively) .  
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The relationsh ip  between the d isso l ution  of the spontaneous asymme
tric ton ic  neck response and the onset of development of coord i nat ion 
of the upper extremit ies h as been d i scussed above (page 58) . 

At fi rst g lance there seems to be a resemb lance between the asymm e
tri c ton i c  neck reacti on observed i n  i nfants and the asymmetri c ton i c  
neck refl ex as described i n  neuro log ical  patients and as known from 
an ima l  experiments. Nevertheless Magnus and De Kleyn d id  not con
s ider the i nfanti l e  reaction  as an equ iva l ent of the patho log ica l  react ion 
(cited by Vassel l a  and Karl sson ,  1 962) . Vassel l a  and Karlsson stud ied 
the response i n  the newborn period ;  taki ng  i nto accou nt the criteria for 
the specific ity of the motor pattern and its cons istent occurrence, they 
concluded that a true asymmetric ton i c  neck reflex such as descri bed by 
Magnus and De Kleyn occurred on ly i n  about 8°/0 of newborns. Ge
se l l  reported that the response is frequently found between the second 
and fou rth month of l i fe, but he  did not report his methods of standar
d ization  and operationa l izat ion (Gese l l  and Amatruda (1 947)) . Pai ne  
( 1 964) pa id  attenti on to  the vari ab i l ity o f  the response;  i n  h i s  op in ion  
the response occurs i nconsistently i n  the  newborn period and reaches 
its peak frequency duri ng  the second ,  th i rd and fourth months of l ife . 
Yet it is not c l ear wh i ch type of asymmetric neck react ion he had i n  
m ind .  A s  he ta lked about spontaneous postures i n  t h e  crib ,  i t  may b e  
assumed that he  m eant t h e  spontaneous asymmetri c ton ic  neck res
ponse on ly. 
In the p resent g roup of low risk i nfants a stereotyped response which 
cannot be counteracted by spontaneous moti l iy and such as i s  observ
ed in patho log ica l  cond it ions ,  was not found .  The asymmetric ton ic  
n�ck react ion found i n  these i nfants, was characterized by a large vari
abi l ity of the pattern and by an interference by spontaneous mot i l ity. 
Th is  i l l ustrates aga in  the fact that variab i l ity and stereotypy can be con
s idered as the characteristics which determ ine  the si gn if icance of a 
response. 

Palmar g rasp reflex 

Procedure: The i nfant was i n  sup ine  positi on  with h i s  head centered. 
The exam iner i nserted his i ndex fi nger i nto the palm of the infant, start
i n g  from the u lnar  s ide of the hand .  The response cons isted of a ton i c  
f lex ion of the fin gers around the stimu l ati ng  fi nger  (see a lso Prechtl 
and Bei ntema, 1 964) . State 3 or  4. 

Recording: 
.0 No immediate synchronous ton ic  f lexion of the i nfant's fin gers 

around the sti m u l at ing fi nger. Exp loratory movements of hand and 
fi ngers around the sti m ul us  eventua l ly resulti n g  i n  g rasp i n g  were 
a lso scored under this head i ng. 

1 .  A weak, often not long  susta ined ,  ton i c  f lex ion of the i nfant' s fi ngers 
around the stim u lati ng  fi nger. Repeated f lexion/extens ion m ove
ments of the i nfant's fi ngers around the stimu l ati ng  fi nger were a l so 
scored. 

2.  Evident, sustained ton i c  f lex ion of the i nfant's fi ngers around the 
stimu lus .  
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The pa lmar  g rasp reflex cons ists of a tacti l e  and a p ropri oceptive affe
rent part. lt may be assum ed that i n  scores 1 and 2 both afferent p ath
ways are in fu l l  operat ion .  l t  i s  l i kely that in score 0 the p roprioceptive 
part is operative to a l esser degree. I ncreased pressure on the i nfant' s 
pa lm ,  for i nstance duri ng  traction ,  d id  not i ntensify the response as 
happened in the case of scores 1 and 2. On  the contrary m ere tacti l e  
sti m u l ati on  was  often fol lowed by  some variab le  f lexion  o f  the fin gers 
and/or exp loratory f lexion/extensi on m ovements of the fi ngers or even 
withdrawal .  l t  was concl uded that tacti l e  stimu l at ion d id  not re_su l t  i n  a 
pa lmar g rasp reflex but  i n  vo l untary behaviou r. For th is  reason score 
0 was cons idered to refl ect absence of the reflex for both types of af
ferent i nput. 

A score 1 was regarded as refi E?ctin g  the fi rst change of the response, 
wh i l e  a score 0 denotates the d i ssol ution  of the pa lmar  g rasp refl ex 
(fi na l  change) .  

Palmar grasp 

1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 1 7  18 19 20 21 22 23 24 
exam. 

Fig.  29 
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The p redict ion band of the developmental cou rse of the pa lmar grasp 
refl ex is  p resented in figu re 29. In 80o/0 of the i n fants the deve lop
m ental range was found between 1 6  and 40 weeks of age. At the s ixth 
assessm ent, i .e. at about 24 weeks of age 24o/0 of the i nfants sti l l  ob-: 
tained a score 2. From the seventh assessment onwards the number 9f 
negative scores i ncreased rap id ly. 

· 

I n cons istencies were found  i n  24o/0 of the i nfants, without differences 
between boys and g i rl s .  Boys and g i rl s  d id  not d iffer with respect to 
the t ime of onset of the fi rst change, the fi na l  change, o r  the length of 
the deve lopmental range. 
A negative relationsh ip  was found ,  though with a l ow correl at ion coef
fic ient (r = - .436,p < 0.01 ) between the fi rst change and the develop
m ental ran ge. At the same tim e  a rel ationsh ip  between the fi rst and the 
fi na l  change was observed ,  a lso with a l ow correl at ion coeffcient (r = 

.375, p < 0.01 ) .  There was a c loser relationsh ip  between the develop
m ental range  and the fina l  change of the pa lmar  g rasp refl ex (r = .665, 
p < 0.01 ) .  lt is not easy to exp la in  th is  p attern of rel ationsh ips .  In some 
infants the moment of the comp lete d issol ution  of the refl ex seems to  
b e  more or  l ess fixed, i rrespective of the mom ent of the fi rst appearance 
of the development;  th is  i s  ref lected by the rel ationsh ips  between the 
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developmental range and the fi na l  fi rst changes respectively. I n  other 
infants the t ime needed for the d isso l ut ion of the refl ex seems to be 
p reprogrammed ,  as i l l ustrated by the rel ati onsh ip  between the fi rst and 
fi na l  changes. Th is  comb inati on of relationsh ips  i l l ustrates the p rob lems 
of  operationa l ization  of the  fi na l  change of  the  response, i n  part icu lar. 
As was imp l i ed in the descript ion of the scores, with i ncreas ing  age 
and deve lopment it  becomes i ncreasi ng ly d ifficu lt to d isti n gu ish  the res
ponse from vo l untary grasp i ng  behaviour. Thus  the amount of active 
vol untary behaviour, whi ch varies i ntra- and i nter- i nd ividua l ly may affect 
the developmental course of the response differenti al ly. 

In the paragraph dea l i ng  with the developmental course of vo l untary 
g rasp ing, its rel ationsh ip  with the pa lmar  grasp reflex has been d iscus
sed. Also the rel ationsh ips with walki n g  and stand ing  h ave been men
t ioned before. 

The pa lmar  g rasp refl ex i l l u strates the confus ion which may arise if de
fi n it ions and operati ona l i zations  are not congruent. 
Halverson ( 1 940) d isti ngu i shed two aspects of the refl ex, which was 
confi rmed by Andre-Thomas and St. Anne Dargassies ( 1 952) who men
t ioned an  exteroceptive and a ton ic  p roprioceptive refl ex as two sepa
rate m otor phenomena.  The exteroceptive refl ex wou l d  d isappear duri n g  
t h e  fi rst m onths o f  l i fe, wh i l e  t h e  p roprioceptive refl ex wou l d  pers ist u n
ti l the end of the fi rst year. Koupern i k  and Dai l ly are of the same op in ion  
(Koupern i k  and Da i l ly, 1 968). Poeck (1 968) stated that the  pa lmar  grasp 
ref lex can be regarded as comparab le to the grasp i ng  reflex found  i n  
adu l t  b rai ndamaged pat ients. H is  argumentation  i s  based on  the find
ing that the sti mu l us qua l ity i s  rather unspecifi c as in  the case of 
adu lt patients ; he  observed merely d ifferences i n  l atency time i n  con
necti on with various types of stimu l at ions .  Twitchel l ( 1 970) described 
the development of grasp ing  and the palmar g rasp refl ex comp letely 
in terms derived from adult  patho logy. In h i s  vi ew the i nfant's g rasp ing  
behaviour  cons ists of  a comb inat ion of refl exes wh ich  can  be e l ic ited 
from various areas of the hands and fi n gers .  To accou nt for these re
fl exes he draws upon Denny-Brown's work which deals with neuro log i 
cal ly impa i red adu lts and laboratory experiments with  (adu lt) monkeys 
(Seyffarth and Denny-Brown (1 948)). I n  Twitchel l ' s  descri pt ion of what 
he  cal l s  the "pa lmar  grasp reflex" one does not recogn ize the pa lmar 
g rasp reflex as shown i n  Prechtl ' s  fi l m  ( 1 953) and described by Prechtl 
and Beintema (1 964). Here the pa lmar  g rasp reflex i s  a motor pheno
menon in which the who le  hand and arm part ic ipate and which i s  evi
dently b ased on a comp lex i ntegrat ion of bra in  mechan isms (i nc lud i ng  
postural mechan isms and state organ ization) ,  t o  a l a rger degree than 
wou ld  be  congruous with mere hand- and fi nger-reflexes. Twitche l l ' s  
d iscussion  o f  the development o f  g raspi n g  and  graspi n g  refl exes i s  an  
examp le  o f  the d ifficu lt ies wh i ch  ar ise if one does not consider the 
specif ic p roperties of the i nfant' s nervous  system ,  which i s  fun damen
tal ly d i fferent from the nervous  system of the (b rai n i nj u red) adu lt . 
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When the pa lmar g rasp refl ex i s  seen  as an i nfanti l e  p henomenon,  it i s  
extremely d ifficu l t  to  make a c lear d i st in ct ion between the various  cau
sa l  mechan isms ;  one m ust confine  oneself to the appreciati on  of the c l i 
n ical response as such .  Duri n g  development, the b ra i n  m echan isms 
wh i ch are respons ib le  for the reaction g radua l ly become i ncorporated 
i n  qua l i tatively d i fferent m echan isms,  which in thei r turn are reflected 
by the development of the i nfants' ab i l i t ies . A d ist inct ion of mechan isms 
m ade on the bas is  of an imal experi ments and fi nd i ngs in  adu l t  p at ients 
is artific ia l  and even fal lac ious.  In these i nstances qua l i tatively d ifferent 
m echan isms are operative, on the one  hand due to the d ifferent degree 
of m aturation  of the b ra i n ,  and on the other  hand to the damage.  A 
hea lthy i nfant is never comparab le  with a b rai n-damaged adu lt . 
In the p resent study a p ragmat ic  operati ona l i zation  of the pa lmar  g rasp 
ref lex was app l ied and a specif ic developmental course  cou l d  be  de
fi ned which perm its a cl i n i ca l  appreciation  of deviations .  

Reaction to push against the shoulder during sitting 

Procedure: Th is  test assesses ba lance du ri n g  s i tt in g  posit ion. The 
exam iner gave a gentle s ideward push aga inst the i nfant's shou lder 
wh i l e  he  was s itti ng  free. The ab i l ity of the i nfant to rema in  i n  s itti n g  
posit ion was recorded. State 3 or  4 .  

Recording: 

0. The i nfant was not ab le  to s it unsupported. 
1 .  The i nfant fel l  aside i f  p ushed agai nst the shou lder. 
2 .  The i nfant p l aced h i s  a rms s i dewards i n  o rder to support h i m self b ut 

h e  d id  not succeed and topp led over. 
3. The i nfant remained s ittin g  when pushed aga inst the shou lder, ef

fectively us i ng  h i s  arm for support .  

Cll g ('1) 

Scores 1 and 3 were regarded to refl ect the fi rst change and the fina l  
change respectively. 

Reaction to push against shoulder durip.g sitting 
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The p redict ion b and  fo r th i s  ba lance behaviour  is presented i n  fi gure 30. 
A score 3 can be regarded as refl ecti ng  wel l  developed ba lance duri ng  
s itti ng .  Th is  score was obta ined by  about ha l f  o f  t he  infants a t  about 45 
weeks of age ;  more than 80o/0 of the i nfants showed a good ba lance 
on ly at the age of one year. One i nfant d id  not show any supporti ng  
react ion o f  t he  arm when fa l l i n g  s idewards before t he  1 6th assessment, 
i . e .  at the age of about 64 weeks . There were on ly a few i ncons isten
cies in the responses of th is test. D ifferences between boys and g i rl s  
with respect to  t he  moments o f  the fi rst changes, t he  fi na l  changes,  the 
lengths of the developmental ranges and the number of i nconsistenci es 
were not found .  A relationsh ip  was found between the moment of the 
fi na l  change and the length of the developmental range (r = . 628, 
p < 0.01 ) ; a negative rel ationsh ip  was found between the mom ent of 
the fi rst change and the length of the developmental range (r  = - .531 , 
p < 0.01 ). Th is  suggests that the moment of stab i l i zation  is more o r  l ess 
f ixed i n  t ime.  l t  reflects the time course duri ng  wh ich the i ntegration  of 
b ra in  m echan isms ,  needed for th i s  motor funct ion (cerebe l l a r  and b ra in  
stem d ifferentiati on  and integration) takes p lace. Andre-Thomas cons id
ered the response ma in ly as an acqu i red reaction ach ieved after repeat
edly fal l i ng  s idewards and resu l t ing from the frequent use of the arms 
for support i n  other positi ons as we l l  (Andre-Thomas and St.  Anne Dar
gassies ,  1 952) . 
As the response to push aga inst the shou lder was tested on ly when 
the i nfants were able to s it  free for some seconds ,  i t  cannot be  consi
dered as i dentical wi th the l ateral supporti n g  reaction .  The l atter i s  de
fi ned as a supporti ng  extens ion of the arm and a s ideward p l aci n g  of 
the outstretched hand when the i nfant is pushed s idewards,  i rrespective 
of h i s  abi l ity to s it, and various authors report it as occurri ng  earl ier 
than the test described i n  th i s  sect ion .  
Comparison of the p redict ion bands for the duration of sitti n g  and the 
response to push aga inst the shou lder (fi g .  20 and 30) shows a conside
rab le  conform ity of shape and length.  I n deed most of the i nfants who 
had ach ieved the ab i l i ty to sit for just a few seconds ,  tended to topp l e  
over without us i ng  hands o r  arms for support when pushed agai nst the 
shou lder, wh i l e  para l l e l to the i ncrease of duration of s itti n g  the res
ponse to push aga inst the shou lder improved . Thus one m i ght say that 
the p resent test i ndi cates the qual ity of s itti ng  i n  terms of ba lance, ra
ther than dea l i ng  with a l atera l supporti ng  react ion which m ight p recede 
the ab i l ity to sit unsupported, and wh ich can be regarded as reflecti ng  
on ly one constituent part o f  sitti n g  ba lance. 

The rel ationsh ips between · th i s  ba l ance react ion and the development 
of observed or  i nduced motor activity such as sitti ng ,  ro l l i n g ,  stand ing ,  
walk i ng  and  behaviour  i n  p rone positi on ,  h ave a l ready been  d i scussed . 
There was a c lose rel ationsh ip  with the other ba l ance react ion duri n g  
s itting ,  i .e .  t h e  ab i l ity t o  fo l low an  object with eyes, head a n d  trunk  (r's 
rang ing  from .577 to .628, p < 0.01 ) .  
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Fol lowing of an object with the eyes and. rotation  of the head and 
trunk when sitting 

Procedure: The exam iner m oved an  i n terest in g  toy around  the s i tti l') g  
i nfant, encourag ing  h im  t o  l o o k  a t  it. T h e  a n g l e  over which t h e  i nfant 
cou ld  rotate without - los i ng  ba lance was recorded. 
State 3 or 4. 

Recording: 
0. The i nfant was not ab le  to s it  without support. 
1 .  The i nfant was not ab le  to watch the object without l os i n g  ba lance.  
2 .  The i nfant was ab le  to watch the object over c .  30 degrees to both 

s ides. 

Cl> 

3. The i nfant was ab le  to watch the object over c. 60 degrees to both 
s ides.  

4 .  The i nfant was ab le to watch the object over c .  90 degrees to both 
s ides. 

Scores 2 and 4 were consi dered to refl ect the moments of the fi rst and 
fina l  changes respectively. 

Visual following of an object with head and trunk, sitting 

� 
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The p red ict ion b a n d  for t h i s  ab i l i ty i s  p resented i n  fi gure 31 . l t  i s  evi
dent that the ab i l ity to rotate without l oos i ng  ba l ance develops rap idly. 
One  i nfant was not ab l e  to watch the object without los ing  ba lance unti l 
the s ixteenth assessment, i .e .  unt i l  about 64 weeks of a ge.  Th i s  
s a m e  i nfant was a lso not ab l e  t o  keep h i s  b alance after be i n g  pushed 
aga inst the shou lder. Obvious ly the development of ba lance was retard
ed i n  th is  i n fant. A good ba lan ce dur ing  s itti n g  was found  i n  more 
than 80o/0 of the i nfants at the age of one year. Th i s  corroborates the 
find i ng  that i n  the majority of the i nfants of the p resent g roup  stab le  
and  mature s i tt i n g  had developed a t  about one year of age. Sti l l  the va
riation  range  was l arge and amounted to about six months .  

I ncons istenc ies were observed i n  a m inority of the i nfants, i n  the g i rl s  
s l i ght ly more often than i n  the boys. Th is  d ifference was not stat ist i
cal ly s ign i fi cant (Mann-Whitney U Test), nei ther  were there s ign i fi cant 
d ifferences between boys and g i rl s  as for the moment of the first 
change, the fina l  ch ange or the l en gth of the deve lopmental ran ge. 
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There was a negative rel ationsh ip  between the moment of the fi rst 
change and the length of the developmental range (r = -.565, 
p < 0.01 ) , as was the case with the i tem response to push aga inst the 
shou lder. There was a s ign ificant re lationsh ip  between the moments 
of the fi rst and fi na l  changes (r = .591 , p < 0.01 ) wh ich was not found  
i n  t he  case of  item response to  push aga inst t he  shou lder. Th is  
means  that to  a certai n  degree the  amount of  t ime needed for the de
velopment of this motor ab i l ity i s  fixed.  The rel ationsh ips with other 
items h ave been d i scussed before. 

Optical placing reaction  of the hands 
Procedure: The i nfant was kept i n  prone suspension and suddenly 
lowered towards a f lat surface. The movements of arms and hands 
were recorded. State 3 or  4 .  
The response cons isted of a fo rward extens ion of the arm s  and open i ng  
and dors if lexion o f  the hands  on approach i ng  t he  surface. 

Recording: 
0. No forward extens ion of the arms and/or open i ng  of the hands .  
1 .  Forward extens ion of the arms ;  open i ng  of the hands and dorsi

f lex ion of the wrists occurred on ly on touch i ng  the surface. 
2 .  Forward extens ion of the arms and openi ng  and dorsifl ex ion of the 

hands dur ing the downward movement. 
Scores 1 and 2 were regarded to reflect the moments of fi rst and fi na l  
changes respectively. 

Optical placing reaction of the hands 

Vl 
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Fig .  32 

The p redict ion band fo r the optical p laci ng  react ion of the hands i s  
presented i n  fi gure 32 .  The  reacti on showed a rap id  developmental 
course from the ei ghth assessment onwards ;  about ha lf  of the i nfants 
d isp layed a weak response at the e ighth assessment and two th i rds 
of them showed a fu l l  response at the tenth assessment, i .e. at about 
40 weeks of age. The variati on  range for the total g roup was l a rge;  i t  
depended on  a smal l  m inority of i nfants who, with regard to the devel
opment of th is  response, were very early and very l ate respectively. 
I ncons istencies occurred in a m i nority of i nfants. There were no stat is
t ica l ly s ign ifi cant d ifferences between boys and g i rl s  with respect to 
the moments of the fi rst changes ,  the fi na l  changes, the lengths of the 
developmental ranges or  the occurrence of i ncons istencies.  There was 
no relationsh ip  between the moment of the fi rst change and the length 
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of the developmental range ;  the moment of the fi rst change does not 
p red ict the amount of tim e  needed to develop a m ature response. 
Sti l l ,  the fina l  change and the developmental ran ge were closely relat
ed (r = . 745) . This imp l ies that the moment of fina l  stab i l i zation  is ra
ther fixed i n  t ime, wh ich m ay refl ect the sensorimotor m aturation need
ed for v isua l  p laci ng .  Andre-Thomas cons idered the response as an 
acqu i red react ion and even �ostulated i t  as a man ifestat ion of mental 
deve lopment (Andre-Thomas and Saint Anne Dargassies ,  1 952) , wh ich 
can never be  exp l ai ned by the present fi nd ings .  
There was a statist ical ly s ign ificant rel ationsh ip  (r = .483, p < 0.01 ) 
between the fu l l  estab l i shment of the optical  p l acin g  react ion of the 
hands and the fi rst appearance of the parachute react ion of the h ands .  
There was no s ign ifi cant relationsh ip  between the fi rst changes of both 
react ions ,  wh i l e  the corre lat ion coefficient for the relati on  b etween the 
fi na l  changes was a lso .483. With a view to the s im i l arity of the two 
react ion types a rel at ion cou l d  be expected ;  sti l l  the corre lat ion coef
f ic ients are l ow, so that the response of the one react ion can not be re
garded as ind icative or p redictive of the response of the other (see a lso 
the next section) .  

Parachute reaction of arms and h ands i n  prone s uspension 

Procedure: The i nfant he ld  i n  p rone suspension was sudden ly  arop
ped a few centim eters , visua l  contro l  not be ing  perm itted. As b l i n dfo ld i ng  
the i n fants wou l d  i m p ly a d isturbance of an  adequate behaviou ral state, 
e l im ination of v isua l  contro l was b rought about by drawing  the i nfant's 
attention  to an i nteresti n g  toy, d isp layed i n  front and a l ittle above h im .  
I n  t h i s  way it was poss ib le  to  standardize t he  head position  and conse
quently the i nf luence of the posit ion of the head on  the m usc le tone  
activity o f  t he  arms .  State 3 o r  4. A positive response cons isted o f  a 
forward extens ion of the arms and dors if lex ion and open i ng  of the 
hands duri ng  the movement. 

Recording: 
0. No forward extens ion of the arm and/or open i n g  of the hands.  
1 .  S l ight forward extens ion of the arms ,  occasiona l ly fo l l owed by ope

n i n g  of the h an ds .  
2 .  Evident forward extens ion of the  arms ,  accom pan ied by open i n g  of  

the hands .  
Scores 1 and 2 were regarded to reflect the fi rst and fina l  changes res
pectively. 

2 
Cll 1 t'"l � 0  � 

Parachute reaction 
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The p redict ion band fo r the parachute react ion is presented i n  fi gure 
33. Compari son with fi gu re 32 shows a l ater appearance and a more 
p rotracted developmenta l  course as the ma in  d i fferences between the 
parachute react ion and optical p lac i ng  of the hands. The i rregu lar shape 
of the end of the p redict ion band i s  caused by the decrease of the num
ber of infants i n  the g roup at the end of the period of study. I n  many 
i nfants one or  more i ncons istenc ies were found ;  i n  the g i rls  s l ig htly 
more often than in the boys . Statistica l ly this d ifference reached a 5°/o 
l evel of confidence (Mann-Wh itney U test) . Th is  was a lso the case with 
the length of the developmental range, which was s l i ghtly l onger in the 
g i rls .  A statistica l ly s ign if icant relati onsh ip  was found between the f i
na l  change and the developmental range (r = . 67 1 , p < 0.0 1 ) and be
tween the moments of fi rst and fi n al changes (r = . 62 1 , p < 0.01 ) .  
Thus one cannot assume either a fixed end of  the  developmental cour
se o r  a fixed amount of time needed for the development of th i s  item , 
as both may occur i n  each i nd iv idua l  i nfant. There was a s ign if icant 
rel at ionsh i p  between the l ength of the developmental range and the 
number of i ncons istencies (r = .648, p < 0.0 1 )  (Spearman Rank Cor
relation) ,  which may reflect the p rob lem of operati ona l ization  and 
standard izatio n ;  i t  m i ght a lso be considered as an i l l ustrat ion of the  
stra in  on the  nervous system when th is  m otor organ ization develops,  
i .e. when neurona l  responses to a particu l ar stimu l us are i ntegrated i nto 
one recogn izable  and cons istent pattern. The ma in  d i fference between 
the e l i c itat ion of the opti cal p lacing  reaction and the parachute reaction 
as defi ned i n  the p resent study was the p resence of vi sua l  control in 
the former. The steerin g  i nfl uence of vi sua l  contro l  appears to affect 
the occurrence of arm extens ion duri ng  downward movement in p rone 
suspens ion  cons i derab ly and i l l ustrates the rei nfo rc ing  effect of  vi sua l  
on vestibu lar  i nput. Pai ne ( 1 960) states that the parachute react ion i s  
p resent when  a baby o lder than ei ght or  n i ne  months i s  sudden ly d rop
ped towards a f lat surface. The mention i ng  of the surface, together 
with an i l l u strati n g  photograph i n  his paper, shows that he  deals with 
the opt ical  p lac ing  reaction of the hands ;  i f  th is is  ri ght the resu lts of 
the p resent study are in accordance with h i s  fi nd ings .  

Optical placing reaction of  the  feet 

Procedure: The exam iner kept the i nfant u nder the shou lders in ver
t ical suspension and moved h im  towards a f lat surface. The response 
consisted of an  extens ion of the legs on approach of the surface. State 
3 or 4. 

Recording: 
0. No extens ion of the legs on approach of the surface. 
1 .  S l i ght extens ion of the legs .  
2 .  Evident extens ion of the legs,  antic ipati ng  p l ac ing  of the feet. 
Scores 1 and 2 were cons idered to reflect fi rst and fi na l  changes res
pectively. 
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Optical placing reaction of the feet 
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age,months 

The p redict ion  band fo r th is  response i s  p resented i n  fi gure 34. Although 
some i nfants a l ready started to  show an evident extens ion  of the l egs 
at  about  40 weeks, ha l f  of them showed a comp lete response at  about 
one year of age ;  i n  more than 80°/0 of the infants the fi na l  change took 
p lace at about 60 weeks of age. A comparison of this p red ict ion b an d  
with that for the posture o f  t h e  l egs i n  vert ica l  suspens ion (fi g.  1 1 ) a n d  
with t h e  p redict ion  b a n d  for t h e  deve lopment o f  stand i ng  up  (fi g.  24) , 
shows that the fi rst changes of the opti ca l  p lac ing react ion of the feet 
and of stand ing  up occur in the same period when p redominantly sym
metrical mot i l ity of the l egs in vert ical  suspens ion is found .  In a l l  these 
i nstances symm etrical motor patterns are i nvo lved. Thi s  i l l u strates a 
typ i ca l  developmental p rocess of the nervous  system i n  wh ich ,  i n  vo
l untary m otor beh aviour, i nfanti l e  motor patterns are i n tegrated. 
I ncons istenc ies occurred i n  one th i rd of the i nfants, without an  evident 
sex d ifference. Neither were evident sex d ifferences observed with res
pect to the moments of the fi rst changes , fi na l  changes or lengths of 
developmental ran ges. There was a c lose rel at ionsh ip  between the mo
ments of the fi rst aod the fina l  change (r  = .777) ,  whi l e  the rel ationsh ip  
between the moment of the fi na l  chan ge and the l ength of the develop
mental range  was appreci ably lower, though sti l l  s ign if icant (r = .505, 
p < 0.01 ) .  These rel ationsh ips  suggest that the amount of t im e  needed 
for the development of th i s  react ion i s  fixed , and that the m om ent of 
fi na l  stab i l i zation  can be  fixed i n  t ime as wel l .  
The length o f  t he  developmental range and t he  occurrence o f  i n cons is
tenc ies were a lso related (r = .559, p < 0.01 ). The rel ationsh ips with 
parameters of other  items have a l ready been d iscussed in p revious 
sections .  

Foo·tsole response 

Procedure: The footso le  response was e l i cited accord i ng  to Prechtl 
and Bei ntema ( 1 964). The i nfant's h i p ,  knee and foot were kept in a sem i
flexed posit ion and with h is thumbna i l  the exam iner scratched from 
the toes heelwards a long the l ateral s ide of the so le  of the foot. Th is  
part icu lar  d i rection of the  stimu l at ion is  necessary i n  o rder to  avo id  the  
e l ic itation  of a p lantar g rasp ref lex. Espec ial ly i n  o lder  infants i t  was 
often d ifficu l t  to avo id  a withdrawal response. For this reason the sti
mu l us i ntens ity was varied i nteri nd ividua l ly. The movements of the b i g  
toe a n d  t h e  s m a l l  toes a s  a react ion t o  t h e  stimu l at ion were recorded 
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separately. The test was carri ed out five t imes consecutively and the 
fi nal  score was b ased on  at l east th ree com parab le  movements of the 
toes. State 3 o r  4. 
Recording: 
0. No vis ib le  movement of the b i g  toe or the sma l l  toes, or a lternati ng  

dorsi- and p lantar-fl exion o f  t he  b i g  toe  o r  sma l l  toes. At  the end  of 
the fo l low-up  a consistent and sustai ned p lantar f lex ion of the b i g  
toe or  t he  sma l l  toes occurred on ly  i n  a m inority o f  t he  i nfants. I f  
p resent i t  was a l so  scored 0. I .  Weak, often not l ong  susta ined,  dorsifl exion of the b i g  toe and fan
n i ng  of the sma l l  toes. 

2 .  Evident, sustai ned dors ifl exion of the big toe and fann i ng  of the 
smal l  toes. 

A score 1 was regarded as the fi rst change of the response and a score 
0 as the fi na l  change. 

Footsole reflex 

1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24 exam. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1----r- 1 1 1 � -�  0 3 6 9 1 2  15 18 21 
age,months 

Fig.  35 

A prediction  band fo r the footso le  response of the b i g  toe i s  p resented 
in fi gure 35. l t  shows that the development of the footso le  response i s  
rather p rotracted .  The variation  range was l a rge, though more than 
90% of the i nfants showed an evident and susta i ned dorsifl ex ion of the 
big toe unt i l  the fifth assessment. I n  about one th i rd of the infants th is 
was sti l l  the case at the age of 40 weeks (1 Oth assessment) . At the same 
age 40% of the infants showed an unequ ivocal response (score 0). The 
i rregu lar shape of the p redict ion b and  and the fu l l  range demonstrate 
the occurrence of i ncons istencies. The tota l number of i ncons istencies 
was 79, d istri buted over 39 i nfants ; there was no d ifference between 
boys and g i rl s .  The smal l  toes showed an evident and susta ined fan
n i ng  and dors iflexion in more than 80% of the i nfants unti l the n i nth 
assessment, i .e .  unti l about 36 weeks. 24o/0 of the i nfants showed th is  
type of response unti l  the age of one year. A score 1 for the b i g  toe as 
wel l  as for the sma l l  toes cou l d  be found  dur ing the who le  period  of 
i nfancy. 
l t  was observed that a consensual  react ion ,  i . e . an identical and s imu l
taneous movement pattern of the toes of the opposite foot, occurred 
in more than 80o/0 of the i nfants between five and sixteen weeks of 
age. Subsequent ly a consensual  react ion was found in a rap i d ly decreas
i n g  percentage of the i nfants, but it cou l d  be  observed i n  a sma l l  m i
nority unt i l  the end of the fo l l ow-up study. 
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Attention shou l d  be pa id to the posit ion of the head duri n g  the e l i ci ta
t ion of the footso le response. In more than ha l f  of the i nfants the dors i 
fl exion was weaker on the s ide towards which the face was turned at 
any t ime between the second and the seventh assessment. The i nflu
ence exerted by the positi on  of the head was strongest at the age of 
about 1 6  weeks,  when this phenomenon was observed in three quarters 
of the i n fants. lt may be exp la ined by the effect of the asymmetric ton i c  
neck reaction (Walshe '23). 
A cons istent asymmetrica l  pattern , ma i n ly with regard to the moment 
of d isappearance of an evident dors ifl exion  such as reported by Babki n 
( 1 969) , was not found .  
There were no statistical ly s ign if icant d ifferences between boys and 
g i rl s ,  a l though i n  the g i rl s  the m ean length of the developmental ran ge 
was s l i ght ly more p rotracted than i n  the boys. Th i s  d i fference d id  not 
reach stati sti cal s ign ifi cance. The tim e  of onset of the fi rst change was 
negatively related to the l ength of the developmental range  (r  = -.551 , 
p < 0.01 ) ,  wh i l e  the final change and the deve lopmenta l  range were po
s itively related (r = . 679) .  Th i s  may be  exp l a ined by the fact that i n  
hea lthy i nfants, when bein g  h and led ,  vo l untary activity wi l l  be p rovoked, 
so that the sti mu l us may not only resu l t  i n  a footso le  response b ut in 
other movem ents a l so ,  wh ich ,  dependent on their i ntens ity, may b l u r  the 
actua l  response. 

A rel ationsh ip  was found between the time of onset of the fina l  change 
and the number of i ncons istenc ies (r  = .542, p < 0.01 ) .  Th is  i l l ustrates 
the p rob lem of defi n i ng  the moment of the l ast change unequ ivocal ly. 
There was no statist ical l y  s ign if icant rel ationsh i p  between the moments 
of the fi rst changes of the footso le  reflex and standi n g  or  walki ng  res
pectively, or between the lengths of the developmental ranges of these 
th ree items. 

There was a s i gn if icant rel ationsh ip  between the moment of the l ast 
change of the footso le  response and stand ing  free, though with a l ow 
correlation  coeffic ient (r = .409, p < 0.01 ) whi le the rel ationsh ip  with 
wa lk ing  free h ad a correl at ion  coeffic ient of r = .376 (p < 0.01 ) . 

Although these corre lat ion coeffic ients s i gna l  statist ica l  s i gn if icance 
they are so low that any i ndividua l  p redictive va l id ity, wh ich may be 
of c l i n i ca l  val ue  i s  p reclu ded. 
The rel ationsh ips  of the fina l  change of the footso le  response with the 
onset of the deve lopment of stand ing  u p  and walk ing  have been d is
cussed i n  the sections deal i ng  with these two items. 
Although phenotypi cal ly the dors if lex ion  type footso le  response in in
fancy resemb les the so-cal l ed Bab i nsk i  refl ex, the i nfanti l e  response 
has a d ifferent c l i n ica l  s i gn ifi cance. In  a c l i n i ca l  neu ro log ica l  conno
tat ion the Bab i nski ref lex cons ists of an iso lated dors ifl ex ion of the 
b ig  toe,  caused main ly by supranuc lear l es ions  of the Central Nervous  
System.  I n  the  p resent group iso lated dors iflexion of the b i g  toe occur-
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red rarely and i ncons istently. C l i n ica l ly, fann i ng  of the sma l l  toes, usu
al ly coup led with a dorsifl exion of the big toes and comparab l e  with 
the fann i ng  and dorsifl exion of the sma l l  toes in i nfancy, is known as 
the Babi nski 11 or S igne de l ' eventa i l .  Babi nski regarded this movement 
pattern of the sma l l  toes as being  a sign of probabi l ity in favour  of a 
d isturbance of the pyramida l  system (Bab inski 1 903 , rep ri nted by Wi l 
k ins and Brody, 1 967) and be long ing to the orig i na l  pattern , wh ich con
si sted of toe movements, knee fl exion and h ip fl exion on sti mu lat ion 
of the footso le. l t  wou ld  occur as a neurolog ical s ign  of a more exten
s ive l es ion of the b ra in .  Th i s  is  doubted by Grimby (1 963b), who assum
es that "the i nd iv idual  variations found i n  the patho log ical material 
are too m an ifo ld  to be ascribed so le ly to les ions of varyi ng degrees of 
severity" . He emphasizes that a lso in healthy i nd ivi dua ls  Bab inski type 
responses may be found ,  wh ich is  i n  accordance with the fi nd ings pu
b l ished by Madon ick ( 1 960) who reported an i ncidence of 4.3°/o Babi nski 
responses i n  a g roup of 2500 non-neuro log ica l  (adu lt) subjects. Bab inski 
h imse lf descri bed an extension of the b i g  toe and abduction of 
the toes in newborns and recogn ized its d ifferent c l i n i ca l  s ign if icance, 
com pared with the response as observed in adults ,  because in h i s  op i 
n ion  it reflected the immatu rity of the pyram ida l  tract. Sti l l ,  he used th is 
fi nd ing  to support his idea that "the toe phenomenon is related to a 
d isorder of the pyramida l  system" .  (Babi nski ,  1 903, repri nted by Wi l 
k ins and Brody, 1 967). Bra in  and Wi lk inson (1 959), i n  their  extensive 
review of the Babi nski refl ex, po i nted out that it i s  h i gh ly improbab le  
that a patho log ica l  and neuro l og ica l  s ign  wou l d  exist i n  hea lthy i nfants. 
Genera l ly  speak ing ,  a patho log ica l  sign is  characterized by a h igh  
amount of  stereotypy, wh i l e  variab i l i ty, i nc ludi n g  i ncons istency is cha
racteri stic of a hea lthy nervous system . 
With a view to the large amount of i ncons istencies and variab i l ity du
rin g  the developmental course of the footso le response duri ng  infancy, 
i ts m ust be emphas ized th at c l i n i ca l ly the i nfanti l e  footso le response 
cannot be regarded as a Babi nski in the adult  connotation .  

As  among others Kugel berg et  al (1 969) , G ri mby (1 963a, b) and Gassel 
( 1 970) have poi nted out, the phenotype of the toe movement (the dors i 
f lex ion and fann i ng  on the one hand and p l antar fl exion on the other 
h and) resu lts from a sh i fti ng  of ba lance between toe extensors and 
toe f lexors due to chang ing  suprasegmental i nfl uences. In a hea lthy i n
d iv idua l  the suprasegmental organ izat ion genera l ly  promotes a p l antar 
fl exion as a resu l t  of stimu lat ion of the sole of the foot, especi a l ly when 
this stimu lat ion i s  carri ed out at the latera l side of the sole (as Kugel
berg et al .  ( 1 960) and Grimby (1 963a) have shown,  the movement pattern 
of the b i g  toe is l a rgely dependent on the st imu lated s ide of the sole) .  
When the susprasegmental i nf luences are affected by a neuro log ica l  
d isease, a dorsif lex ion of the b ig toe may be p romoted. Duri ng early 
infancy dorsif lex ion of the big toe appears to be the usua l  (segmenta l) 
response to stimu l at ion of the sole of the foot ; the transit ion to the 
fl exor type responses (p lantar fl exion) or  a perfect ba l ance between 
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extensor  and f lexor activity (no vis ib le  movem ents of the toes , i .e. 
" i n different" react ion) reflects a mod ification of the suprasegmental i n 
fl uence on the sp ina l  mechan ism ,  resu lti ng  from the maturat ion of the  
cerebrosp i na l  m echan isms.  Th is  p rocess shou ld  not be  confused with 
that of a mod ification  of the suprasegmental i nfluences the other  way 
round  (i .e. from p l antar f lexion to dorsif lexion) due to a d isturbance of 
the cerebrosp ina l  o rgan izat ion .  

I n  c l i n ica l  neuro logy many other modes of stimu l at ion of the legs o r  
even o f  t he  body may resu lt i n  a dors if lexion of t he  b i g  toe. They are 
usua l ly  ascribed to an expans ion of the refl exogenic area of the foot
so le  response as such . Du ri n g  the fi rst seven or ei ght months of i nfan 
cy these responses can  a l so  be  observed i n  i n fants as was stated by 
Bra in  and Wi lk inson ( 1 959). I n  the .  p resent study Oppenhe im 's  response 
(rubb ing  the skin i n  a downward d i rection  resu lt i n g  in dors if lexion of 
the big toe) occurred in more than 80% of the i n fants u nt i l  about 32 
weeks . The response was often weak and rather i ncons istent. Chad
dock's response (rubb i ng  the ski n around  the extern a l  ank le resu lti n g  
i n  dorsif lexion o f  the b i g  toe) occurred i n  about 750/o o f  the i n fants u n
t i l  about 20 weeks of age ;  it cou l d  be  e l i cited i n  about 25°/o of the i n
fants u nti l the age of about 50 weeks. Espec ia l ly  dur ing the second  
h al f  o f  t he  fi rst year the response turned out to  be  i n creas i ng ly i nconsi s
tent. In about half of the i n fants a gent le downwards stroki n g  of the 
sk in of the i n ner surface of the th i gh resu lted i n  an evi dent dors iflexion 
of the b ig  toe and a dorsif lexion of the sma l l toes duri n g  the fi rst 20 
weeks. A weak non-susta ined dorsif lexion occurred i n  a m inority of 
i nfants u nt i l the end of the fi rst year. Rosso l imo' s  response (tapp i ng  the 
ba l l  of the fi rst toe resu l ti n g  i n  fann i n g  of the toes) was i n consistently 
p resent in about half of the i nfants duri n g  the fi rst 20 weeks. Sub
sequently the frequency of the response decreased rap id ly. Compara
b l e  resu lts were found  for the response of Mendei-Bechterew (gentle 
tappi n g  on the cubo id  bone of the foot resu l ti n g  i n  fann i n g  of the toes) . 

I n  a l l e  these responses m ovements of the b i g  toe were accompan ied 
by m ovements of the sma l l  toes. The i ncons istency and  variab i l i ty of  
the responses d ifferentiate them spectacu larl y  from the usua l ly  stereo
typed patho log ica l  cond ition .  One may agree with Ha lt 's conc lus ion  th at 
an extens ively en larged ref lexogeni c  area after the fi rst ha l f  year, and 
a persi stence of a dors iflex ion of the toes after the age of two years 
shou ld  b e  regarded as abnorma l  (Ho lt, 1 961 ) .  

Acoustical orienting 

Procedure: Whi l e  the i nfant was seated on the mother's  l ap ,  the exa
m iner  rang  a sma l l  nu rsery be l l  beh ind  the i nfant's head outs ide h i s  
visua l  fi e ld ,  on  t h e  l eft a n d  right s i d e  consecutively. Orienting  move
m ents of the i nfant's head try ing to loca l i ze the source of the sound ,  
were recorded. State 3 .  
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Recording: 
0. Diffuse react ion of the i nfant without evident oriented movements 

of the head. Some horizontal movements cou ld be observed. 
1 .  Tu rn i ng  the head towards the side of the stimu lat ion without i mme

d iate l ocal ization .  The movement consisted of two clearly d isti ngu ish
able parts : a lateral rotat ion of the head,  fol l owed by vert ical or 
ob l ique search ing  movements of the head.  

2 .  I mmed iate l ocal izat ion of the source of the sound in one smooth 
orienti ng  movement. 

Scores 1 and 2 were consi dered to refl ect fi rst and fi na l  changes res
pectively. 

Acoustical orienting 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
exam. I I I I I I I I I I I I I I I I I I I I I I I 

0 3 6 9 12 15 18 21 
Fig. 36 

age,months 

The developmenta l course of acoust ical  orienti ng  i s  p resented i n  fi gure 
36. The developmental course was rap id ;  50o/0 of the i nfants showed 
the onset of o rienti ng  at the age of about 20 weeks, wh i l e  half of the 
i nfants showed adequate orienti ng  at the age of 24 weeks ; 96°/0 of the 
i nfants l oca l ized the sound accurately at the age of about 32 weeks. 

I ncons istenc ies hard ly occurred. There were no diffen rences between 
boys and g i rl s .  The fi nd i ngs are in accordance with the data g iven by 
Koupern i k  and Dai l ly ( 1 968) and by Murphy (1 962) . Accurate orienti ng  
to  t he  l eft bei ng  preceded by  orienti n g  to  t he  ri ght, or v ice versa as  
found  by  Murphy was  not observed. 
There was a l ow but s ign ificant rel ationsh ip  between the moments of 
the fi rst and the fi na l  changes (r = .399, p < 0.01 ) ; the fi rst change and 
the developmental range were a lso related (with a negative corre lation  
coeffic ient :  r = -.395, p < 0 .01  ) ,  wh i l e  the c losest rel ationsh ip  was 
found  between the developmental range and the fina l  change (r = .685) . 
Th is  set of relationsh ips suggests th at i n  the majority of i nfants the m o
ment of stab i l ization  of the response is more or l ess fixed, i rrespective 
of the moment of the fi rst developmental man ifestat ion .  In other i n 
fants it  seems that it  i s  the amount of t ime needed fo r the  fu l l  devel
opment of acoustical orienti n g  which i s  more o r  l ess fixed . Sti l l ,  the 
l ow corre lat ion-coeffi ci ents show that only a sma l l p roport ion of the 
variance wh ich may occur in the g roup (r2) is expl ai ned by th is  re lat ion
ship .  Obvious ly the p redict ion of the developmental range of acoustical 
orienti ng  so lely on the basis of its fi rst appearance i s  hard ly feasi b le . 
Re lations with parameters of other items were not found .  
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The Moro reactio n  

Procedure: 

The Moro reaction  was e l i cited in three d ifferent ways : by headdrop ,  l i ft 
and h i t  on  the surface·, as descri bed by Prechtl and Be intem a  (1 964)� Ab
duction  and extens ion of the arms on the one hand ,  and flexion and 
adduct ion of  the arm s  on the other hand ,  were scored separately for 
a l l  the three m odes of e l icitat ion .  State 3 o r  4. 

Headdrop method, abduction/extension 

Recording: 

0. No reacti on .  
1 .  S l ight abduct ion/extens ion of the arms not surpassi ng  70° - 90° ex

tens ion  i n  the e lbow jo int and 45° abduct ion i n  the shou lder  jo int  
respectively. 

2 .  Evident abduction/extens ion  of the arm s  (more than 90° and 45° 
respectively) .  

3. Comp lete abducti on/extens ion of the arms (a score 3 d id  not occur 
in th is  g roup of i nfants). 

Headdrop method,  adduction/flexion 

Recording: 

0. No react ion .  
1 .  S l ight adduction/f lex ion of the arms .  
2 .  Evident adduct ion/flexion of the arms .  
3. Fu l l  adduct ion/flexion of  the a rms  (a  score 3 d i d  not occur i n  th i s  

g roup) .  

Lift method, abduction/extension 

Recording: 

0. No react ion .  
1 .  Extens ion and  spread ing  of the fin gers on ly. 
2 .  S l i ght abduct ion/extens ion of the arms, not exceedi n g  70° - 90° ex

tens i on  i n  the elbow jo int and 45° abduct ion i n  the shou l der jo i nt 
respectively. 

3. Fu l l  abduct ion/extens ion of the arms (a score 3 d i d  not occur i n  the 
g roup) .  

Lift method, adduction/flexion 

Recording: 

0. No react ion .  
1 .  S l i ght  adduct ion/flexion  of the arms .  
2 .  Evident adduction/flexion  of the arms.  
3 .  Comp lete adduct ion/flexion of the arms (a score 3 d id  not occur i n  

th is  g roup) .  
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H it method, abduction/extension 
Recording: 
0. No react ion .  
1 .  S l i ght abduction/extens ion of the arms ,  not exceed i n g  70° - 90° ex

tens ion  i n  the e lbow jo int and 45° abduction i n  the shou lder jo int  
respectively. 

2 .  Evident abduction/extens ion of the arm s  (more than 90° and 45° 
respectively) .  

3. Complete abduction/extens ion of  the arms (a score 3 d id  not occur 
i n  th is g roup of infants). 

H it method, adduction/flexion 

Recording: 
0. No reaction .  
1 .  SHght adduction/flex ion of the arms .  
2 .  Evident adduction/fl exion of the arms .  
3. Fast and ab rupt adduct ion/fl exion of  the  arms .  

The fast and abrupt adductionlflex ion of the arms  caused by a h it on the 
surface (score 3) was considered by McG raw (1 943) as the matu re 
phase of the Moro .  The difference with the s l i ght adduction/flex ion of 
the arms (coded as 1 ), is expressed by the speed of the movements and 
the i nvolvement of larger parts of the body i n  the movement pattern.  
The movement pattern, rep resented by a score 3 ,  showed a very h i gh  
speed compared with t he  gentle, smooth and rather s low adduction/ 
fl exion movement scored as 1 ;  moreover i n  the fast and abrupt move
ment virtual ly the whole body was i nvo lved, showing  a mass fl exion 
pattern with f lex ion of  the knees, h i ps ,  trunk, neck, fo rward movement 
of the shou lders etc. l t  c losely resembled the fri ght reaction  of the 
o lder ch i l d  and the adu lt for i nstance to a sudden no ise .  As it was not 
found in a l l  the i nfants and when found not cons istently present it cou ld  
not be  uti l ized as the  defi n ite fi na l  change of the response. I t s  poss ib le  
connection with the Moro react ion wi l l  be  d i scussed l ater. 

The scores defi ned as s l ig ht abduction/extens ion or adduction/flexion 
respectively were cons idered as the fi rst changes .  Absence of  the res
ponse or, in the case of the adduction/flexi on movements of the Mora
h i t, the absence, or  the p resence of fast and abrupt adduction/f lexi on 
movements ,  was consi dered as the fi na l  change.  
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The p redict ion bands for the Moro react ions are presented in fi gures 
37 to 42. The headdrop-Moro has a rap id  deve lopmental course com
pared with the l i ft-Mora .  In 78°/0 of the i nfants it had d isappeared at 
the age of about 20 weeks . Th is  can be attributed to the fact that dur
i ng  the fi rst months of l ife the i nfants became i ncreasi ng ly ab le  to 
keep the i r  neck muscles contracted,  and prevent a backward drop  of 
the head. Cowie's fi nd i ng  that in i nfants sufferi ng  from Down 's  d isease 
the headdrop-Moro can be e l ici ted much longer  than in norma l  i nfants, 
can be ascribed to the hypoton ia  of the Down-patients which i nval i 
dates an effi cient use of  the  neck musc les (Cowie, 1 970; Touwen, 
1 97 1  ) .  
The p redicti on  bands for the Moro el icited by the l ift method show that 
the reacti on may pers ist m uch longer than the headdrop m ethod wou l d  
suggest. Th is  i s  true for t he  abduction/extens ion components, as wel l  
a s  for the adduction/flexion  com ponents (fi g .  37-42) . A t  the seventh 
assessment (28 weeks of age) an evident abduction/extens ion was sti l l  
observed i n  20o/0 o f  t he  infants. At  the n i nth assessment ( i .e .  8 weeks 
l ater) a s l i gth abduct ion/extens ion pattern was sti l l  found in 20°/0 of the 
i nfants, wh i l e  1 2o/0 of the i nfants showed s l i ght but cons istent f inger
movements at the age of one year. 
Adduct ion/flexion  movements d isappeared earl i er, though twice as l ate 
as in the case of the headdrop-method.  
As the p redict ion band for the abducti on/extension  movements of the 
Moro e l icited by the h i t  method (fi g .  41 ) shows, the abduct ion/extens ion 
movements of th i s  type of Moro d isappear earl ier than those of the 
Mora- l i ft and l ater than those of the Moro-headdrop.  At the e ighth as
sessment (c. 33 weeks of age) 90°/0 of the i nfants showed a negative 
response.  
The p redict ion band for the adduction/f lex ion component of the Moro 
e l i c ited by the h it-method (fi g .  42) shows a d ifferent shape due to the 
occurrence of the fast adduction/fl exion m ovements . About one th i rd of 
the i nfants showed these fast movements at the s ixth assessment (i .e .  
25 weeks of age) ;  the peak frequency occurred between the ei ghth and 
tenth assessment. Subsequently the ir  frequency decreased s lowly. 
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I n  the three types of e l i citat ion of the Moro response the number  of i n
cons istencies varied cons iderab ly. The i r  frequency was h i ghest i n  the 
l i ft-Moro and the h it-Moro .  The number of i nconsistenc ies appeared to 
i ncrease i n  accordance with the i ncrease of the length of the develop
mental range (r' s rang ing  from .37 1 to .594, p < 0.01 ) .  

I n  the case of the l i ft-Moro and the h i t-Moro statistical ly s i gn if icant re
l ationsh ips  were found (with a negative corre lat ion  coeffi c ient) between 
the fi rst change and the developmental range (r = -.478 and -.668 
respectively, p < 0.01 ). Moreover a s i gn if icant relationsh ip  was found  
between the fi na l  change and the developmental range (r = .646 and 
.636, p < 0 .0 1  respectively) .  Th is  suggests that  the moment  of the  fi na l  
change i s  rather fixed in tim e. 

There were no cons istent d i fferences between the boys and the g i rl s ,  
except for the occurrence of i ncons istencies i n  the Moro e l ic ited by  the  
l i ft m ethod ;  these were found  more often i n  t he  boys than  i n  t he  g i rl s  
(Mann-Whitney U test ,  p < 0.01 ) .  Th is  m ay be attributed t o  counteract
i ng  vo l u ntary m otor activity, often more p revalent i n  the boys than i n  
the g i rl s .  
System at ic rel at i onsh ips  between the th ree modes of  e l i citat ion  of  the  
Moro react ion were looked fo r. They were found on ly with respect to 
the fi na l  change.  As these relationsh ips  vari ed in the case of boys and 
g i rls ,  they h ave to be dea l t  with separately. 

In the gi rl s  there was a s ign ifi cant rel ationsh ip  between the abduct ion/ 
extens ion components of the Moro el i ci ted by the l ift method and those 
of the h it m ethod (r  = .591 , p < 0.01 ) .  They a l so showed a s i gn if icant 
rel at ionsh ip  between the adduct ion/fl exion  components of the Moro 
e l icited by the headdrop m ethod and h i t  m ethod and those of the l i ft 
m ethod and h it method (r = .569 r = .906 respective ly) . Both boys 
and g i rl s  showed a s ign ificant rel ationsh ip  between the adduction/ 
f lex ion component of the Moro e l i cited by the headdrop m ethod and 
that of the l i ft m ethod (r = .564 and r = .742 respectively). 

With i n  one mode of e l ic itat ion ,  s ign if icant rel ationsh ips  were found  be
tween the abduction/extens ion component and adduction/f lex ion com
ponent with corre lat ion-coeffic ients rang i ng from r = .508 to r = .9 1 4. 
Usua l ly the corre lat ion-coeffic ients were a l ittle h i g her i n  the case of 
the g i rl s ,  wh i l e  in the case of the boys no relat ionsh ip  was found  be
tween  the two patterns of the Moro e l ic ited by the l ift m ethod .  

No s i gn ifi cant relationsh ips  were found  between the fi rst changes and 
the fina l  changes of the various Mora-reactions .  Neither were corre la
t ions found with any other item,  except fo r an i nexpl i cab le  set of nega
tive corre lat ions between the fi na l  change of the abduct ion/extension  
com ponent o f  the Moro e l ic ited by  t he  h eaddrop m ethod (wh ich shows 
the shortest developmental course) and items deal i n g  with s itti n g  (see 
Appendix D). 
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On the bas is of th is pattern of rel ati onsh ips two ma in  conc lus ions can 
be  d rawn . Fi rstly the development of the Moro react ion seems to be 
i ndependent of  the development of  other  items as rep resented i n  th i s  
study. Th is  is  demonstrated by the l ack  of  re lati onsh ips between the  
parameters of  the  Moro react ion ,  e l i cited by th ree methods,  and the 
parameters of the other i tems which are used to inventory the neuro lo
g i cal development in i nfancy. 
Second ly the th ree types of the Moro react ion (headdrop ,  l i ft and h i t  
on the su rface) are not i dent ical  as far as thei r developmental cou rse i s  
concerned. Th is may imp ly that they a re based on d ifferent bra in  mecha
nisms or  that thei r afferent i nput is  d ifferentia l .  The l atter hypothesis 
seems more p l aus ib le  as the phenotyp ical  express ion of the d ifferent 
components is s im i l a r  in a l l  the th ree methods of e l i citat ion ,  with the 
excepti on of the fast and abrupt adducti on/fl exion pattern e l i cited by a 
h i t  on the surface which is qua l i tatively different and  not found i n  al l the 
i nfants. 
Pei per' s  ( 1 963) and And re-Thomas' (And re-Thomas and Hanon ,  1 947) 
op in ions  d iffer with regard to the causal  mechan isms of the Moro .  Pei
per bel i eves that the Moro can ma in ly be ascribed to a vestib u l ar sti 
mu lation ,  wh i l e  And re-Thomas contends that a prop rioceptive i nput 
from the neck jo i nts i s  the ma in  source. Experi ments carri ed out by 
Prechtl (1 965) favour  Peiper 's op in ion .  If one tries to el ic it the Moro re
act ion by a "body-drop" wh i le  keep i ng  the i nfant's head posit ion un
changed ( i .e .  a reversa l  of the headdrop method) even i n  the newborn 
no Moro reacti on occurs .  A contradi ctory phenomenon was found by 
Karlsson ( 1 962 , cited by Prechtl , 1 965) , who observed an i nfant without 
l abyri nths, sti l l  showi ng a comp lete Moro reactio n ;  this can be exp la in 
ed by the argument that i f  vesti bu la r  afference i s  absent the neck 
p ropriocepsis "takes over" . 
Yet even th is need not be necessary because i n  th is case other re
ceptive fi e lds (e. g .  tacti le  receptors) are st imu l ated beside the neck 
p roprioceps is .  The ,body d rop" appl i ed to an i nfant with l abyri nth s 
does not resu l t  i n  a Moro react ion ; in th is  case the l abyri nths seem to 
be ma in ly repons ib le  fo r the react ion .  
As the Moro react ion can be e l i cited by headdrop and l ift method it 
seems obvious that the oto l i ths of the l abyri nths are the m ai n  receptors. 
Th is view i s  supported by the resu lts of the hit method.  Th is stim.u lus  
seems to be ma in ly of  a vib ratory ki nd ;  it i s  reg i stered by the oto l i ths 
and not by the sem ic i rcu lar  cana ls .  Th is  notion i s  founded on the fact 
that h itti ng  a ferro-concrete surface on which a baby is lyi ng  does not 
resu l t  i n  a Moro react ion wh i l e  a h i t  on fo r i nstance a wooden surface 
does so. V ibration  of wood can be i nduced rather easi ly, wh i l e  vib ration  
of a heavy ferro-concrete under- layer i s  p racti cal ly impossib l e. 
Accord i ng  to Parmelee ( 1 964) the stimu l i  have a d ifferenti a l  effect, i n
vo lvi ng  various afferent p athways ; he sti l l  does not share Peiper' s  or  
Andre-Thomas' views thorough ly. He  states merely that the  mode of 
e l i citation  determ i nes to a l arge extent whi ch afference is respons ib le  
for the resu lti ng  motor patterns .  
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lt i s  a lso contended frequent ly (fo r i nstance Pa ine ,  1 960; Koupern i k  and 
Da i l ly, 1 968) that the d ifferent modes of  el ic itation  of the Moro react ion 
merely vary the i ntensity of the response. Th is  reason i ng  seems to be 
too s imp l i st ic .  l t  is  worthwh i l e  aga in  to  pay attenti on to Cowie 's  ( 1 970) 
remarks on the d isso lut ion of the Moro when the headdrop m ethod i s  
app l ied i n  i nfants sufferi ng  from Down's  syndrome. Here i t  was not 
the i ntens i ty of the sti mu l us but the poss ib i l ity of app lyi ng  the stim u
l us  whi ch determ i ned the resu l t. 

lt i s  noteworthy that fl exi on of hands and fin gers ("fisti ng")  i nh i b its the 
Moro react ion cons i derab ly. Th is  i s  not so obvious in newborn infants 
in whom the e l ic itation  of the refl ex seems to overbear the i nhi b i t ing i n
fluence of f isti ng .  I n  o l der i nfants, especia l ly at the age of 2 - 4 months ,  
when spontaneous fisting  often occurs (together with a p ropensity to 
f lex ion posture of the arms and  body duri n g  l ifti ng) ,  th is  i n h i b iti ng  i n 
fl uence i s  m uch more evident and has to be recogn ized i n  o rder to  be 
ab le  to e l i c it  a p roper Moro react ion .  
Prechtl ' s  ( 1 965) demonstrat ion that a s l i ght pu l l  on the wri sts i nh i b its 
the abduct ion/extens ion of the Moro reacti on effectively in favou r  of 
the adducti on/fl exion  components (te leo log ica l ly  i mportant in the case 
of a you n g  monkey c l i ng i ng  to his mother wh i l e  she c l imbs trees) shou ld  
not be  confused with th i s  genera l i n h ib it ion of the two components of  
the Moro.  
Lamote de G rignon ( 1 955) mentioned th is  i n h i b iti ng  effect b ut d id  not 
counteract it before e l i c iti ng  the Moro response.  H i s  fi nd i ng  that h an d
and fi nger-movements as a part of the Moro react ion d isappear earl i er 
than arm- and shou lder-movements, can be attrib uted rather to h i s  
method o f  standard ization  t han  that it  wou ld  be characteri stic o f  the 
developmental course of the Moro react ion .  If one ensures that the i n 
fant' s hands  are open  dur ing t he  e l ic itation  o f  t he  Moro ,  hand- and  
fi nger-movements m ay be observed as the l ast man ifestat ion o f  t he  p re
sence of the response. 

Du ri n g  the developm ent of the Moro reacti on e l i ci ted by the h i t-method 
a fast and abrupt adduct ion/flex ion movement appeared as has b�en 
mentioned in the description  of the Moro responses. Th i s  happened 
from about the s ixth month onwards ,  though  not i n  a l l  the i nfants ; nei 
ther d i d  i t  appear  cons istently i n  i nd ividua l  i nfants. Sometimes the fast 
and ab rupt movements appeared after a comp lete d isso l ution  of the 
s low and smooth movements scored as 1 of 2 .  Th i s  movement type d i d  
no t  m erely cons ist o f  flex ion and adduct ion o f  t he  arm s  b ut i nvo lved 
the who le body. As stated before, i t  showed resemb lance to the fri ght 
react ion of o lder  ch i ld ren and adu lts, cons isti n g  of a mass f lexor-pat
tern i n  which the who le  body partakes. Phenotyp ica l ly  th i s  movement 
pattern i s  qu ite d i st inct fro m  the adduct ion/flexion component of the 
Moro reaction ;  th is  vi ew i s  supported by the l ack of any rel ationsh ip  
between its occurrence and any of the components of the Moro reac
t ion as el ici ted by the various methods.  

1 07 



The argument that it occurred on ly as a resu l t  of a h it on the surface 
was refuted by the report of several mothers ;  they stated that their i n 
fants, who showed th is reaction ,  d isp l ayed s im i l ar movement patterns 
on sudden fright. When McGraw (1 943) asserts that the abrupt and fast 
movement pattern is the " m atu re" phase of the Moro,  she confuses the 
actual  Moro, wh ich i s  a vesti bu lar  react ion ,  with fright react ions wh ich 
are of qu ite a d ifferent character. lt i s  not imposs ib le  that an acute 
fri ght-reaction  p rovokes a Moro reaction .  Th is  may be the case in very 
young  i nfants. The Moro react ion may then outstrip the ori g i na l  fri ght 
movement to such an  extent that the l atter i s  no longer recogn ized as a 
separate phenomenon .  One may contend that the fast adduction/ 
flexion  movements seen after the age of s ix months represent a mature 
fright react ion (i .e .  a response to rather a-specific  stimu l i ) .  The i n con
s istency of the i r  occurrence, i nter- as wel l as i ntra- i nd ividual ly, m ay be 
accounted for by the i nfant's adaptation to various k inds of no ises in 
h is envi ronment, and by d ifferences i n  i ntensity of the st imu l i  or  d iffe
rences in the state in wh ich the i nfant happens to be dur ing the stimu
lati on .  

The term "fright react ion" or  " fr ight movement" shou ld  not be confu
sed with the term " start le" wh ich has gradua l ly become the term with 
which mass-movement patterns occurri ng duri ng  s leep are described .  
Although possib ly i n  the very young i nfant s im i lar  mass-movement p at
terns m ay be caused by sudden st imu l i ,  which subsequently e l ic it  a 
Moro react ion ,  they may sti l l  not be cons idered as i dentical with the fast 
and abrupt fri ght movement occurri ng  at o lder ages. The l atter is a we l l  
organ ized fl exor motor pattern , wh i l e  t he  startl e o f  t he  newborn and 
very young  i nfant is more i rregu lar, not so wel l  organ ized and often 
cons iderab ly s lower. 
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Chapter X Group IV: Item s  with so m any i n consistent 
changes d urin g  the fol l ow-up period that 
a d efinite developmental sequence could  
n ot be estab l ished 

I n  th is  chapter those items wi l l  be d iscussed wh ich show evident 
changes duri n g  development, b ut for which the operationa l i zation  of the 
moment of the fina l  change turned out to be  very d iff icult .  This m ight 
b e  due to the fact that no stab le  phase was reach ed b efore the end 
of the fo l low-up study or  to the fact that the response, wh ich was ref lex 
i n  ori g i n ,  g radua l ly m erged i nto vol untary m ot i l i ty. 

The i tems are l i sted in Table  VI I I .  They are o rdered in subgroups for 
reasons of convenient p resentation .  When the defin it ion g iven for i n 
cons istencies i s  app l ied (see chapter 1 1) the items of th i s  g roup  are 
ch aracterized by a h i gh  frequency of rel apses i n  score i n  a l a rge num
ber  of the i nfants. However, as the deve lopmental sequence of these 
items cou l d  not a lways be  operationa l i zed adequately, i t  is doubtfu l 
whether the rel apses may be  cal l ed i ncons istencies,  as defin ed and ap
p l i ed i n  the p revious chapters. (Table VI I I ,  page 1 1 4) 
As a lso the moment of the fi na l  change and consequently the length 
of the developmental range usua l ly  cou ld  not be defi ned u nequ ivoca l ly  
the items of th is  group  were omitted from the analys is  of  the i nterrela
t ionsh ips .  

Observation of posture and motility 
Spontaneous posture of the h ands 

Procedure: The i nfant was put  i n  sup ine  position .  D uri ng the i n it ia l  
observat ion period  the p redom i nant spontaneous postu re of the hands 
was recorded. 
State 3 o r  4. Possib l e  scores were: hands closed o r  fisted, open hands 
and arbitrary o r  vo l untary postures without a p redom i nant pattern. 
Due to the amount of spontaneous mot i l ity and the rap i d  deve lopment 
of funct iona l  mot i l i ty of the hands i t  was d ifficu l t  to operationa l ize a 
rel i ab l e  fi na l  change. I n  the newborn period  the majority of the i nfants 
showed flex ion of the fin gers a lthough the i r hands were not t ight ly fisted.  
At the second assessment, however, i .e. at the age of about 5 weeks , two 
th i rds of the i nfants d isp layed t ight ly c losed h ands duri n g  the greater 
part of the observat ion period .  D u ri n g  the th i rd assessment, th i s  flexion 
posture was sti l l  p redomin ant  in  about ha l f  of the i nfants, b ut subse
q uent ly decreased rap i dly. The cJisappearance of th i s  f lexion posture of 
the h an ds p receded the fi rst decrease of i ntensity of the pa lmar  grasp 
reflex, occurring at about e ight or  n ine weeks. l t  was fol l owed by a 
phase duri nq  wh i ch the hands were ma i n ly open ,  o r  showed a ltern ati ng  
open ing  and  c los i ng  movements. These movements cou l d  ha rd ly be  
d istingu ished from arb itrary m ovements, a lthough t he  two pnases seem
ed not to be i dent ical .  As spontaneous g rasp i n g  beh aviou r  and goal-
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di rected moti l ity of arms and hands developed rap i d ly dur ing the same 
period ,  it seems probab l e  that the phases of open hands and/or a lter
nati ng open i ng  and c los ing  movements merge so rap id ly i nto the phase 
of vo luntary and goal-d i rected hand-moti l ity that they cannot be d i f
ferentiated, the frequency of the fo l l ow-up assessments of the p resent 
study taken i nto regard .  As fo r the development of the postu re of 
hands,  it is  noteworthy that between 4 and 1 0  weeks of age closed 
hands may be observed i n  many normal i nfants. The i nfl uence of fist
i ng  on the Moro react ions has been d iscussed i n  the paragraph deal
ing with the development of the l atter. 

Posture of head and tmnk during prone suspension (Landau) 

Th is i tem is dealt with under the head ing "observati on of posture and 
mot i l ity" because i t  cons ists of a motor phenomenon e l i cited by keep
i ng  the i nfant in a specifi c postu re without app lyi ng  a specific stimu
lus as is done in the case of the items described in the secti on Je
fl exes and responses" .  

Procedure: The  exami ner kept t he  i nfant i n  prone suspens ion ,  sup
porti ng  h im  under the thorax with one hand (see Prechtl and Bei ntema ,  
1 964) .  
State 3 a n d  4 .  T h e  posture o f  head a n d  trunk was described.  

Recording: 
0. The i nfant was not able to strai ghten his back ; his body and head 

hung  down l imp ly; an evident downward concavity of the sp ine  
cou l d  be  observed .  

1 .  The i nfant stra ightened h i s  back, but he was not ab l e  to  l i ft h i s  head 
suffici ently h igh  so that h i s  occ iput  wou l d  be i n  one l i ne  wi th  h i s  
sp i ne .  

2 .  The i nfant stra ightened h i s  back so that he kept head,  shou lders 
and pelvis in one hori zontal p lane.  

3. The i nfant l ifted head and pelvis so that he showed an upward in
curvat ion of h i s  spi ne .  

4. The i nfant l i fted h i s  head and pelvis and hyperextended h i s  sp ine  
so i ntens ively that an evident upwards concavity of the sp ine cou ld  
be observed (Landau) .  

Landau 
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The predict ion band for the scores fo r posture of head and trunk  dur
i ng  p rone suspens ion is p resented i n  fi gure 43. As a score 0 rep re
sents a hypoton ia  of neck and trunk muscu lature and normoton ia  was 
one of the selection criteria  fo r the p resent group ,  none of the i nfants of 
the samp le  obtai ned a score 0 at the newborn examinati on .  Neither was 
th i s  the case dur ing the course of development. Two i nfants obta ined a 
score 1 at the th i rd assessment. Duri ng  the fi rst and second assess
ments half of the infants obta ined a score 2 ,  but subsequently the m a
jori ty of i nfants obta i ned a score 2 or 3. Between the fifth and tenth 
assessment, i . e . between about 20 and 40 weeks of age, more than 70°/o 
of the infants d isp layed a strong  i ncurvati on · of the b ack, thus  obta i n i ng  
a score 4 .  After th e 40th week a score 2 occurred with i n creasi n g  fre
quency. Yet at the age of one year h al f  of the i nfants sti l l  showed a 
strong i n cu rvat ion of the sp ine  and about one th i rd of the i n fants who 
were sti l l  p resent in the study g roup ,  showed th is  posture unt i l  the end 
of the fo l l ow-up  period .  
The Landau can  be rei nfo rced by impos ing  passive hyperextens ion of 
the neck. If th is  was done between 24 and 40 weeks of age an evident 
extens ion of sp i ne, h ips and knees was observed in more than 90% of 
the i nfants. 
After the age of one year this movement-pattern cou ld sti l l  be e l i cited 
in more than half of the i nfants, b ut it became i ncreas ing ly d ifficu l t  to 
d isti n gu ish  an actual Landau from vo l untary motor behaviour  cons isti n g  
o f  t h e  i nfant's active res istance aga inst i mposed man ipu lation .  Landau,  
quoted by M itche l l  ( 1 960) , found  the strong  upward i ncurvat ion of the 
sp ine between the age of seven weeks and fifteen months,  And re
Thomas located it on the time-scale between the ages of th ree and 
seven months (Andre-Thomas and St. Anne-Dargassies ,  1 952) , wh i l e  
Mi tche l l  mentions  th ree months t o  about one year a s  the period  duri n g  
which a strong i ncu rvat ion occurs .  Pei per ( 1 963) consi ders t h e  vestibu lar  
system as the p repon derant afferenti a l  i nput. Andre-Thomas states that 
neck-prbpriocepsis p l ays the ma in  ro le ,  whi l e  M itche l l  assumes that th is  
posture i s  a comb i ned effect of labyri nth ine ,  neck and v isua l  reactions .  
I ndeed the Landau cons ists of two types of reflexes ,  the fi rst one ori g i 
nati ng  i n  the l abyri nths, resu l ti ng  i n  an orientat ion of the head i n  space 
(head l ift) wh i ch in its turn , due to the imposed posture of the neck, re
su lts in a ,ketten reflex" , namely an extens ion of sp ine ,  h i ps and knees . 
The fi nd i ng  that g radua l ly the response is found  more frequently from 
the  age  of two months onwards suggests that v isua l  i nput may p l ay a 
gu i d i ng  and rei nforcing  ro l e  i n  the o rientati on  of the head,  a l though at 
the same time the power of the neck musc les i ncreases so that the 
head can be l i fted more adequately and the wel l-oriented head posture 
can be ma i ntai ned more eas i ly  (see a lso Bobath (1 966)) .  

The fi nd i ngs demonstrated a large vari ab i l ity of postu res inter- as wel l  
a s  i ntra- ind iv idua l ly, which i s  refl ected by the l arge number of i n cons is
tenc ies .  Forty-four  of the infants showed n i nety-th ree i ncons istencies. 
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The number of i nconsi stenc ies per i nfant ranged from one to five, but 
there was no d ifference between boys and g ir ls .  The l a rge variab i l ity 
suggests that active vo luntary mot i l ity, and the behavioura l  state, p lay 
an important ro l e  in the mai ntenance of the postu re i n  p rone suspen
sion,  especi a l ly after the fi rst months. lt is  remarkab le  that on ly seven 
of the total number of 93 i ncons istencies occurred before the age of 
1 6  weeks. At this age more than 80°/0 of the i nfants showed a m i l d  up
ward incurvat ion of the sp ine and an evident head l i ft with el bow sup
port and exp loratory l ooki ng around i n  p rone position .  The vari ab i l ity 
of the posture in p rone suspension i ncreased with age, as is evident 
from the shape of the p rediction-band.  The deve lopment of posture i n  
p rone suspension may therefore be considered a s  a n  i l l ustrat ion o f  the 
way i n  which reflex-mechan isms are i ncorporated i n  spontaneous vo l un
tary activity. 

Reactions and responses 
Reaction to tactile stimulation of the dorsum of hand and fingers 

Procedure: With a fin ger the exam iner gently stroked the dorsum 
of the i nfant's hand and fi ngers d istalwards ,  start ing from the back of 
the hand and end ing at the na i ls  of the fi ngers .  State 3 or  4 .  
The response cons isted of a fl exion of wri st and fi ngers fo l l owed by an 
extens ion which then resu lted i n  g rasp ing  the stimu lati n g  fi nger. 

Recording: 

0. No response, or on ly an open i ng  of the hand without subsequent 
g rasp i ng .  

1 .  Weak response, consisti ng  of a s low flexi on and extens ion move
ment fo l l owed by i nadequate grasp ing, which seemed to occur ac
c idental ly. 
An open i ng  of the hand fo l l owed by wasp i ng  occurri ng  when the 
stimu lus  had reached the d istal ha lf of the fi ngers ,  was a lso scored 1 .  

2 .  Evident and rap id  response i m mediately after stroki n g  the back of 
the hand .  

At  the newborn exam inat ion a l l the i nfants opened the i r  hands on tac
t i le  stimu lation  of the back of the hand ,  but grasp i ng  of the sti m u l atin g  
fi nger d i d  not occur. Th is  mere open i ng  o f  the hand ,  which may be re
garded as the opposite of the pa lmar  grasp ref lex ( i .e .  c los in g  the hand 
on stimu lat ion of  the pa lm) was not cons idered as a positive react ion to 
dorsa l  stimu l at ion as operationa l i zed here and therefore was scored 0. 
At the second exam ination 1 6°/o of the infants showed a s low flexion of 
hand and wrists fo l lowed by an extens ion ,  but without adequate g ras
p i ng .  A compl ete response was obtai ned from the th i rd assessment 
onwards, with a rap id ly increas i ng  frequency, reach i ng  its peak at the 
fifth exami nat ion (67°/o) . At the same t ime,  spontaneous grasp ing  de
veloped rap id ly, and the area of the back of the h an d  from which the 
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response cou ld  be  obtai ned,  was d isp laced towards the d istal end of 
the fin gers .  

,-

Thus i t  became i ncreas ing ly d i fficu l t  to d isti n gui sh  between active g rasp
ing and an  i nvo l untary response. Visual gu i dance of the g rasp i ng  d i d  
not seem to  be necessary, neither duri n g  t he  e l ic itation  o f  t he  response 
in the fi rst months nor  afterwards ,  so that it  was conc luded that tacti l e  
stimu l at ion was suffi c ient for t h e  evocat ion o f  th i s  m an ipu l ative motor 
pattern , even when it was i ncorporated in vo l untary moti l i ty of the 
hands.  A m i nority of the i nfants d id not show the response duri n g  the 
who le period of the fo l l ow-up study. 
The response shows a resemb lance with the tacti l e  p laci n g  react ion of 
the feet, and seems to p l ay a ro l e  in the deve lopment of exp loratory 
beh aviour  of the hands .  Remarkab ly, i ts gradua l ly  m erg i ng  i nto vo l u n
tary behaviour  (wh ich  makes the d isti n ct ion between the response and  
vol u ntary behaviour  hard ly feasib l e) occurs a t  about the  same t ime when . 
the i ntensity of the pa lmar  g rasp refl ex d im i n i shes.  l t  may be  argued 
that an i nterpl ay between the pa lmar grasp refl ex and the react ion to 
dorsa l  stimu l at ion of  the h an d  and fi ngers p lays a ro le  i n  the deve lop
ment of vol u ntary g raspi ng ,  in which they become i ncorporated subse
quently. 

Palmomental res ponse 

Procedure: With his thumbna i l  the exam iner scratched the rad ia l  a rea 
of the i n fant's pa lm .  The response consisted of a vis ib le  contract ion of 
the mental  musc les .  State 3 or 4.  
The responses were graded on  a 3-po int sca le :  
0. No  contract ion of  the mental m uscles. 
1 .  Vis ib le  contract ion of the mental m uscles consecutjve to the fi rst 

stimu l at ion on ly. 
2. Evident contraction  of the mental m uscles as a reaction  to at least 

th ree o r  fou r  consecutive sti m u l at ions .  

Vis i b l e  contractions  of the mental m usc les were found  in more than  
80% of the infants duri n g  the fi rst ten  assessments. The  rat io between 
the number of i nfants showing  one and m ore v is ib le  contract ions was 
1 : 2 duri ng  the f i rst assessments, and g radua l ly  ch anged into 2 : 1 
duri n g  the n i nth , tenth and e leventh assessment. The number of i nfants 
not showin g  any pos itive react ion i ncreased from about 1 O% duri n g  the 
first ten assessments to more than ha l f  of the i nfants duri n g  subsequent 
assessments. 
The pa lmomental refl ex be longs to the g roup of the so-cal l ed b ra i n  
stem ref lexes. I n  c l i n i ca l  neuro logy they can  be  found  i n  the case of  
b ra in  stem synd romes ,  as evidence of an impa i rm ent of the b ra in .  I n  
hea lthy i nd ividua ls  often a weak vi s ib le  response m ay be  obta ined but 
hab ituat ion takes p lace rap i d ly. I f  one cons iders the pa lmomental reflex 
as an express ion of b ra i n  stem-mechan isms ,  i ts developmental changes 
during i n fancy reflect the i n corporation of b ra i n  stem�mechan isms in 
the o rgan ization  of the b ra in  du ri n g  development. 
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TAB LE VII I  

Items with many i nconsistencies and a protracted developmental course, 
so that a defin ite developmental sequence could not be established 
Observation of posture and motility 
Spontaneous postu re of the hands 
Posture of head and trunk duri n g  prone suspension (Landau) 
Reactions and responses 
Reaction to tacti l e  stimu lat ion of the dorsum of h and  and fi ngers 
Palmo-mental response 
Knee jerk 
Ankle c lonus 
P lantar grasp 
Magnet response 
Crossed extens ion response 
Positive support ing react ion 
Tact i le  p l aci ng  of the feet 
Schaltenbrandt react ion 
Bauer react ion 
GaHlnt response 
Threaten reflex 

Knee jerk 

Procedure: The exami ner kept the l eg i n  sem iflexion of h i p  and kne� 
jo int and gave a b risk tap on the pate l la-tendon a l ittl e  below the patel l a .  
State 3 .  The  response cons isted of  a contracti on of  the  extensor  m us
cles of the knee. 
Recording: 
0. No vis i b l e  or pa lpab le  react ion .  
1 .  Weak contract ion of the knee extensors .  
2 .  Evi dent contracti on of the knee extensors .  
3 .  Strong  response, often with after-beat, consisti ng  of an expans ion 

of the reflexogen ic zone be low the i nsert ion of the pate l l a-tendon at 
the t ib ia ,  and/or evident eo-contract ions of the adductors of the op
posite leg .  

An absence of  the response or  a weak contract ion was not observed 
duri ng  the whole fol l ow-up peri od in any of the infants. Duri ng  the new
born examinat ion 86o/0 of the i nfants showed a med ium response, wh i l e  
i n  1 4°/o of  t he  infants a strong  response was observed . At t he  second 
assessment the  reverse took p l ace and unti l t he  tenth examinat ion , i .e. 
unt i l  the age of about 40 weeks, in more than 80°/0 of the i nfants a 
strong response was found .  Subsequently the percentage of strong  
responses decreased. There was no relati on with t he  moment o f  stand
ing or  walki ng .  Because the i nfants who had become able to walk un
supported were om itted from the fo l low-up study, i t  cou ld not  be deter
m i ned at which age a strong knee jerk had d isappeared. 
A c lon ic  knee jerk was observed in one i nfant at the ei ghth assess
ment, without the i nfant bei ng  evidently i n  a poor con dit ion .  
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Accord i ng  to Andre-Thomas be low the age of s ix to seven months the 
knee jerk is often found  to be accompan ied by a contracti on of the 
contral atera l  adductor-muscles wh i l e  the reflexogen i c  zone  i s  extensive 
(And re-Thomas and St. Anne-Dargassies,  1 952) . Pa ine ( 1 960) has the 
same op in ion .  I n  the p resent study th is  type of knee jerk is comparab l e  
with a strong  response (score 3) .  
A strong response was observed in a varyi ng  number  of i nfants, not 
on ly duri n g  the f i rst ha l f  year of l ife but a lso afterwards.  Yet the h i ghest 
frequency of exaggerated responses was found  duri n g  the fi rst ha l f  
year of l i fe, which i s  i n  accordance with  the fi nd i ng  of the authors ci ted 
above. 

Ankle clonus 
Procedure: The i nfant was put in sup ine posit io n ;  the l eg was fixated 
with the h i p  and knee in sem iflex ion ,  and the foot was abruptly dorsi
fl exed , wh i ch caused a sudden stretch of the calf muscles. C lon ic  beats 
of the foot were counted if  p resent. State 3 or 4. 

Recording: 
0. No ank le c lonus p resent. 
1 .  One to th ree b eats .  
2 .  Four  to s ix beats. 
3. More than six beats . 

Duri n g  the newborn exam in ation i n  about h al f  of the i nfants an ankle 
c lonus was found ;  1 6o/0 of the i nfants showed four  to s ix beats and i n  
4o/0 of the i nfants more than s ix b eats of ankl e cl onus were found .  Dur
i n g  the secon d  assessment 30% of the i nfants showed one to th ree 
beats of ankle  c lonus ,  wh i l e  in 20% of the cases four  to six beats were 
found .  Subsequently the frequency of ank le c lonus decreased rap id ly, 
but unt i l the end of the fo l l ow-up study ankle c lonus of one to three 
beats cou l d  i rregu l arly and i n cons istently be found  in some i nfants of 
varyin g  identity. 

Plantar grasp 
Procedure: The p l antar g rasp was e l icited accord i ng  to P rechtl and 
Bei ntema (1 964) , by p ressi ng  the thumb agai nst the sol e j ust b el ow the 
toes. State 3 o r  4. 
The response cons isted of a f lexion of the toes. 
Recording: 
0. No reaction .  
1 .  S l ight  flexion o f  t he  toes. 
2 .  Evident and susta i ned f lexion of the toes. 
3 .  Strong and sustai ned fl exi on of the toes. 

Duri n g  the fi rst n i ne  assessments, i .e. unt i l the age of about 36 weeks, 
more than 80o/0 of the i nfants obtai ned a score 2 .  From the seventh as
sessment onwards, the i ntensity of the p lantar grasp decreased in an 
i ncreas ing  but varyi ng  number of i nfants. 
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From the 1 4th assessment onwards, i n  some i nfants a negative respon
se was scored , but at the same time the samp le  size decreased as a 
result  of i nfants becom ing  ab le  to wal k  unsupported. Sti l l  there was no 
c lear  rel ationsh ip  between a d isappearance of  the p lantar grasp and 
the onset of walk ing  unsupported. An exaggerated response occurred 
in a sma l l  and variab le  number of i nfants (not exceed i ng  e leven), at 
some t ime duri n g  the fi rst year of age. In one i nfant an exaggerated 
response was found  at the 1 9th assessment, i . e . at the age of about 75 
weeks. The development of the p lantar grasp appeared to be qu ite va
ri ab l e, which is i l l ustrated by the occurrence of many i ncons istencies 
in the responses, i .e. 63 in 36 of the i nfants. The i ncons istencies were 
d i str ibuted randomly over the length of the developmental course and 
it was imposs ib le  to defi ne  a stab le  fi na l  change with i n  the period of the 
fol l ow-up  study. Koupern ik  and Dai l ly' s (1 968) view that the p l antar 
grasp is  less intens ive than the pa lmar g rasp reflex cou ld  not be confirm
ed .  Pai ne 's conception that the p l antar g rasp wou ld decrease in i nten
sity at about e ight months, which suggests that it  wou l d  di sappear short
ly afterwards ,  is not supported either by the p resent fi nd i ngs (Pai ne, et 
?1. 1 964) . The resu lts are in accordance with Zappel l a's  fi nd ing that the ·
l!) lantar grasp can be observed duri ng  the who le  fi rst year of l ife (Za
pel l a , 1 966) . As in the present study on ly one type of stimu lat ion ,  i .e .  
p ressure with the thumb ,  was app l i ed ,  the effect of the qua l ity of the 
stimu l us  on the response could not be investi gated (Zapel la ,  1 967) . 
Poecks' op in ion that the p lantar grasp d isappears when the i nfant starts 
to stand  up and walk, cou ld  not be confi rmed (Poeck, 1 968) . 

M agnet response 

Procedure: The magnet response was e l i cited by gently touch i n g  the 
so les of the i nfant' s feet wh i l e  he was lyi n g  i n  supine with f lexed h i ps 
and knees, and by s lowly withdrawing  the sti mu lus  without los ing  con
tact with the sole of the foot. 
The response cons ists of a gradua l  extens ion of the l egs,  so that the 
foot does not l ose contact with the stimu l us (Prechtl and Bei ntema, '64) . 
Duri ng  the fi rst th ree assessments a posit ive response was obta i ned i n  
more than 80% o f  the i nfants. l t  became i ncreas ing ly d ifficu lt t o  d is
t ingu ish between a positive magnet response on the one hand and vo
l untary f lexion/extens ion movements of the l egs on the other hand ,  due 
to  the i ncreasi ng  moti l ity of the  l egs with i ncreas i ng  age .  

Crossed extension response 

Procedure: The i nfant was put in sup ine  position .  With one hand the 
exam iner fixated the i nfant's leg i n  extens ion ;  with his other hand he 
app l ied a s l i g htly pai nfu l st imu l us to the so le of h is foot, using h i s  
t humb  na i l .  The  response consisted o f  a f lex ion o f  t he  opposite l eg  
fo l lowed by an  extens ion and adducti on .  
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Duri ng  the fi rst four  assessments, i .e. u nt i l  the age of about 1 6  weeks, 
a response cons ist i ng  of a stereotyped flexi on fol l owed by an extens ion 
and adduct ion of the opposite leg was obta ined .  From about  the th i rd 
assessment onwards, however, the i n fants were remarkably capable  
of d i rectin g  t he  extens ion movement o f  t he  opposite l eg towards the 
stim u l us .Th is  seemed to be  an  act ive p rotecti on react ion .  Moreover, 
from about the fou rth assessment onwards the flex ion p attern of the 
opposite leg  became i ncreas i ng ly vari ab l e, whi l e  at the same t im e  the 
i nfant showed an  increased genera l i zed moti l i ty consecutive to the sti
m u l at ion .  l t  was conc luded that the reflex- l i ke react ion of the fi rst 
months rap id ly- m��ged i nto an active defense pattern, wh ich cou l d  not 
be  cal l ed a crossed extens ion _ reflex. Th is  i s  i n  accordance with S ain t  
Anne-Dargaqsi�s '  v iew that the neonatal response rap id ly  develops i nto 
an ac�ive. motor . pattern wh_i ch them rema ins . p resent _ th roughout l ife 
(Saint Anne-Dargassies, 1 964). -
Paine  poi nts out that the response pattern observed i n  norma l  i nfants 
shou ld  be d isti ngu ished from the crossed extens ion reflex seen in in
fants with sp ina l  cord l es ions .  I n  th is  l atter ref lex the neatly d i rected 
extens ion towards the stimu l us  is not foun d ;  i t  is a lso more stereotyped 
(Pa i ne, '60) . 

Positive supporting reaction  

Procedure: The exam iner supported the i nfant u nder the shou lders 
and p laced h im  on a fl at surface i n  stand i ng  posit ion .  He  took care that 
th i s  surface had an agreeab le  texture and temperature. The response 
was considered to be positive i f  the i nfant extended h i s  l egs i n  o rder 
to bear weight. State 3 o r  4.  

Recording: 

0. No extens ion of the l egs, the i nfant cou ld  not bear wei ght, h i s  l egs 
gave way i m mediately. 

1 .  Evident extens ion of the l egs,  of short duration .  The i nfant coul d  
bear weight on ly momentari ly. 

2.  Evident extens ion of the l egs, the i nfant was ab l e  to bear weight 
for at l east 5 seconds.  

l t  appeared to b e  hard ly feas i b le. to d isti ngu ish  between a pos itive sup
port in g  react ion and active stand ing ,  as the one gradu al ly m erged i nto 
the other. Thus it  was impossi b le  to determ i ne  a d ist in ct m oment of the 
fina l  change of the pos it ive support in g  react ion .  
No reacti on was found  i n  about two thi rds of the i n fants duri n g  the fi rst 
five assessments ; subsequently the number of negative responses de
creased and from about the e leventh assessment onwards, i .e. from the 
age of about 44 weeks, more than 90o/0 of the i n fants cou l d  bear weight 
i f  p laced on  the ir  feet. An evidently positive response, with weight bea
rin g  for longer  than five seconds,  was found  du ri n g  the fi rst h al f  year 
of l ife in 1 5o/0 of the i nfants or l ess .  Thus a positive react ion seem-
ed to co inc ide with the phase i n  which an i nfant co.u l d  stand with sup
port b ut was not yet ab l e  to stan d  u p  and s it down agai n of h i s  own 
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accord. Sti l l ,  there was no rel at ion between the occurrence of a strong  
positive supporti ng  react ion and the  age  of  stand ing  with support. The 
positive supporti n g  react ion defi ned i n  th is way appeared to be very 
i ncons istent, 71 i nconsistenci es bei ng  spread between 40 infants .There 
was no difference between boys and g i rls .  
McG raw (1 943) and And re-Thomas (1 952) made a di sti nct ion between 
two phases of the positive support ing react ion .  The fi rst one wou l d  be 
p resent dur ing the f irst months of l ife and wou ld  be fo l lowed by a 
p hase of decreased intens ity or even d isappearance of the response. 
subsequently the second phase wou ld  set in ,  belong ing to active stand
ing up behaviour. Such a b i phas ic developmenta l course was not 
found i n  the p resent study. The i nconsistencies were scattered over 
the whol e peri od of the developmental cou rse. No rel ati onsh i p  cou ld be  
found with t he  ocurrence o f  t he  magnet respo nse, which is sometimes 
regarded as a positive support ing react ion in a hori zontal posit ion 
(Pei per, 1 963) . 
Peiper contended that for a positive supporti ng  react ion weight beari n g  
was not i nd ispensable. I n  the case o f  the magnet react ion on ly tacti l e  
stimu lat ion i s  app l i ed ,  i n  the case o f  the positive supporti ng  reacti on 
tacti l e  stimu l at ion i s  fo l l owed by p roprioceptive stimu lati on ,  as  a re
su lt of the weight on the feet. If one excl udes poss ib le  vestibu lar  i n
fl uences on  the response, it may be assumed that in the positive sup
p rati n g  react ion tacti le  and p roprioceptive stimu lat ion are both involv
ed and that the l atter stim u l ation  rei nfo rces the effect of the former. 
Yet it is poss ib le  that vestibu lar  i nput does p lay an important ro l e  i n  
t h e  generation o f  the response. I n  that case t h e  positive supportin g  
reaction may be another examp le  o f  the phenomenon,  p roper t o  norma l  
deve lopment, that a phenotyp ica l ly comparab l e  motor behaviour  may 
resu lt from various mechan isms which fi na l ly converge i nto vo l untary 
motor behaviour. Actua l ly, th i s  i l l ustrates the ma in  d ifference between 
a norma l  and a patho log ica l  nervous system ,  i n  which th is vari ab l e  i n 
terp lay between various b rai n mechan isms does not occur, resu lti ng  i n  
a decrease of variab i l i ty. 

Tactile placing of the feet 
Procedure: The exami ner supported the i nfant under h i s  shou lders 
and kept h i m  in vertical suspension .  He b rought the dorsum of the 
feet into l i ght contact with the edge of a tab le .  The response consi sted 
of an i n it ia l  p lantar f lex ion of the foot, fo l l owed by a f lexion of the 
who le  leg wh ich i n  its turn was fo l l owed by an extens ion of the l egs so 
that fi na l ly the foot was p laced on the tab le .  Thi s p laci ng  may or  may 
not be accompan ied by wei ght beari ng. State 3 or 4. 

Duri ng  the fi rst two assessments more than 80% of the i nfants showed 
a b risk p laci n g  response without weight beari ng .  Th is  percentage de
creased duri n g  the subsequent assessments, so that duri n g  the fifth and 
s ixth assessments about ha l f  of the infants showed a b risk response. 
Subsequently th e percentage of b risk responses i ncreased and from the 
e leventh assessment onwards more than 80°/0 of the infants agai n show-
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ed a b risk p l aci ng response, which at that t ime was accompan ied by 
weight beari ng .  In on ly one i nfant was the response comp letely absent 
dur ing the fou rth ,  f ifth and sixth assessment. Th is  developmental course 
suggestst the i nvo lvement of  various b ra in  mechan isms i n  the gene
rat ion of th is  motor behaviour. During  the fi rst months the stim u l at ion  
i s  m ai n ly tact i l e, wh i l e  p roprioceptive rei nfo rcement does not en la rge 
the effect. Du ri n g  the second h alf of the fi rst year of  age p roprioceptive 
i nfl uences seem to p l ay an i ncreas ing ly important ro l e. Th is  phase 
co inc ides with the i n iti a l  phase of standi ng-up beh aviour. Evidently the 
mechan isms for the i n iti a l  p l ac ing  reacti on are i n corparated in  the or
gan ization  of vo l untary stand ing  behaviour. Th is  is i n  accordance with 
Zapel la 's  fi nd i ng  that various factors, as e.g. the temperature of the 
stimu l us ,  i nf luence tacti le  p lacing  of the feet i n  the fi rst months of l ife, 
but that th is  i s  no l onger true in subsequent months.  In h i s  view the 
i n it ia l  p lacing  reaction can ma in ly be  attributed to m i d-bra ln  activity, 
whi l e  the various characteri stics of the l ater p l aci n g  reaction  i nd i cate a 
cerebra l  cort ical med iat ion of the response as a p art of vo l untary p l ac ing. 
(Zape l l a ,  1 967) . 
The majority of the i nfants showed one o r  more i ncons istencies, scatter
ed over the who le developmental range, but there was no d ifference 
between boys and g i rl s .  The l arge number  of i nconsistencies (74) m ay 
be  regarded as an i l l ustrat ion of the variabi l i ty of performance charac
teristic of the norma l ly deve lop ing  nervous system , in contrast with the 
stereotyped perfo rmance typ i ca l  of the damaged nervous  system. 

Schaltenbrandt reaction  

Procedure: The Schaltenbrandt react ion i s  the reverse of the Landau ; 
it is often cal l ed the Landau 2. Whi l e  keep i ng  the i nfant i n  p rone  sus
pens ion the exam iner f lexed the i nfant' s  h ead.  The pos it ive response 
cons isted of a flexion of trunk  and h ips .  

The resu lts were com parab l e  with the resu lts of the Landau.  Thus  the 
Landau and Schaltenbrandt reactions  need not be  reg arded as essen
t ia l ly d i fferent. The occurrence of i ncons istenc ies was a lso s im i lar  i n  
both cases, a l though i n  the case o f  the Scha l tenbrandt reaction  the 
i n cons istencies appeared to be scattered over the who l e  developmental 
course;  they were not l im ited to the l atter  part as was the case with 
the Landau .  Th is  may ref lect the i nfant's i ncreased active resi stance 
agai nst flexion of h i s  head i n  p rone  suspens ion ,  wh i ch cou l d  a l ready 
be observed at a youn g  age. 

Bauer reaction  

Procedure: The i nfant was put  i n  p rone positi on  with h i ps and knees 
flexed .  The exam iner p laced his hands beh i n d  the i nfant's feet so that 
h e  touched the so les .  A positive response cons isted of a forceful ex
tens ion  of h i ps and knees, resu lt in g  i n  forward p rogression  of the i n 
fant. State 3 and 4. 
Duri n g  the newborn exam inat ion al l  the i nfants showed an  evident for
cefu l extens ion of h i ps  and knees ; duri n g  the second exam inati o n  th i s  
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was the case i n  on ly 31 % of the infants and afterwards the percentage 
decreased rap id ly. Duri ng  the second assessment a weak reaction  was 
found i n  53o/0 of the infants, but this percentage also decreased rap id ly 
duri ng  the subsequent assessments. Sti l l ,  dur ing the who le period of 
the fo l low-up  study a smal  m inority of infants of varyi ng  i dentity (one or  
two at  a t ime) i ncons istently showed an evident or  weak response to 
th i s  type of stimu l at ion of the so le  of the foot i n  prone pos it ion .  These 
responses seemed to be rel ated p reponderantly to the amount of motor 
activity of the i nfants ; i t  was very diffi cult ,  and in some i nstances even 
i mpossib le, to  d isti ngu ish  between the Bauer react ion on  the one hand 
and active moti l i ty on the other h and .  There appeared to  be no relation
sh ip  with the deve lopment of l ocomotion i n  p rone.  

Galant response (incurvation  of the trunk) 
Procedure: The i nfant was put i n  p rone positi on .  With a p i n  the examiner  
scratched the ski n of  the i nfant' s back s lowly and  gently from the 
shou lders downwards, at  about  th ree cm latera l ly from the sp ine. The 
response consisted of an i ncurvat ion of the trunk with the concavity on  
t he  stimu lated s ide. State 3 o r  4 .  

Duri ng  t he  fi rst ten assessments an evident i ncurvation  o f  t he  trunk  to
wards the stimu lated s ide was found  in more than 80o/0 of the infants. 
Th i s  i ncurvat ion was characterized by a stereotyped contracti on of the 
back muscles, resu l ti ng  i n  a cons istent and reproducib l e  movement pat
tern .  Th is  p rotracted pers istance of the Ga l ant response is i n  contrad ic
t ion with Andre-Thomas' view that the response shou ld  on ly be p resent 
duri ng  the fi rst weeks of l i fe (Andre-Thomas and Saint Anne Dargass ies 
' 52). Koupern ik  and Dai l ly ('68) state that the response d i sappears g ra
dua l ly  in the second ha lf  year of l ife. In the p resent study from the age 
of about 40 weeks onwards the trunk movements became i ncreasi ng ly 
heterogeneous;  as a consequence it became i ncreas i ng ly d ifficu lt to 
d i sti ngu ish  between an evident i ncurvati on of the trunk and a "t ickle re
action" .  I n  the l atter react ion the cons istent and reproduceb le  movement 
pattern is lost. Th is  react ion persi sted in al l  the infants duri ng  the who le 
period of study. Thus a rel iab le  Ga lant react ion which m ay have c l i n ica l  
s ign ifi cance i n  cases of sp ina l  cord d isorders seems to be  p resent on ly  
dur ing the fi rst n i ne  months of  l i fe. 

Threaten-reflex 
Procedure: The examiner moved h i s  extended fi ngers rap id ly towards 
the i nfant' s eyes. He took care to avo id  stimu lat ion of the cornea. A 
pos itive response consisted of a b l i nk  of the eyes. State 3 o r  4. 
More than 80°/0 of the infants did not show any positive react ion u nt i l  
the age of about 20 weeks. From th at age onwards  the number of pos i 
t ive responses increased rap id ly. Sti l l , 1 8% of the i nfants d id  not show 
a pos itive th reaten react ion at the age of one year. 

l t  is poss ib le  that envi ronmental conditions  affect the time  of onset of 
th is react ion .  Factors l i ke number, age and beh aviour  of s ib l i ngs, the 
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active p l ayi ng  beh aviour of tlie father, and the p resence of domesti c an i 
ma ls  seemed to be i nvo lved. The conc lus ion seemed justified that  th is  
react ion is  partly age-dependent and part ly envi ronment-dependent. 
White found that a b l i nk  response to an approach i ng  vis i b le target de
veloped rap id ly  between the midd le  of the second month of l ife and the 
age of fou r  months (Wh ite, 1 970) .  H is  f ind ings are not comparab l e  with 
the fi nd ings of the p resent study as his des ign was more e laborate and 
adapted to a specifi c  research of the deve lopment of th is particu lar  re
action .  He stated a c lose correspondance between the development of 
the response and the f lexib i l i ty of what he cal l s  the "accommodative 
system" .  Also ,  the fi nd ings of the p resent study po int at a comparab le  
deve lopmenta l cou rse o f  these two phenomena.  

Comment 

The items of this g roup can be divided into two subgroups.  The fi rst 
group contai ns  those items of wh ich the developmental course h ad not 
yet fin ished at the age of walki ng  free. The second contai ns  those items 
which showed no evident fina l  change, due to a g radual  merg ing i nto 
vo luntary activity. Consequently it was not possi b le  to est imate the de
velopmental range, i .e. the developmental rate, and the frequency of in
consistencies . 
The fi rst subgroup inc l udes the knee jerk, ank le c lonus ,  p lantar grasp,  
Landau and Schaltenbrandt-reaction .  The fi rst th ree items are l eg- and 
foot- responses, wh i l e  the l atter two invo lve the sensorimotor apparatus 
of neck, trunk and l egs. The ir  protracted developmenta l course can be 
seen as an i l l ustrat ion of the cepha locaudad maturation of  the nervous 
system. l t  i s  noteworthy that the ir, as yet u nstab i l i zed, development does 
not i nterfere with the development of stand ing and Wqlki ng as defined in 
this study. Apparent ly, nervous mechanisms invo lvi ng  parti cu lar  motor 
activities can be operationa l  wh i le  some components have not yet reach
ed stab i l izat ion .  l t  stands to reason that walki ng· free, as defi ned i n  
th is study, i s  not a fina l  poi nt i n  the development o f  th is motor beha
viour, nor does it reflect a fi na l  phase of matu rat ion of the b ra in mecha
n isms i nvolved. 
The fi na l  maturation of these mechan isms is not on ly reflected by the 
d ifferenti ation  of walk ing i n  for i nstance toddlers ,  b ut also by the fi na l  
changes i n  the items of  th is subgroup.  
The responses of the items i n  the second  subgroup cou ld  be recogn ized 
origi na l ly as specific stimu lus-responses, but gradual ly this specificity 
d im in ished so that fi na l ly comparab le  responses occurred duri ng  vo l un
tary behaviour. l t  was not possi b le  to d ist ingu ish an evident transition  
between e l icited responses and vo luntary motor patterns .  Actua l ly the 
main characteri stic d ifference between those two was a vo luntary use 
of the fi na l  motor p attern. 
l t  seemed that duri ng  their  development the infants gradual ly became 
able to make vo lunta ry use of nervous mech an isms which ori gina l ly ope
rated more autonomous ly. A c lose inspection of the responses, however, 
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m ade clear that there were d isti nct qua l i tative d i fferences between vo
l untary and i nvo luntary motor behaviour, but the fi na l  responses deve l
oped too gradua l ly to be p i npo i nted to a speci f ic moment. For i nstance, 
the ref lex- l i ke crossed extens ion fo l l owi ng  a noc iceptive sti mu l us on the 
contra- l atera l footso le  of a very young  i nfant d i ffered essentia l ly from 
the wel l-d i rected defense react ion of the o lder i nfant to the same sti 
mu l us .  Sti l l ,  it cou ld  not be ascerta i ned at wh ich moment the actual cha
racter of the response changed.  The same can be sa id  of items l i ke the 
tacti l e  p laci ng of the feet, the positive support i ng  react ion or the Gal ant 
response.  One may assume that the neura l  m echan isms i nvolved beco
me subord i nated to newly develop i ng  mechan isms .  The Galant response, 
for i n stance, cannot be observed after a particu lar  age, because then a 
very comp lex t i ckl e-response p revai l s .  
The ma in  d i fference between the items of th is  group and those of group 
I l l  (chapter IX) l ies in  the fact that i n  the l atter the fi nal po int of stab i l i 
zati on  cou l d  be defi ned on the time scale more easi ly, because there 
was a consp icuous change in the expressi on of the neura l  mechan isms 
i nvo lved . I n  th is  connection i ssues of operati ona l i zat ion  have to be taken 
i nto cons iderati o n ;  especia l ly with regard to the i tems i nvolvi ng  spon
taneous moti l i ty of a rms and l egs it  was d i ffi cu l t  to deci de whether to 
i nc lude them in group  I l l  or  in group IV. Th is i mp l i es that no sharp d i s
t i nct ion between group  I l l  and IV can be made. The majo rity of the items 
of group I l l  deal  with motor functi ons which are easi ly recogn izab le and 
which are frequent ly used in developmental testi ng-procedures. The 
changes i n  the maturi ng  nervous mechan isms of these i tems seem to 
man i fest themselves more consp icuous ly than i s  the case with sponta
neous mot i l i ty or  m any responses and react ions of group IV. Actua l ly, 
the maturi ng  b ra i n  m echan isms wh ich are respons i b le  for the great ex
pans ion of the i nfant 's neuro l og ica l  repertory, can be d ivi ded i nto two 
categori es .  I n  the one  category an i nteg rati on  of various ,  somet imes 
even ori g i na l ly i ndependent, b ra i n  mechan isms takes p lace, as i s  the 
case i n  s itt i ng  without support or  wa lk ing free, where mechan isms fo r 
motor m ovem ents and ba lance are i nvo lved. The other category conta ins  
those mechan isms which develop g radual ly. I tems b ased on mechan isms 
be long ing  to the fi rst category show developmental changes which can 
cl early be d i scerned. 
Items based on  mechan isms be longi ng  to the secon d  category may also 
show clearly d i scernab le  deve lopmental changes, but they may show 
such a gradua l  deve lopment that trans i tions from the one developmental 
phase to the other become hard ly d i scernab le .  Although there is a 
l arge overlap ,  the majo rity of the items of group I l l  be l ong to the former, 
the items of group IV to the latter category. 

From a c l i n ica l  po in t  of v iew the i tems of group IV can hardly be used 
in developmental test ing or  neuro log ica l  d i agnos is ;  on ly evident devia
t ions such as cons istent l eft-ri ght d i fferences seem to be usefu l for the 
l atter purpose. 
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Chapter X I  Anthropometric and Psychosocial items 

Th is chapter dea l s  with the developmental course o f  severa l items which 
descri be the g roup  from an anth ropometric po int of view. These items 
are :  body weight, body length, ci rcumference of the sku l l  and fontane ls  
(Tab le  IX). 
They serve the purpose of documenti ng  the p resent group .  Also,  some 
i tems wi l l  be d iscussed which may refl ect psychosocia l  and autonomic  
development and which are usua l ly  i nc luded i n  the neuro logica l  exami 
nation .  These items are :  deve lopment of vocal i zation  and speech , sm i l
i ng ,  lacrimation and reaction to strangers (Tab le X) . 

TABLE IX 

Anthropometric items 

body weight 
body length 
sku l l  c i rcumference 
fontanel les 

Anthropometric items 
Body weight 

TABLE X 

Psychosocial items 

Voca l ization  and speech 
sm i l i ng  
reacti on to  strangers 
l acrimation 

At b i rth the wei ght-range of the infants was between 2800 and 4200 
grams. On ly one i nfant weighted less than 3000 g rams and 8 i nfants 
weighted more than 4000 grams at b i rth .  
Duri ng  the assessments the infants were weighed with the ir  c lothes on,  
on the scales ava i lab le  in  the respective househo l ds .  Duri ng  the ir  devel 
opment the ir  weight ranged between the tenth and n i net ieth centi les 
for the Dutch popu lat ion ,  as presented by Van Wieri ngen (1 972). 

Body length 
Body length was defi ned as crown-foot length and measured wh i l e  the 
ch i l d  was i n  supi ne  positi on .  Duri ng  the period of study the l engths of 
the i n fants ranged between the tenth and n i netieth centi l es for the 
Dutch popu lat ion ,  as presented by Van Wieri ngen (1 972). 

Skull circumference 

For the measurement of sku l l  ci rcumference the measuri ng  tape was ap
p l i ed around the fronto-occip ita l  d iameter of the head. At b i rth about ha lf 
of the i n fants had a sku l l  c i rcumference l arger than 36 cm . When the 
present data are compared with the centi l e  curves of Fa lkner ( 1 958) 
(Dutch data are not avai lab l e) there is a fai r  agreement. 

Fontanels 

The variab i l ity of the size and c losure of the fontane ls  was large. In three 
i nfants the anteri or  fontanel  was closed at about half a year of age, 
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wh i l e  i n  one i nfant the anterior fontanel _was sti l l  pa lpably open at the 
age of 1 5  months .  The s ize of the fontane ls  varied considerab ly among 
the i nfants. There was no difference between boys and g i rls .  The fi nd
i n gs are i n  accordance with D i leo 's report that the statist ical mean for 
c losure of the anterior  fontane l  is at 1 3 .5 months (D i leo ,  1 967) and with 
Pop ich '  s (1 972) ranges of normal s ize.  
The posteri or  fontanel  was sti l l  pa l p ab le  i n  25o/0 of the i nfants at the 
newborn assessm ent, b ut from the second assessment onwards  no 
open posterior  fontanel  was found .  

Psychosocial items 
Vocalization  a n d  s peech 

In the p resent study speech was defi ned as vocal i zat ion aimed at com
mun ication .  Spontaneous voca l izations  e .g .  cryi ng ,  were not taken i nto 
cons iderati on .  Duri n g  the exam inat ions the mother  was asked to com
mun i cate with the i nfant and the i nfant' s react ions were scored on  a 
4-po int  scale.  State 3 or 4.  

Recording: 

0. No vocal i zat ion at a l l .  
1 .  Coo i ng ,  i . e. p ri m itive voca l ization ,  i n  wh i ch  no specific vowels or  con

sonants are d i scernab le. 
2. Voca l ization  cons isti ng  of vowels ,  usua l ly a-sounds,  with begi nn i ng  

articu lat ion .  
3 .  Voca l i zation  cons isti ng  of recogn izab l e  words,  i rrespective of i nten

t iona l  use. 

Vocalization and speech 

0 3 6 
Fig'. 44 

9 12 15 18 21 
age,months 

The p rediction  band for the scores i s  presented i n  fi gure 44. Coo ing  ap
peared to be p resent in about ha l f  of the i nfants dur ing the second as
sessment ;  it was the on ly type of voca l ization  found  duri ng  the fi rst 20 
weeks . In some i nfants the use of vowels ,  parti cu larly of the a-sound ,  
started to occur at  about the 24th week; subsequently the number of 
i nfants with a score 2 increased rap id ly. 
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A smal l  m i nority of the i nfants showed voca l i zation  of a coo i ng  qual ity 
as the on ly man ifestat ion of speech development unti l the age of about 
45 weeks. Four  i nfants started to say words l i ke " papa" and " mama" at 
the age of about 35 weeks, one quarter of the infants p ronounced recog
n izable words at the age of about 40 weeks wh i l e  at the age of -one 
year more tlian 80°/o of the i nfants were ab le to say at l east th ree or 
fou r  recogn izab le  words .  Th is does not imp ly that the infants made pro
per use of these words .  

I n  the boys the coo ing  type of vocal i zat ion was found somewhat earl ier 
than i n  the g i rl s ;  th is  d ifference was not statisti cal ly s ign if icant. There 
was a statisti ca l ly s ign if icant d ifference between g i rls  and boys with 
respect to the p ronounci ng of recogn izable words (p < 0.01 , Mann
Wh itney U test) . Hard ly any inconsistencies i n  speech development oc
cu rred, neither i n  the group of the boys nor in the group of the g i rl s .  
l t  i s  evident that th is  mode of assess i ng  speech development i s  com
p letely insuffic ient i f  a scruti ny of the developmental course of voca l i
zat ion and speech is a imed at. lt on ly a l l ows for a crude c l i n i cal  apprai
sal of speech development, so that i n  case of doubt the i nfant can be 
referred to a specia l ized assessment. The fi nd ings are i n  accordance 
with reports i n  the l i teratu re (Byers Brown et a l .  1 974) . 

Smiling 

Smi l i ng  was operationa l i zed as commun icative sm i l i ng  at the mother. 
Duri n g  the newborn assessment no commun icative smi l i ng  was observed 
in any of the i nfants. Duri ng  the secon d  assessment one th i rd of the 
i nfants smi led at thei r mother, wh i le one fourth of the i nfants also sm i led 
at other people.  From the th i rd assessment onwards, i .e .  from the age 
of about 1 0  weeks, th is  was the case i n  a l l  the i nfants . Th is  i s  i n  ac
cordance with the fi nd i ngs of Emde & Harmon (1 972) with regard to 
exogenous sm i l i ng  in infancy. 
Ambrose (1 961 ) found  a l ater onset of sm i l i n g ;  he  uti l i zed a speci f ic de
sign (e. g .  laboratory setti ng ,  unfam i l i ar face as a stimu lus) and stud ied 
response-sm i l i ng  i n  i nstitutiona l i zed infants .  In h i s  smal l group of i n fants 
he d id  not f ind d ifferences of the onset of sm i l i ng  between i nstitutional i zed 
infants and home-reared i nfants . His subt le  desi gn for the study of the 
development of reactive sm i l i ng  duri ng  ontogeny, p recl udes a comparison 
with the fi nd ings of the present study, in which merely the absence 
or the p resence of sm i l i ng  were recorded. 

Reactio n  to strangers 

Al l  the changes i n  posture, attitude and  behaviour of the i nfant on ap
proach of the exam i ner were defi ned as react ion to a stranger. l t  was 
scored on a 3-point  sca le :  
0 .  No reaction .  
1 .  Sl i ght react ion ,  consist ing ma in ly of a s l i ght withdrawa l ,  or  a d is

conti nuation of activit ies. 
2 .  Evident reaction cons isti ng of evident withdrawal fo r several m inutes 

and/or cryi ng .  
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As the exam i ner v is ited the homes of the i nfants on ly once per four 
weeks it was assumed that he  remai ned more or  less a stranger to the 
i nfants. However, th i s  was not a lways the case;  o lder i nfants i n  par
t icu lar often seemed to recogn ize the exami ner. As the i nfant's coope
rat ion was a p rerequ is ite for a p roper exami nation ,  the exam iner tried 
to avo id  negative react ions as much as possi b le .  Th is  modu lated h is  
mode of approach and may exp la in  the absence of  i ntense withdrawal 
behaviour. I n  some infants s l i ght react ions towards strangers, man ifest
i ng  the i nfant' s ab i l ity to d isti ngu ish  between fam i l iar  und unfam i l iar  at
tendants, started to occur duri n g  the fourth assessment, i .e. at the age 
of about 16 weeks. One i nfant cons istently showed an evident negative 
react ion towards the examiner  from the th i rd asessment onwards .  Re
act ion towards the exami ner, cons isti ng  of withdrawal behaviour  and/or 
cryi ng ,  occurred in one th i rd of the i nfants at the seventh assessment, 
i . e . at the age of about s ix and a ha lf months ,  th ree quarters of the i n
fants showed such react ions at the age of about e ight and a ha lf  months. 

l t  i s  remarkab le  that consistent cryi ng occurred only i n  a smal l m inority 
of the i nfants. The majority of tht i nfants showed a withdrawa l reaction 
of varyi ng duration which cou ld  be overcome rather easi ly. The length of 
the adaptation period  which was d i rectly related to the i ntensity of the 
reacti on to strangers, was the most p rotracted between the age of seven 
months and one year and after th i s  age decreased rather rap id ly. 

Lacrimation 

Lacrimation was defi ned as the presence of tears ro l l i ng  down the 
cheeks duri n g  cryi n g. In 61  o/0 of the i nfants l acrimation was observed at 
the second assessment, in 84°/0 at the th i rd assessment, and in a l l  the 
infants duri n g  al l  the subsequent exam inations .  
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Chapter XII Sex d iffe rences 

After the d iscussion of the s ing le  items of the neuro log ica l  examination ,  
which were subdivided i nto five groups, i n  th is chapter the sex d ifferen
ces wi l l  be analyzed. Th is wi l l  be done on ly in the case of those items of 
wh ich the four  parameters could be defi ned,  namely fi rst change,  fi na l  
change, length of developmental range, and number of i ncons istenc ies; 
consequently the items of group I l l  and some of group 11  were i ncl uded, 
beside speech development. 

I n  the di scussion of the s ing le  items sex d ifferences were menti oned if 
present. In the present chapter it wi l l  be exami ned whether sex d ifferen
ces occur systematica l ly. 

In the l i terature it  is assumed that duri ng i nfancy d ifferences in motor 
development between boys and g i rls are virtua l ly absent. Neither An
dre-Thomas, nor Gesel l ,  McG raw or Pai ne, even consider the possib i l i
ty of d ifferences being  p resent (Gesel l and Amatruda, 1 947 ; Andre
Thomas and St. Anne Dargassies, 1 952 ; McG raw 1 943 ; Paine, 1 960) . 
The authors who do report sex differences often differ i n  op i n ion ; Tan
ner (1 970) fo r i nstance states th at usua l ly g i rls  are ahead of boys in mo
tor development, wh i l e  Zachau-Christ iansen ( 1 972) conc ludes that the 
opposite is  true ;  though he menti ons the d ifferences to be very smal l 
i n deed. 
Ne l igan d id not fi nd appreciab le d ifferences between boys and g i rls  
with regard to the m i l estones of s itt ing and wa lki ng  free (Nel i gan and 
Prudham,  1 969) . On the contrary H ind ley, i n  a re-ana lysis of Sm ith's 
data (1 930) on d ifferent ethno log ica l  subgroups in the U .S .A . ,  found  that 
g i rl s  wa lked earl ier  than boys , although he cou ld  not confi rm th is  find
i ng  in h i s  analysis of five European long itud ina l  samp les (H ind ley et a l .  
1 966 ; H i nd ley, 1 967). Koupern ik  and Dai l ly ( 1 968) refer to  Stambak's 
statement that spontaneous un i l atera l moti l ity of the arms (com parab l e  to 
the asymmetrical spontaneous movement pattern in the p resent study) i n  
g i rls  wou ld  disappear somewhat ea rl ier  than  i n  boys. Sti l l  it is  general ly 
agreed that gi rls mature somewhat faster than boys with regard to 
speech development ( l l l i n gworth , 1 966 ; Nel i gan and Prudham,  1 969) . 

I n  the p resent study differences between boys and g i rls  were found  in 1 7  
i tems;  they are l i sted i n  the tab l es XI  and X I I .  Sex differences were est im
ated to be appreciab le if they reached a statist ica l  confi dence l evel of 
5 percent o r  lower (Mann-Whitney U test) . The statistical tests were ap
p l i ed two-tai l ed ,  i .e. without any hypothesis about the d i rection of the 
d ifferences, except in the case of speech with respect to wh ich on the 
bas is . of the l iterature one m ight expect the g i rl s  to show a faster devel
opment than the boys . Sex differences were ana lysed for a l l  fou r  para
meters , i .e. fi rst change, fi na l  change, length of developmental  range 
and number of i ncons istencies. 
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TABLE XI 

Items which showed significant sex d ifferences in  the favour of the boys 
(Mann-Whitney U test, two-tailed) 

rJ) (J) (J) '- (J) '- '- '() 0') .� O') (J)  � c c -;:: rJ) � � �  (ij rJ) 2 rJ) rJ) 
I tem co co -;: E >=  .� � :E -B (J) ·o, i5 (J) ·a (J) m ·a g? - Cl tl � � - (f) c m m c 0 rJ) c � � eo C >. CO U :>, CO � _g £  -.: .o -:5  co O ..c c O ..c '- ...a ..... ·- .0 ..... 
slitt ing u p  .01 

wa l ki n g  . 0 1  

locomotion i n  prone posit ion .03 

ro l l i ng over into prone posit ion . 02 

ro l l i ng back i nto sup ine posit ion .0 1  

parachute react ion handS' .04 .02 

foot so l e  reflex .02 

l ip-tap reflex .03 .01  

fixati>on t ime < .01 

TABLE XII 

Items which showed s ignificant sex differences in  the favour of the girls 
(Mann-Whitney U test, two-tailed) 

I te m s  

speech (one-ta i led) 

convergence of the eyes 

pu p i l lary react ion on  convergence 

conjugated eye movemen ts 

type of g rasp ing 

re coN 

s pontaneous postu re of the l egs 

M o ro l ift, abduct ion/extens ion  
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For the developmental assessment the fi na l  change can be cons idered 
as the most important p arameter. Sti l l  from the developmental neuro lo
g ist' s po int of view the fi rs t  change, the length of the developmental 
range and the number of i ncons istenc ies may be as important, as they 
may yi e ld  i nfo rmat ion about a d ifferenti al developmental course of bra in  
mechan isms i n  the case of boys and of  g i rls .  

The tota l number of 17  i tems with appreciab le  sex d ifferences cou l d  
be divided i nto two g roups ,  one consi sti ng o f  n i ne  items with stat ist ical 
d ifferences i n  favou r  of the boys (Tab l e  XI) ,  the other consisti n g  of e ight  
i tems with d i fferences i n  favour of the g i rls  (Table XI I ) .  Differences for 
a l l  four  parameters were found in none of the items ;  in the majority of 
cases a statisti cal ly s ign if icant d ifference was observed fo r one or two 
parameters on ly. 
The d ifferences in the parameters of one item always tended i nto the 
same d i recti on .  
The headi ngs "boys earl i er" and "g i rl s  earl ier" suggest that there may 
be a systematic difference between the boys and the g i rl s .  
The  common denominator of  the  subgroup "boys earl ier" can  be cal led 
"gross motor deve lopment" . As for the subgroup "g i rls  earl i er" , bes ides 
speech, items concern i ng  the visual apparatus seem to p redom inate. 
The d ifference in the number of incons istenci es duri ng  the deve lopment 
of type of grasp i n g  suggests that the fi ne  motor ab i l i t ies tend to devel
op more stead i ly in g i rls  than in boys. 

TABLE XI I I  

Means and standard devations for both sexes of the items in  which the 
boys were significantly advanced compared with the girls 

I tems 

s itting up, fi rst change 

walk ing ,  f ina l  chang.e 

locomotion in prone pos it i o n ,  
fi rst change 

.ro l l i ng over i nto prone pos it ion , 
i nconsistencies 

ro l l ing back i nto sup ine position ,  
f i na l  change 

parachute reaction  hands,  
dev. range 

parachute reaction hands,  
incons istenc ies 

foot so le response, dev. range 

l ip-tap response, fi nal change 

l i p-ta p response,  dev.  ra nge 

fixati·on t ime, f i rst change 

boys 

M / s i g m a  

5.93 I 1 .274 

1 7 .30 2 .053 

6.93 1 .035 

0 0 

7 .64 1 .496 

2 . 1 1 1 .548 

0 .7 1  0 .659 
4. 1 1 2 .897 

4.43 2.2 1 8 

1 .93 2 .089 

2 . 1 1 0 .31 5 

M 

6 .50 

1 8.86 

7 .55 

0.22 

8.52 

3 . 1 8 

1 .217 
6 .00 

5.39 

3 . 1 3 

2 .43 

g i rl s  

s i g m a  

1 .472 

2.51 3 

1 .438 

0.51 8 

0.994 

1 .893 

0.985 
3 .367 

1 .50 

1 .632 

0 .507 
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TABLE XIV 

Means and standard deviations for both sexes of the items in  which the 
girls were significantly advanced compared with the boys 

boys g i rl s 

I temS' M I sig m a M I s i g m a  

voca l izat ion and speech,  1 2.68 1 .827 1 1 .68 1 .836 
f ina l  change 
vocal izat ion a n d  s peech,  range 1 0.2 1  1 .750 B.09 1 .900 
convergence of the eyes, 3 . 1 1 0.629 2.65 0.573 
fi rst chagne· 
convergence of the eyes, 4.54 1 .261 3.57 0.945 
fi na l  change 
pu p i l lary react ion  to convergence, 4.50 1 . 374 3 .61  1 .033 
f ina l  change 
pu p i l l ary react ion  to convergence,  1 . 1 1  1 . 1 97 0 .57 1 . 1 61 
dev. range 
conjugat ion of eyemovements, 1 .32 0.548 1 .09 0.4 1 7 
fi rst change 
type of vo lu ntary grasp ing ,  0 .6 1  0.567 0 .23 0 .429 
i ncons i stencies 
reco i l ,  fi rst change 2. 1 8  0.390 1 .96 0.3B7 
s pontaneous postu re of the l egs ,  8 . 1 4  1 .7 1 5  7 .22 1 .3:47 
dev. range 
Moro l ift, abdu ction/extens ion ,  1 .29 0.854 0.45 0.67 1 
incons istencieS' 

I n specti on of sex d ifferences i n  items which d id  not reach a 5 percent 
l evel of confidence reveals that items deal i ng  with gross sensori-motor 
functi on i ng  often showed d ifferences which poi nted at a s l i ghtly h i gher 
developmental  rate i n  the boys.  This was the case with ,  for i n stance, 
head l i ft in sup i ne ,  stand ing  up, parachute react ions and footso le  respon
ses. Items deal i ng  with spontaneous moti l ity appeared to develop s l i ght
ly faster in the g i r l s  than in the boys . Thus,  an i nterpretat ion of the fi nd
i ngs  of the p resent study may be that there is a systemat ic develop
mental d ifference between the boys and the g i rl s .  Wh i le  i n  gross motor 
areas the boys develop somewhat faster, the g i rl s  appear to be more for
ward i n  functiona l  areas which requ i re more subt le motor activit ies.  Th is  
d ifference i s  very sma l l  and there is  a large overl ap of  the  fi nd ings  with 
regard to the boys and the g i rl s .  In both areas some boys developed 
more s lowly than some g i rl s  and vice versa. lt is c l ear that c l i n i ca l ly the 
d ifferences do not have much practi cal va l ue. Th is  is  i l l ustrated by the 
Tab les X I I I  and  XIV, i n  wh i ch the means and standard deviations of those 
items are l i sted wh ich show a statist ica l ly s ign if icant d ifference (p < 
0 .05) ; they c learly show the overl ap between the boys and the g i rl s .  
From th is  overl ap the conc lus ion  was drawn that the  boys and  the g i rl s  
shou l d  be cons idered as  be long ing  to  one group when t he  descri ption  
of  the developmental course of  the different items, as presented i n  the 
p revious paragraphs ,  i s  i nvolved. 
One can on ly draw attenti on to the poss ib le  presence of systemati c 
d ifferences between boys and g i rls ,  for an adequate exp loration of which 
a more specifi c des ign should be  drawn up.  
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Chapter XIII  The parameters - i ntra-ite m 
rel ationsh ips 

The developmental course of the items has been described in terms of 
fi rst change, fi nal change, length of developmental range and number 
of i n cons istencies. The fi rst change and the fi na l  change defi ne specif ic 
changes on the t ime-axis ,  i . e . in wh ich the i nfant's age is i nvo lved, wh i l e  
t he  length o f  t he  developmental range reflects t he  developmental rate, 
i ndependent of age. The number of i ncons istenc ies quantifies one as
pect of the variab i l ity of the responses duri ng  development, defi ned as 
relapses in score; they wi l l  be d iscussed separately (see chapter XIV). 

Thi s  chapter deals with the re lationsh ips of the parameters fi rst change, 
fi nal change, and developmental range occurri ng  with i n  s ing le  items ;  an 
analys is of the development i n  terms of age and rate may eluci date the 
matu rat ion of bra in  mechan isms underlyi ng these items. 

What kind of relationsh ips can be found between these parameters? 
There are six poss ib i l it ies, wh ich are presented schematica l ly  in fi g .  45. 

I .  The  fi rst change and the  fi na l  change can  be related positively or  ne
gatively (fi g .  45a and b .) I n  the case of a posit ive relationsh ip  the 
developmental range, i .e. the rate of the development, wi l l  be fixed, 
i rrespective of the age at wh i ch the fi rst and l ast developmenta l 
changes occur. lt is self-evident that the moments of the fi rst and 
l ast developmental changes ( i .e .  the fi rst and fi n al changes respecti
ve ly) shou ld  have more or l ess equa l  vari ation  ranges, tend ing  to 
a s im i l a r  d i rection .  lt is not surp ris ing  that th i s  type of re lationsh ip 
occurs ;  it wou ld  i mply a more or  less fixed developmental rate of a 
neural mechan ism.  

A negative relation  between the fi rst and fi na l  changes (fig .  45b) 
wou ld  imp ly a decrease of the developmenta l range ( i .e. an i ncrease 
of rate) i f  the fi rst developmental change takes p l ace l ate, and an i n 
crease of  the  developmenta l range in the case of an early fi rst chan
ge. At the same t ime the variation ranges of the f irst and fina l  chan
ges wou ld  be of equal  width, though tend ing  to opposite d i rect ions .  
One can hardly imag ine that such a relationsh ip  wou ld  be compatib l e  
with a norma l  a nd  harmon ious development. 

11. The next pai r of poss ib le  re lationsh ips are a positive and a negative 
relat ion between the fi rst change and the developmental ran ge. 
They are p resented schemati ca l ly i n  fi g .  45c and d .  I n  the case of a 
positive rel ationsh ip ,  an early fi rst change (i .e .  a low va lue on the 
t ime sca le) wou ld  imp ly a short developmental range,  and a late fi rst 
change wou ld  imp ly a p rotracted range, i . e .  a s low developmental 
rate. Th is latter possi b i l i ty can be expected i n  the case of neuro log i 
cal ly damaged i nfants who start to develop l ate and with i ncreas i ng  
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age lag beh ind  more and more. Maybe the former situati on (i .e .  an  
early fi rst change rel ated to  a fast developmental rate) can  be observ
ed in s l i ghtly impa i red i nfants, fo r i nstance in i nfants sufferi ng from 
the hyperexcitab i l ity syndrome.  Some of these i nfants may start to 
develop fo r i nstance locomotion at an early age and may be ab le to 
wal k  severa l months before the age of one year (personal  observati 
on) .  l t  seems un l i kely that duri ng  a normal deve lopment there wou l d  
be a pos itive relati onsh i p between t h e  fi rst change a n d  the develop
mental ran ge. 
A neg ative rel ation  between the fi rst change and the developmental 
range (fi g .  45d) reflects a l ate start and a "catch i n g-up" duri ng  devel 
opment so that the l ast developmental change sti l l  takes p lace "on 
time" .  Th is  m ay imp ly that the moment of the l ast developmental 
change i s  fixed, wh i le  the moment of the fi rst developmental change 
may vary. 
Fig .  45d shows that the variation range of the fi na l  change must be  
zero ,  or  a t  l east consi derab ly smal ler than t he  variation  range o f  the 
fi rst change.  Although a zero variation range of the fina l  change i s  
hard ly compatib le  with norma l  development, sti l l ,  theoretica l ly speak
ing ,  the variat ion range of the fi na l  change m ay be sma l ler  than the 
variation  ran ge of the fi rst change. The report of some mothers who 
state that their various i nfants al l  wal ked at about the same age may 
serve as an examp l e  of a relatively smal l vari ation  range. Presumably 
there are fam i l i es of "early walkers" and of " l ate walkers" .  On a la r
ger scale, systematic racia l  d ifferences i n  motor development may i l
l ustrate relatively narrow variation  ranges of developmental changes. 
Also, in p atients who have suffered from a di sease which i nterfered 
with the ir  development, a " catch i ng-up" is often observed ;  thus th i s  
type of  rel ationsh ip  can  be expected both i n  a norma l  and i n  a s l i ght
ly deviant development. 

Fig:. 45: 

D iag rams representing the theoretical rel ationsh ips between the first changes, 
the final changes and the deve lopmental ranges. 
Vertica l  axes : codes for imag i nary cases. 
Horizonta l axes : n u m ber  of exa m i n at ions. 
The dots, squa res and triang les represent the f irst changes and  the f ina l  changes 
res pective ly of the imag i nary caes, lettered A ti l l  S. 
The d istances between the dots, squ ares and triang leS' refl ect the lengths of the 
deve lopmenta l  ranges. 

a :  positive re l at ionsh i p  between the fi rst and fi na l  changes. 
b :  negative re l ations h i p  between the f irst and final c ha nges. 
c :  pos itive rel at ion s h i p  between the f i rst change and the deve lopmental range.  
d :  n egative re lationsh ip  between the fi rst change and the deve lopmental  range.  
e :  pos itive re l at ionsh ip  between the developmenta l range and the f i na l  change.  
f:  negat ive re l ationsh i p  between the deve lopmenta l range and the f ina l  change.  
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I l l .  The th i rd poss i b i l i ty imp l i es a pos itive or a negative relationsh ip  be
tween the deve lopmental range and the fi na l  change (fi g .  45e and f) . 
I n  the case of a positive relationsh ip ,  the moment of the l ast devel
opmental change i s  determ i ned by, or  determi nes the l ength of, the 
deve lopmental ran ge.  Fi g .  45e shows that for th i s  rel ation the vari a
ti on - range of the fi rst change must be zero or very smal l ,  at l east 
m uch sma l ler  than the variation  range of the fi na l  change. Th is rela
tionsh ip  i s  also an examp le  of a fixed moment of a fi na l  developmen
tal change. In this case the vari ation  ran ge of the fi na l  change may 
be  cons i derab ly  wide, wh i l e  i n  the other type of p rogramm i n g  of the 
fi na l  change the variation  range of the fi rst change appeared to be 
variub le  (cf. fi g .  45d) . In the fo rmer i nstance, the moment at which the 
fi rst developmental change occurs, does not have any predictive 
va l ue, as th i s  moment is rather constant, whi l e  the f ina l  change is va
r iab l e; in the l atter (i .e .  the negative relati on  between the fi rst change 
and the deve lopmental range) th is  may be the case,  though actual ly 
th i s  i s  based on knowledge that the moment of the l ast change is ra
ther constant. Th is  rel ati onsh ip  seems to be compatib le  both with 
norma l  and with deviant development. 
There m ight be a negative relati on  between the developmental range 
and  the fi na l  change (fi g .  45f) if  a l ate occurrence of the last devel
opmental change were accompan ied by a short developmenta l  range, 
i .e. i f  the fi rst change took p lace extraord i nari ly l ate, so that after a l l  
the deve lopmental range turned out  to  be qu ite short. Th is  m ight be  
cons idered as a ki nd of  " catch i ng  up"  duri ng  development; the  in
fant may start very l ate and end rel atively early, though compared 
with the average i nfant he is sti l l  rather l ate because there was not 
enough time to catch up comp letely. 
l t  i s  i m p robab l e  that such a s ituati on wou l d  occur dur ing normal  de
velopment. The oppos ite, i .e. an early fi na l  change with a very long 
devel opmental range, wh ich means that the fi rst change must have 
taken p l ace at an excessively early moment, seems to be i ncompati
b l e  with any ki n d  of development. 

l t  can be conc luded that in a group of healthy infants intra- item relat ion
sh ips  between the f irst and the f inal changes (positive) are l i ke ly to oc
cur, refl ecti ng  a p reprogramming  of deve lopmenta l  rate, also between 
the fi rst change and  the deve lopmental range (negative) , and between 
the f ina l  change and the developmental range (positive) ; the l atter two 
refl ect a p reprogramming  of the moment of the l ast developmenta l  chan
ge i ndependent of the developmental rate. Between these schematic 
poss i b i l i ti es trans it ions may be observed, dependent on the width and 
the symmetry of the vari at ion ranges of the fi rst and fi na l  changes. 
Fi g .  45 shows that a pos itive rel ationsh ip  between the developmental 
range and the fi na l  change or  between the fi rst and fi na l  changes (cf. 
fi g .  45a and  e) need not be i ncongruous, p rovided that the variation
ranges of the fi rst change i ncrease i n  the same d i recti on as those of the 
f inal  change.  In the case of si m i lar vari ation-ranges of the fi rst and f ina l  
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changes, a positive rel ationsh ip  between these two wi l l  be found .  If the 
variat ion-ranges of the fi rst change are sma l ler than those of the fi na l  
change i t  is  l i kely that a posi tive relationsh ip  between the developmen
tal range and the fi na l  change is found .  
However, it i s  h i gh ly improbable that a pos itive rel ati onsh ip  between the 
fi rst change and the fi na l  change i s  accompan ied by a negative rel at ion
ship between the fi rst change and the developmental range (cf. fi g .  45a 
and d) in one s ing le  g roup of i nfants. 

In tab l e  XV the corre lat ion-coeffic ients (p < 0.0 1 ) of the Pearson Product 
Moment corre lations of the i ntra-item rel ationsh ips are summarized (Ap
pendix C presents the m eans and standard deviati ons as a measure of 
the vari ation-width). l t  appears that on ly those rel ationsh ips  which were 
expected are found .  Relationsh ips wh ich were supposed to be i ncom
patib l e  with normal  development are absent. However, fo r seven items 
a comb inat ion of rel ati onsh ips was found wh ich was said to be un l i kely 
to occur i n  a homogeneous group of i nfants . These seven items show 
intra- item relationsh ips between the fi rst change and the developmental 
range (with negative corre lation-coeffi cients as expected) with or  without 
pos itive relationsh ips between the developmental range and the fi na l  
change (both reflecti ng  a preprogramm ing  of  the fi na l  change) but they 
also show a (positive) relati onsh ip  between the fi rst change and the fi na l  
change. 
Six of these seven items deal with a nervous functi on concern i ng  sitti n g. 

· Th is  is evidently the case in the items "s itting  up" ,  " postu re duri ng  sitt
i ng" ,  "duration of sitti ng" and "visua l  fo l lowi ng of an object with rota
t ion of head and trunk dur ing s itting" .  In adequate acoustica l  orienti n g  
comparab le b ra in  mechan isms may be i nvo lved, which enab le the i nfant 
to rotate his head and body towards the stimu l us ,  wh i l e  in many i nfants 
the fi na l  change of ro l l i ng  over from p rone i nto sup ine  posit ion consisted 
of sitti ng  up i nstead of merely turn i ng  i nto prone pos ition .  On the basis 
of the i deas about the possib le  comb i nations of relat ionsh ips  mentioned 
above, one may assum e  that with regard to the development of the�e 
items, two subgroups of i nfants shou l d  be d isti ngu ish ed .  I ndeed two d is
ti nct subgroups of i nfants were found to exist, as is i l l ustrated by the 
p lotti ng  of the moments of the fi rst and the fi na l  change and the devel
opmental range of the item "duration of sitti ng" (fi g .  21 and 22) .  
The other comb inat ions of rel ationsh ips ,  p resented i n  Tab l e  XV are in 
agreement with the theoretical  cons iderat ions ment ioned above. For 
the majority of items the fina l  change appears to be  more or less fixed, 
though with d ifferent variat ion widths (see Append ix J) as i s  reflected by 
the occurrence of relationsh ips between the developmental range anq 
the fi na l  change often combi ned with (negative) rel ationsh ips between 
fi rst change and developmental range. l t  is  remarkab l e ·  that the l atter 
rel ati onsh ips ma in ly occur in items deal i ng  with refl exes and responses 
(Tab le XV). Part of the items show a comb inat ion of relationsh ips be
tween the developmental range and the fi na l  change and between the 
fi rst and the fina l  change;  from th is one may conc lude that both the de-
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TABLE XV 
Correlation coeffic ients (p < 0.0 1 )  of intra-item relationships of the 
items of group I l l ,  i ncluding s peech development. The items are divided 
i nto a subgroup with and a subgroup without significant correlations be
tween first change and developmental range, and are furthermore with i n  
t h e  subgroups ordered t o  t h e  height o f  t h e  correlation coefficient o f  the 
relations between final change and developmental range (Pearson Pro
duct-Moment correl ations). 

I tem 

Goal directed moti l i ty of  the arms 
Voca l ization and s peech 
S pontaneous posture of  the legs 
Posture in  prone posit ion 
Moro headdrp ,  a bduct ion/extens ion 
Locomotion  in  prone pos i t ion 
Stand ing up 
O ptical  plac i n g  react ion of the hands 
Rol l ing over from supine i nto prone pos it ion 
Parach ute reaction of the· hands 
Head l ift i n  sup ine pos it ion 
O ptical  p lac ing reactio n  of the feet 
Wa l ki ng 
Type of vo l untary g rasp i ng 
SpontaneouS' postu re of the legs i n  
vert ical  suspens i•on 
Spontaneous moti l ity of the l egs 
Asymm etric ton i c  neck reacti on ,  spontaneous 
Asymmetric tonic neck reacHon,  i m posed 
Rooti ng 
S po ntaneous posture of the arms 
qoordination of the u p per extremit ies 
S itti ng u p  
Acoust ical  or ient ing  
Footso le  res ponse 
Ralmar g ra s p  reflex 
Moro l i ft, abduction/extenS'io n  
Moro h it, a bduction/extension 
Res ponse to push against shou lde r, s itti ng 
Pos•ture du ring s itt i n g  
F•o l l owing1 an  object w i t h  eyes, headl a n d  
tru nk, s itti ng  
Rol l ing  over  from prone in to  sup ine posit ion 
Durat ion of s itt i n g/ 
S pontaneous m ot i l i ty of the arms 
Moro headldrop, add uction/fl exio n  
Moro l ift, adducUon/flexion 
Moro h it, a d d u ct ion/flexion 
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-554 

-454 
-490 
-51 0  
-520 
-438 
-650 
-449 
-382 
-395 
-551 
-436 
-478 
-668 
-531 
�492 

-565 
-398 
-479 

+ 97 1  
+ 958 
+ 946 
+ 937 
+ 820 
+ 779 
+ 765 
+ 745 
+ 743 
+ 67 1  
+ 574 
+ 505 
+ 493 
+ 941  

+ 941  
+ 91 3 
+ 91 0  
+ 902 
+ 824 
+ 797 
+ 787 
+ 686 
+ 685 
+ 679 
+ 665 
+ 646 
+ 636 
+ 628 
+ 502 

+ 788 

+ 544 
+ 563 

+ 40 1  
+ 62 1  
+ 751  
+ 777 
+ 794 

+ 41 1 
+ 399 

+ 375 

+ 506 

+ 591 

+ 695 



vel opmenta l rate and the moment of the f ina l  change are preprogram
med.  These items reflect brai n mechan isms underlyi ng the development 
of locomotion i n  sup ine via prone i nto vertical posit ion .  Attention must 
be pa id to the fi ndi n g  that iso lated relationsh ips between the fi rst and 
the fi na l  change do not occur, as th is imp l ies that i n  no s ing le  i nstance 
i s  the development of an item dependent on ly on the developmental rate. 
For four  items of Tab le  XV no correlat ion-coefficients were computed . 
These items are the adduction/flexion components of the th ree types of 
the Moro react ions and the spontaneous moti l i ty of the arms .  Th is  was 
not done because the fi rst changes of spontaneous moti l ity of the arms 
occurred at  the  same t ime i n  the  case of  a l l  i nfants ; as for the  adduction/ 
f lexion components of the Moro react ions in  the majority of infants the 
fi rst change consi sted of a comp lete d isappearance.  I n  both i nstances 
the developmenta l range was s im i l a r  to the fi na l  change, wh ich p rec lud
ed the computat ion of mean ingfu l relationsh ips .  

From these patterns of re lationsh ips it can be concl uded that, i n  the 
normal  development of bra in  mechanisms underlyi ng  the responses e l i 
c ited dur ing the neuro log ica l  examination ,  both the developmental rate 
and the moment of the l ast developmental change may be preprogram
med , often in combination with each other, wh i l e  sometimes i n  the case 
of identica l i tems various developmental strateg ies can be fo l lowed. 
These rel ationsh ips are cl i n ica l ly important as they prove a p redict ion 
of the developmental range on the basis of the moment of the f i rst de
velopmental change to be impossib le. Th is is mai n ly due to the p repon
derance of the relationsh ips between the developmental ran ge and the 
fi na l  change.  
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Chapter XIV Inter-item relationsh i ps 

I n  th i s  chapter the poss ib i l ity wi l l  be cons i dered of formu lati ng mean i ng
fu l relationsh ips  between identical parameters of d ifferent items and of 
found i ng  these rel at ionsh ips  on a statist ical ana lysis  of the data. For the 
l atter purpose Pearson Product Moment correlati ons were computed and 
matri ces p roduced wh ich made factor ana lysis  feas ib le .  As the sex d i ffe
ren ces were sma l l ,  boys and g i rls  were taken together. The d istri but ion 
of the scores for the parameters cou ld  be cons idered as be ing suffic i ent
ly symmetrica l  for th i s  purpose, except the d istri but ion of i ncons istencies 
(Append ix C), so that i n  th i s  case Rankorder techn iques (Spearman 
Rank) were used for the stati stical analys is .  

The items of the n euro log ica l  exam inat ion can be grouped accord i ng  
to  hypotheti ca l  subsystems of t he  nervous system , which refl ect the 
b ra in mechan isms underlyi ng the nervous functi ons assessed . In the 
develop i n g  nervous  system such a d i sti nct ion between subsystems is  
comp l i cated by the fact that some bra in  mechan isms are a prerequ is i te 
for the expression  of others. Before locomotion i n  prone or i n  vert ical  
posit ion can eff ic iently be carri ed out fo r i nstance, postura l  mechan isms 
and mechan i sms fo r the m ai ntenance of ba lance have to  be e leborated.  
Before an i nfant can develop progress ion i n  prone posit ion ,  he  m ust be 
ab le  to  l i ft h i s  head when lyi ng  i n  p rone.  Before he  i s  capab le  of assum
ing a stand i ng  posture, he must develop balance mechan isms in order 
to be able to sit ,  wh i l e  ba lance must be e laborated even more before 
he  i s  ab le  to wa l k  without support. Development of s itt ing up shou ld  be 
preceded by the ab i l ity to  l i ft the head i n  sup ine posit ion and orientation  
o f  t he  head i n  space, and by  t he  development o f  t he  ab i l ity to  turn over 
from sup ine  i nto p rone posit i on ,  i . e. mechan isms for d ifferentiated rota
t ion of the body. 
For the development of i ndependent goal d i rected m an ipu lative activity 
d i fferent iat ion of arm and hand  mot i l ity i s  a prerequ i site, and one m ight 
assume that mechan isms underlyi ng pa lmar grasp refl ex activity or  
asymmetric ton i c  neck reflex activity p l ay an important ro le  i n  the d�vel
opment of d i fferenti ated and vo l untary use of the arms and hands .  Th is  
wou ld  mean that the pa lmar  g rasp refl ex and the asymmetric ton ic  neck 
response wou ld  d i m i n i sh  previous ly to , or synchronous ly with, the devel
opment of arb itrary use of h ands and arms,  wh i le at the same time v isua l  
mechan isms h ave to develop at a very early period i n  order to gu ide the 
man ipu lative behavi our. 

Cons ideri ng the p roces of deve lopment parti cu larly with a view to fi rst 
deve lopmental changes, one m i ght assume a rel ationsh ip  between the 
fi rst changes of s itti ng ,  stand i ng  and walki ng and other items dea l i ng  
with the  b ra i n  mechan i sms i nvolved i n  t h i s  type of motor behaviour, i .e. 
postu ra l  mechan i sms  and ba lance. Thus there m ight be a c luster cons ist
i n g  of the fi rst changes of s itt i ng ,  wa lk ing  and stand ing ,  p l ac i ng  reac
t ions ,  footso le  response, ro l l i n g  i nto prone and b ack, head l i ft in sup ine  
positi on ,  posture i n  p rone posit ion and l ocomotion i n  prone. 
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There m ight a lso be a c !uster of the fi rst changes of items deal i ng  with 
the development of man ipu lative i . e . goal d i rected motor behaviour, i n 
vo lvi ng the  pa lmar g rasp refl ex, type of vo luntary grasp ing ,  coordi na
tion  of the upper extrem it ies, goal  d i rected moti l ity of the arms and 
hands, and asymmetric ton i c  neck responses. 

Relationsh ips between the f irst changes cannot be expected fo r a l l the 
items.  Items such as speech, rooti ng and acoustical orienti ng  cannot 
eas i ly be fitted i nto other groups of items.  One may expect the fi rst 
changes of the Moro responses to be related, as they reflect develop
mental changes i n  one mechan ism,  but a rel ationsh ip  with other items is 
not l i kely, except i n  the case of spontaneous mot i l ity of the arms. 
As fo r the moment of the l ast developmenta l  changes (i . e. the final chan
ges) an alogous c lusters of i tems may be assumed to exist ;  with in these 
c lusters subgroups may be found (for instance ba lance dur ing sitti ng ,  
motor behaviour i n  prone pos iti on ,  motor behaviour  wh i l e  stand ing) re
flecti ng the d ifferenti ation of the develop ing  b ra in  mechan isms for pos
ture, ba lance and locomoti on .  As stated above, relati onsh ips between 
the fi rst changes and relationsh ips between f inal  changes wou l d  not be 
unexpected as these parameters i nd icate the maturation of  b rain mecha
n i sms on the t ime scale.  As was exp la i ned above, some b ra in  mecha
nisms must have developed before others can start to ach ieve expres
s ion .  These rel ati onsh ips may be rel atively l ow due to the variab i l ity i n  
development characteri sti c fo r a normal nervous system ; sti l l ,  they 
shou ld not be neg lected . 

As fo r the developmental rate, expressed in the length of the develop
mental range, relations cannot be p redicted so easi ly. The developmen
tal rate of b ra in  mechan isms may vary cons iderab ly dependent on the 
degree to wh ich the f irst and/or the fi na l  change are fixed. As has been 
shown i n  chapter XI I I ,  the i nterdependency of the developmental rate 
and the moments of the fi rst and the f ina l  changes is  very comp lex, i ntra
as wel l as i nter- ind iv idua l ly. 
Therefo re one may assume the number of rel ationsh ips between items 
with regard to the developmenta l  range to be smal l ,  and the relation
sh ips, if  p resent, rather low. 

The statist ical ly s ign ificant rel ati onsh ips (p < 0.01 ) between fi rst ch�n
ges, fi nal changes and developmental ranges respectively are present
ed in appendices E, F. and G .  

First change 

As for the fi rst change (Appendix E) a cl uster of i tems can be observed 
wh ich concern sitt i ng ,  crawl i ng, stand ing  and wa lki ng .  Rol l i ng  and the 
opt ical  p laci ng  react ion of the feet are a lso i ncl uded i n  thi s c luster: the 
footso le  response, however, is  not. On facto r analysis it appears that 
th is group of items accounts for 22°/o of the vari ance of the materi a l . 
Other large c lusters are not evident. As for the items dea l i ng  with the 
development of man ipu lative motor activity, cl usteri ng is  merely reflect
ed by the in terrelations of the coord inat ion of the upper extrem it ies, 
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goal  d i rected arm and  hand moti l i ty, and type of vo luntary g rasp ing .  The 
fi rst change of the pa lmar  grasp reflex is  consp icuous ly absent i n  th is 
smal l  c l uster, which means that a decrease of pa lmar grasp reflex ac
tivity is not a p rereq u is ite fo r the development of goal  d i rected and ma
n ipu l ative m otor act ivity of the arms and hands.  As was to be expect
ed, the rel ationsh i ps are rather weak, with the exception of the i nterre la
tionsh ips  of items d ea l i ng  with sitti ng  behaviour, wh ich ,  however, are 
contam inated as a resu lt of their operationa l i zati on .  There i s  a strong 
rel ationsh ip  between stand ing  and walki ng ;  th i s  i s  not  surp ri s i ng  as both 
items reflect the conc lus ion  of developmental sequences in connection 
with the m aturati on of postura l  and balance mechan isms i n  i nfancy. I n  
thi s carefu l ly sel ected g roup o f  low ri sk i nfants, which i s  a lso rather ho
mogeneous with regard to envi ronmental and social  cond it ions ,  the ma
jority of the weak (a lthough statisti cal ly s ign ifi cant) relationsh ips  i l l u
strate the vari ab i l i ty of the hea lthy nervous system . 

I n  the case of n i ne  items there were no i nterre lationsh ips  of the fi rst 
ch anges.  (Tab le  XVI ) .  Neither speech nor acoustical ori enti ng  showed 
a s ign i ficant relati onsh ip  with any other item .  These items can be re
garded as be long i n g  to a separate category, in which m ental p rocesses 
are i nvo lved , d i fferent from the sensorimotor development represented 
by the other items.  

TABLE XVI 

Items without any s ign ificant relationships (p < 0.0 1 )  with regard to 
fi rst changes. 

voca l izati on  and speech 
acoust ical  o rienti ng  
spontaneous posture o f  t he  legs in  vert ical suspension 
spontaneous head l i ft i n  sup ine 
s itti n g  up 
foot so le  response 
pa lmar  g rasp reflex 
parachute react ion of the arms 
Moro h it abducti on/extens ion 

The absence of s i gn ifi cant and mean i ngful re lationsh ips between res
ponses l i ke the pa lmar  grasp refl ex, the footso le response and the Moro 
react ions on the one  hand and functiona l  motor development on  the 
other hand imp l ies that it i s  hardly poss ib le  to pred ict the onset of the 
deve lopment of motor functions on the basis of changes as in these re ... 
actions .  The absence of a s i gn if icant rel ationsh i p  between the f i rst 
change of the pa lmar  grasp reflex and the f irst occurrence of vo l untary 
grasp i n g  ("pa lmar  g rasp type") or of functiona l  arm/hand moti l ity (" look� 
i n g  at and  p l ayi n g  with the h ands") suggests that the d i ssol ution  of 
the former does not affect the development of the l atter to a l a rge ex
tent. 
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Final change 

As Append ix F shows there were many i nterre lationsh ips between the 
fi na l  changes with rather low correlation-coeffi cients. The g roup of i tems 
dea l i ng  with gross motor function ing  (crawl i ng ,  s itti ng ,  standi ng and wa lk
i ng) appears as a major cl uster; th i s  cl uster reflects the integrati on of 
postu ra l mechan isms and ba l ance with vo luntary gross motor activity 
duri ng  maturat ion .  
The h ighest corre lat ion-coeffi c ients are found  i n  the relationsh ips be
tween fu l ly developed ba lance react ions (the items "fo l l owi ng of an ob
ject with the eyes, and rotation of the head and trunk  during sitti ng"  and 
" response to push against the shou lder duri ng  s itti ng") and steady sitti ng  
(the  items " sitti ng  up" ,  "posture dur ing s itti ng"  and  "duration o f  s itti ng") .  
The i tems "stand i ng  up" ,  "walki ng" ,  "postu re of the legs i n  vertical 
suspens ion" ,  "optical placing of the feet" ,  "prone position" and " l oco
motion i n  p rone position"  be long a lso to this c luster, .the he ight of the 
corre lat ion coeffic ients varyi ng .  lt i s  not surp ris ing  that the fi na l  score 
fo r "spontaneous mot i l i ty of the legs" ( i .e . vo l untary and arb itrary moti
l ity) is  i nc luded in th is c luster. " Head l i ft in  sup ine position" and the 
qua l ity of the footso le response can be cons i dered to contribute to th is 
cl uster i n  varying degrees. Also vo l untary i . e . arb itrary ro l l i ng  behaviour 
correlates with the majority of the items mentioned .  On facto r analysis 
th is cl uster is  rep resented in one factor, accounti ng  fo r 29% of the 
variance. 

A smal c l uster consists of the fi na l  changes (i . e. d issol ution) of the Moro 
reacti on ,  wh i ch is i ndependent of the l arge cl uster of vo luntary moti l i ty. 
Th is  sma l l  c l uster accounts for another 1 O% of the variance. 
In the section on the developmental course of the Moro reacti ons the 
s ign i ficance of the low va lue  of the correlati on-coefficients has been d is
cussed. There is  no separate group of items assess ing man ipu lative 
motor activity. On ly an iso lated relationsh ip between the d issol ut ion of 
the pa lmar g rasp refl ex and arb i trary arm/hand postu re was found .  Th is  
relat ion suggests an i nterp lay between the  development of  arb itrary and  
i ndependent use  of arms and hands  and the  developmental course of  the 
pa lmar grasp ref lex. No relationsh ip  was found between the di ssol ution  
of the pa lmar grasp refl ex and the matu re type of grasp ing  (p incer 
grasp). 

The maturati on of type of vo luntary grasp ing  and coord ination of the up
per extrem it ies showed a rel ationsh ip  with the fi na l  change of sitti ng ,  
stand ing and walki ng ,  wh i ch reflects the  i nteg rati on of  bra in  mechan isms 
requ i red fo r man ipu lative motor behaviour with  b ra in  mechan isms on 
wh ich g ross motor behaviour  i s  based. There were on ly five items wh ich 
d id  not have a s ign if icant relati onsh ip  with any of the others .  They are 
l i sted i n  Tab le  XVI I .  
Among them are the items speech ,  acoustical orienti ng  and,  surpris ing ly, 
goal-di rected moti l ity of the arms and hands.  
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TABLE XVI I 

Items without any s ignificant relationships (p < 0.0 1 )  with regard to 
final changes. 

voca l i zation  and speech 
acousti cal o rienti ng 
goal  d i rected mot i l ity of the arms 
asymmetri c ton i c  neck react ion ,  spontaneous 
asymm etric ton i c  neck  reacti on ,  imposed. 

As ment ioned above , speech and acoustical o rienti ng  may perhaps be 
regarded as be lon gi n g  to a separate category when com pared with " pu
re" sensorimotor development. To some extent the same can be sa id of 
the deve lopment of goal d i rected moti l ity of the arms and hands.  

Severa l authors have reported that the i nfant' s development dur ing the 
fi rst year of l i fe ,  wh i ch is appreci ated mai n ly i n  terms of sensorimotor 
deve lopment, i s  rel ated on ly weakly to the development i n  later l ife , 
wh ich is m ai n ly appreciated by "menta l"  criteria (Rutter (1 970) ; H i nd ley 
(1 960) , Knob loch an d Pasamanick ( 1 963)) . The fi nd ing  that the three 
items speech , acoustical orienti ng and goal-d i rected mot i l ity of the 
arms and hands d i d  not show any s ign ificant rel ati onsh ip  with other 
items ,  i s  i ntri gu i ng ,  as  these items may partly refl ect mental development. 
l t  wou l d  be worthwh i l e  to exp lore the i r  rel ation  with the futu re menta l 
development, wh i l e  th ei r i nterrelationsh ips - which were appreciab ly 
low i n  the p resent study - shou l d  a lso be_ scruti n i zed. 

l t  i s  noteworthy that the moment of a comp lete d issol ut ion of the asym
m etri c ton i c  neck react ions d id  not show a s ign ifi cant re lati onsh ip  with 
any other item .  C l i n i ca l ly, th is  fi nd ing  is  important, as after a certa i n  age 
the p resence of asymmetric ton i c  neck patterns is often considered as a 
s ign  of deviant deve lopment, or even as an ea rly s ign  of the develop
ment of cerebra l  pa l sy. When the wide variation  range of the d isso lut ion 
of the asym metric ton ic  neck reacti ons and its iso lat ion with regard to 
interre lationsh ips  with other items,  is taken i nto account, the c l i n ical 
va lue  of th i s  s i ng le  fi nd i ng  i s  rather smal l .  Yet, patho log ical asymmetric 
ton ic  neck refl exes shou ld  be d isti ngu i shed from the asymmetri c ton i c  
neck reacti ons  normal ly present. Besides, i n  a patho log ical  nervous 
system other re lationsh ips between (patho log ica l )  s igns can be expected 
th an in the case of a hea lthy nervous system . 

Developmental range 

Append ix G p resents the relationsh ips between the developmenta l 
ranges ,  which are stati stica l ly si gn if icant (p < 0.01 ) .  Actual ly, the num
ber of s ign if icant relati onsh ips is  sma l l .  One  sma l l  c luster of items can be 
observed with regard to sitti ng  behaviour. As is  stated above, however, 
the fi rst changes in these items were contaminated due to the ir  operati o-
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na l i zation ,  wh ich m ay accou nt for part of the re lati onsh ips  between the 
developmental ranges .  Moreover, i t  i s  evident that in these i tems com
parab l e  bra i n  mechan isms are i nvo lved. There are no other evidently i n
terrelated groups of items ,  wh ich means that the deve lopmental rate of 
various bra i n  mechan i sm s  i s  relatively i n dependent and may vary con
s i derab ly. From a cl i n i ca l  po int of v iew th i s  means that in normal i nfants 
no pred ict ion can be made with regard to the developmental rate of one 
nervous functi o n  on  the  bas is  of  the developmental rate of another ner
vous funct ion .  Th i s  i s  i l l ustrated by the c l i n ica l ly wel l  known fact that i n  
some i nfants s o m e  nervous functions appear to develop faster than 
others ,  wh i l e  the oppos ite may happen in other i nfants. In damaged i n
fants, however, a pred ict ion of the developmental rate can often be 
made on the bas i s of fi nd i ngs  reflecti ng  particu lar  devi ant b ra i n  mecha
n isms.  Vari ab i l i ty i n  developmental rate can be cons idered as an i n divi 
dual characteri sti c of healthy i nfants, wh i l e  i n  damaged i nfants th i s  vari
ab i l i ty m ay be l ost. 

E l even items of the tota l n umber of th i rty-one d i d  not show a s i gn i fi cant 
corre lat ion with any other item (Tab le  XVI I I ) .  The negative (low) correla
t ion-coeffic ient between the developmental range of speech and  posture 
of the trunk  duri ng  s i tti n g  can hard ly be exp la i ned and may perhaps be 
attributed to accidental arithmeti cal co i nci dence. If  we take th i s for grant
ed, we fi nd  agai n that the th ree functi ona l  i tems "speech" ,  "acoust ical 
ori enti n g" and " goal  d i rected mot i l ity of arms and hands" do not show 
an evident coherence with the developmental range of other items .  

TABLE XVII I  

Items without any significant i nterrelationships (p < 0.01 ) with regard 

to developmental ranges. 

acoust ical orient in g  
goal-d i rected mot i l i ty o f  t h e  arms  
voca l i zation  and speech 
spontaneous moti l i ty of the arms 
spontaneous postu re of the legs 
ro l l i n g  from sup i n e  i nto prone pos it ion 
ro l l i n g  from prone  i nto sup i ne  pos it ion 
walk ing  
pa lmar grasp reflex 
asymmetric ton ic neck react ion ,  spontaneous 
asymmetric ton i c  neck react ion ,  i mposed 
Moro headdrop ,  abduction/extens ion 
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Inconsistencies 

I ncons istenc ies were defi ned as relapses i n  score, i rrespective of the 
l ength of the per iod of t im e  dur ing which the relapse occurred.  Th is  
m eans  that i f  the scori ng-sca le  of the i nd iv idua l  items is assumed to  re
fl ect the deve lopme nt of the i tem responses in t ime, there is a regres
s ion  to a p revious type of response, i . e . be long i n g  to a younger age. I n  
t h e  majority o f  i nstances such a regress ion was observed dur ing one 
exam i nation  on ly ;  i t  was often found that at  the fo l lowing  assessment 
the i nfant exceeded the score that h e  had obtai ned before the regres
s ion ,  i . e .  he had caught up comp letely. 

12-15 
Number of inconsistencies 

Fig .  46: 

The frequency-d i str ibut ion of  the tota l number of inconS'istencies,  occu rring in  
a l l  items of g roup I l l  taken together. 
Vert ical  axi s :  number of i nfants with i ncons istenc ies.  
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TABLE XIX 

The number of i nconsistencies and the number of i nfants with inconsis
tencies of the items of group I l l .  
The items are ordered according to  the number of  inconsistencies pro 
item, and, within  these g roups, according to the number of infants dis
playing inconsistencies. 

Number of i nfants Total number 
Name of item with of 

i ncons istencies i ncons istencies 

Stand ing  up 2 2 
Walk ing  2 2 
Response to push ,  sitt ing 4 4 
Acoustical orienti ng 6 6 
Spontaneous moti l ity of the arms 7 7 
Duration of s itti ng  7 7 
Vocal ization  and speech 8 8 
Optical p laci n g  react ion of the hands 8 8 
Fo l lowi ng  of an object with the eyes, 
head and trunk,  s itti ng  9 9 
Rol l i ng  over from sup ine i nto p rone 4 5 
Spontaneous head l i ft :i n sup ine  6 7 
Postu re of the trunk, s itti ng  1 0  1 1  
Palmar  grasp ref lex 1 2  1 3  
Moro, headdrop,  addudion/flex ion 1 1  1 3  
Spontaneous posture of the arms 1 2  1 3  
Optical p lac ing react ion of the feet 1 4  1 6  
Asym . ton ic neck response, imposed 1 7  1 8  
Moro, headdrop ,  abduction/ext. 1 9  20 
Type of vo l untary grasp i ng  2 1  22  
Goal-d i rected moti l ity of  the arms 22 24 
Rol l i ng  over from prone i nto sup ine 1 2  1 5  
Locomotion i n  p rone 23 27  
Sitt ing up 26 3 1  
Spontaneous mot i l ity o f  the l egs 24 36 
Coord inati on of the upper extr. 27 36 
Moro, h it, abduction/extension 28 37 
Rooti ng  29 54 
Moro, l ift, adduction/f lexion 30 37 
Asym . ton ic  neck response, spont. 30 38 
Moro, l i ft, abduction/extens ion 32 46 
Parachute react ion of the hands 33 48 
Spontaneous posture of the l egs 38 52 
Moro h it, adduction/flexion 38 59 
Footso le response 39 79 
Postu re of head, trunk and arms i n  
prone position  40 59 
Spontaneous postu re of the legs i n  
vertica l suspens ion 48 1 1 3 
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Fig .  46 shows the frequency d istri bution  of the total number of i nconsis
tenc ies wh iqh occurred in the items of group I l l  i n  the total group of i n
fants (see a lso Appendix J ) .  The peak frequencies are found  between 
sixteen and twenty-th ree inc·ons istencies ;  i n  six infants e leven i ncons is
tencies occurred,  and i n  two infants twenty-ei ght or twenty-n i ne  i ncon
s istenc ies were found .  However, the e leven i nconsistencies which oc
cu rred i n  s ix i nfants were not identical . Although it was poss ib le  to or
der the items of group  I l l  accord i ng  to the number of i nconsistenc ies oc
curri ng  duri n g  deve lopment (Tab le  XIX), and to o rder the i nfants accord
ing to thei r tendency to d isp lay i ncons istencies, there was no rel at ion
ship between i nfants and items.  For i nstance, i n  some of the six i nfants 
who had e leven i n cons istenc ies ,  i nconsistencies appeared in items i n  
which no i ncons istencies were found i n  the case of the two i nfants who 
showed most i ncon s istencies.  There was no s i ng le  i nfant without any 
i ncons istency i n  one item or  another, neither were there any infants who 
showed incons istenc ies i n  a l l the items.  

How can i ncons istenc ies be  accounted for? 
1 .  I ncons istencies may be due to prob lems of standard ization and ope

rati ona l i zat ion .  Although for the m ajority of reflexes and react ions 
the developmental  sequence of response-patterns cou l d  be defi ned 
�eforehand ,  fo r spontaneous moti l ity and posture th is sequence had 
to be  defi ned on  the bas is of the observations .  Thus one m ight expect 
the number of i n consi stenc ies be l arger in the case of spontaneous 
moti l ity and posture. Tab le  XIX shows that th is  i s  not always the case. 
The number of i ncons istencies i n  fo r instance the item " spontaneous 
moti l ity of the arms" i s  l ow, wh i l e  it is  much larger i n  the item "spon
taneous posture of the l egs i n  verti cal suspension" .  The number of 
i ncons istencies duri ng  the development of fo r i nstance the footsole 
response or  the rooti ng  reflex is  a lso cons iderab le, wh i l e  it  i s  much 
sma l ler  in for i n stance the pa lmar  grasp refl ex. 

2. l t  is poss ib le  that the number of i ncons istencies i ncreases on a pa
ra l le l  with the deve lopmental range. Actua l ly  the occurrence of an 
i ncons istency, i .e. a re lapse in score, postpones the moment of the 
fi na l  change and thus pro longs the developmental range. Conse
q uently the l ength of the developmental range cannot accou nt fo r the 
occurrence of i n cons istenc ies .  On ly in the case of a fixed deve lop
mental range ,  i . e. a c lose relat ionsh ip  between fi rst and fi n al change, 
the i ncons istencies cannot pro long  the developmental range. Such 
exc lus ive rel ationsh ips  were not found i n  the p resent group .  

Append ix H p resents the corre lat ion-coeffi cients (Spearman Rank 
Correlati ons) of statisti cal ly s ign ifi cant rel ati onsh ips (p  < 0.01 ) be
tween the number of i ncons istencies and the developmental ran ges. 
In twe lve items such a relationsh ip  was found .  The majority of the 
i tems concerns responses which duri ng  thei r developmental course 
gradua l ly m erge i nto vo l untary moti l ity (e. g .  p l ac ing and parachute 
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reactions ,  rooti ng ,  asymmetri c ton ic  neck response). Some others are 
activity-or state-dependent, such as the Moro react ions which are 
eas i ly i nh i b ited by vo luntary motor activity. I n  the case of the few 
i nstances of "spontaneous" motor behaviour (ro l l i ng ,  type of vo l un
tary grasp ing  and coord inati on of upper extrem it ies) the occurrence 
of i nconsistencies may a lso be state dependent .  Therefore, rather 
than m erely dependent on the length of the developmental range, 
i t  is very wel l poss ib le  that the i ncons istencies depend on the 
behavioura l  state of the i nfant duri ng  the assessment. 
The occurrence of i ncons istencies, wh ich m ay cause a p ro longation 
of the developmental range, may a lso reflect the stra in  under which 
the neurons operate. Thus the i nconsistenc ies wou ld  refl ect rel apses 
of neurona l  function i ng, as a resu lt of temporary fa i l i n g  duri ng  the 
maturation  of bra i n-mechan isms.  

3. McG raw (1 943) drew attent ion to the fact that the vari ous consecutive 
phases of the development of functions reflecti n g  " neuromuscu lar 
maturation"  showed cons iderab le  overlap.  Th is  means that duri n g  
o n e  s ing le  examination responses c a n  be obta ined which be long to 
vari ous developmental phases. Consequently a response obta ined 
at a particu lar  assessment may be accidenta l to a certai n  extent, as 
the i nfant can d isp lay various responses at one particu lar  age, i .e. 
duri ng  one s ing le  assessment. McGraw showed that this overlap of 
phases cou ld extend over weeks or months .  I f  seen i n  this context, 
the i nconsistenc ies may be cons idered as artifi ci a l ,  i .e .  depend ing  on 
the (accidenta l) moment of examinat ion and observati on .  

4. Fina l ly, the i ncons istencies may refl ect the qua l itative variab i l i ty of  
the nervous system duri n g  development. The data of fi gure 46 and 
Tab le  XIX suggest that  the occurrence of  i ncons istencies i s  charac
terist ic of both i nd iv idual  items and i nd ivi dual i nfants, without an 
evident relationsh ip  between these two characteri st ics. Therefore 
the p resence of incons istencies may also be consi dered as resu lti n g  
from the variab i l i ty p roper t o  t h e  hea lthy o rgan ism .  

Theoret ical ly, no specific c lusters of  items can  be expected with regard 
to the occurrence of i nconsistencies. Moreover, the variab i l ity of thei r 
occurrence p ro item and p ro i nfant is so l arge and unsystemat ic  that a 
computation of relationsh ips wou ld  hardly g ive any mean i ngful resu lts.  
Th is is  confi rmed by the rank order correlat ion (Spearman Rank Corre
lat ion) .  There were l ow, b ut i so l ated relationsh ips  between about ha lf  of 
the items, but a systematic coherence was not found .  lt appears that the 
occurrence of i ncons istencies depends on the type of item ; furthermore 
they appear to occur more or l ess random ly. 

The practica l  consequence of the occurrence of i ncons istenc ies i s  con
s iderab le, because they i nd icate that the resu lts of a s ing le  assessment 
cannot be regarded as refl ecting  the p roper neuro log ica l  cond it ion of an 
i nfant unequ ivoca l ly. 
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Chapter XV D iscussion and concl u sions 

The nervous system can be cons idered as an i nformat ion p rocess ing  
apparatus wh ich cons ists of  a comp lex set of  brai n mechan isms .  To 
quote Prechtl (1 970) : " lt ( i . e. the nervous system) receives, conducts, 
transfo rms,  compares and generates messages. In the deve lop ing  ner
vous system the operations of the nervous system at each developmen
tal stage are adapted, as a resu lt of the h i stori cal  processes of evo lut ion ,  
to the i nterna l  and externa l  cond it ions of the organ i sm" .  I n  th i s  conno
tat ion a b ra i n  mechan ism is defi ned as a network of neurons and synap
ses, wh ich  cons ists of subrouti nes fo r specifi ed nervous activity. Us i ng  
terms from computer techno logy, once can say that a bra in  mechan ism 
(or neura l  mechan i sm) presupposes the presence of " hard-ware" , and 
at the same t ime imp l ies operative "soft-ware" .  One may ga i n  i n si ght in  
the organ ization  of these mechan isms duri ng  the ir  maturation  by study
i n g  the deve lopmental changes occurri ng i n  thei r (motor) output. 
The question  ari ses whether matu rat i on and o rgan izati on  of neura l  me
chan i sms take p lace i n  accordance with a fixed ti me-schedu le ,  as hap
r;>ens in motor behaviour, wh i ch in general develops accord i ng  to a ra
ther regu lar sequence. If th i s  were the case, neura l  mechan isms requ i r
ed for functi ons  wh i ch develop early, wou ld  mature fi rst and i n  due 
course they wou l d  be fo l l owed by mechan isms needed fo r functions 
wh ich appear l ater. Th i s  vi ew has been fo rwarded by Anokh i n  ( 1 964) . 
lt i s  a lso poss ib le  that the various neura l  mechan isms mature with wide 
overlap ,  or  even synchronously, but that the i r  output becomes apparent 
in a more or  less fixed sequence of time, dependent on the period of 
t ime needed fo r the i nteg rat ion or  l i nk ing together of previous ly sepa
rate modu les .  Fi na l ly, there may be a comb inat ion of these two proces
ses. In th i s  connotat ion the term "maturati on"  means the structura l  cq. 
morpho log ica l  changes wh ich occur in the nervous substrate duri ng  
ontogeny and  wh ich  are based on an i ntricate i nterp lay between genetic 
and envi ronmental factors. In order to answer the question ment ioned 
above, a set of items has been sel ected be long i ng  to the neuro log ical 
assessment duri n g  i nfancy, which descri be the developmental expan
sion of the i nfant's neuro log ica l  reperto ry .  
The items cou l d  be d iv ided i nto four  groups.  
The fi rst group  conta i ns those items wh i ch d id  not show any substanti a l  
changes from b i rth onwards. The  second group conta ins  items wh ich 
deve loped rap i d ly. The th i rd group conta ins  items which showed a pro
tracted but d i sti nct developmental course, wh i l e  in the fourth group are 
p l aced those items which showed either an i nd i st inct developmental 
course, so that a f i na l  predefi ned l i m it of development cou ld  not be de
term i ned unequ ivocal ly, or  a p rotracted development exceed i n g  the 
per iod of the fo l l ow-up ,  wh i ch ,  fo r pract ical  reasons,  was ended at the 
m i l estone of walk i n g  free. 
The i tems of g roup  I did not show any notab le  changes from the fi rst 
exam i nat ion onwards. From th i s  one may conc lude that thei r neura l  me-
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chan isms are suffi ci ently mature at b i rth . These mechan isms can be seen 
as basic for the fu rther developmental d ifferenti at ion of nervous functi
.on i ng. 
As for the items of group 11 , which showed a rap id  developmental course, 
the ir  fi na l  stab i l izati on  took p l ace after a short peri od of time .  Th i s  
means that thei r neura l  m echan isms mature rap i d ly. These items can  be 
consi dered to be based on neura l  mechanisms which form an e laborati on 
and expans ion of the mechan isms of the items of group I .  
Undoubtedly, the functiona l  expression o f  these mechanisms is o f  pri,.  
mary importance for the i nfant' s subsequent development. To give an 
example, the i tems deal i n g  with the visual apparatus refl ect a functiona l  
d ifferentiat ion of th is  apparatus which i s  a prerequ isite for an adequate 
development of motor patterns l i ke grasp ing ,  s itti ng ,  crawl i ng  and wa lk
ing .  
Thus group I and 1 1  represent neura l  mechan isms whose maturation 
must take p l ace befo re other mechan isms can p roperly man ifest them
selves, and wh ich may even be considered as a prerequ is ite fo r the ma
turation of the latter. Th i s  does not imp ly that neura l  mechan isms for 
e .g .  grasp ing  or progress ion i n  p rone position cannot develop when the 
neura l  m echan isms underlyi ng  vi sua l  functions for i nstance are defic ient. 
l t  i s  a wel l -known fact that b l i nd  i nfants develop grasp ing  and crawl
ing patterns .  However, these motor patters develop differently from 
those i n  i nfants with a wel l  developed vi s ion .  Th is example i l l ustrates 
the mou ld i ng  effect of one neura l  mechan ism,  or of the expressions of 
one mechan ism,  on the subsequent development of other mechan isms.  
A spec ia l  remark m ust be made about the "stepp ing  movements" of the 
very young  i nfant. Th is motor p attern , based on a spinal  coord inat ion 
mechan ism,  d isappears i n  the fi rst months of l i fe but reappears at wal k
i ng  age. lt seems h i ghly improbable that the neura l  mechanism which 
i s  respons ib le  fo r the stepp i ng  movements d issolves comp letely, on ly to 
reappear at a l ater age. l t  is  more l i kely th at th is  m echanism becomes 
dom inated by mechan isms u nderlying other motor patterns ,  such as 
symmetrical and asymmetri ca l f lexion and extens ion movements of the 
l egs, wh ich appear at about the age when the "stepp ing  movements" 
van ish (cf. fig .  7 ,  9, 1 0). Duri ng  this period of dominat ion of the ori g ina l  
sp ina l  m echanism by other mechan isms (wh ich serve the differentiation  
of l eg moti l ity), the sp ina l  mechan ism is i ncorporated i n  more comp lex 
mechan isms wh ich fi na l ly resu lts i n  vo luntary and variab le  walk ing pat
terns .  l t  goes without sayi ng that a lso the mechan isms for asymmetrical 
and symmetrical leg mot i l ity which temporari ly repl ace the stepp ing  pat
tern , are i ncorporated in th is  fi na l  organ ization of b ra in  mechan isms for 
wa lk ing .  
As for the items of group I l l  and IV, wh ich showed a p rotracted develop
mental course, genera l ly thei r fi na l  stab i l ization  takes p lace after a con
siderab le  peri od of t ime.  Some items of group IV had not yet become 
stab i l ized at the close of the fo l low-up .  
The rema inder of the i tems of group IV, i . e. the items which reached 
thei r fi na l  stab i l i zation  before the moment of wa lk ing free, g radual ly 
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m erged i nto vo l untary motor patterns, so that it was impossib l e  to ind i 
cate the moment of fi n al stab i l ization  on  the tim e-sca le. Th is  was not 
the case with the i tems of group I l l ,  fo r which an evident fina l  change 
or  fi na l  stab i l izati o n  cou ld be defi ned .  Thus the neural mechan isms 
wh ich ach ieve expression i n  the i tems of these two g roups ,  show a 
p rotracted deve lopmenta l course, which is not necessari ly fi n ished at 
the age of walk i n g  free (th i s  confi rms the arbitrari ness of the age of 
wa lk i ng as the end of the fo l l ow-up (cf. chapter 1 1)). Duri ng th is  
deve lopmenta l cou rse various p rocesses take p lace. In  some items 
the g radua l  deve lopment of a motor behaviour  i nto its fi na l  form sug
gests a smooth and  s low integration of its underlyi n g  neura l  mechan ism 
in to m ore comp lex m echan isms .  Th is  is for i nstance the case with tact i le  
p l ac ing  of the feet or  the positive supporti ng  react ion .  I n  others there 
i s  a more abrupt change of response-type, as happens,  for i nstance, i n  
the items descri b i n g  the mai ntenance of ba l ance (e.g .  response to push 
du ri n g  s itti ng) and  the optical p laci n g  reacti ons .  Thei r u nderlyi ng  me
chan isms seem to ach ieve express ion as soon as they have matured 
suffi ci ently, i rrespective of thei r rate of matu ration .  
I n  other items d ifferent b ra in  mechan isms seem to  be  i nvo lved i n  the 
fi na l  stab i l izat ion . I n  th is connecti on it is noteworthy that the fi na l  chan
ges of sitti ng  up, stand ing  and walki ng  are c losely correl ated. As long  
as these m otor activit i es need extern al support, the i r  neura l  mechan isms 
mai n ly cons ist of the regu lat ion of  active power. I n  sitti ng  up ,  stand ing 
o r  wa lk i ng  i ndependently neura l  mechan isms fo r the ma intenance of  
bal ance m ust be i nvo lved . The deve lopment of  equi l i b ri um  react ions,  
such as response to push against the shou lder, o r  vi sua l  fo l lowi ng  an 
object with rotat ion  of head and trunk  duri ng s itti ng ,  shows that the 
m aturation  of neura l  mechan isms for ba lance takes p lace at about the 
same tim e  as the m atu ration  of the neura l  m echan isms for the motor 
p rogrammes requ i red fo r s itt ing up with hel p .  Here is an examp le  of 
various modu les which develop more or less i ndependently from each 
other  at about the same time, but wh ich are l ater l i n ked together. 
Whi l e  in the case of the items of group  I and g roup 1 1  there seems to be 
a tim e  sequence in the maturation of bra in  mechan isms ,  in the case of 
m any i tems of gro u p  I l l  and IV there seems to be a contemporary matu
ration  of b ra i n  mechan isms wh ich may ach ieve expression consecutively. 
The d issol ution  of the pa lmar  grasp refl ex for i nstance takes p lace at 
about the same tim e  as the begi nn i ng  of the development of vo l untary 
grasp i ng ,  which m i ght imp ly that a d isso l ut ion of the pa lmar  grasp reflex 
is a p rerequi site for the development of vo luntary grasp i ng .  Yet the fi nd
i ngs show that a pa lmar g rasp reflex and the i n iti a l  type of vo l untary 
grasp ing  may co i ncide ;  the relationsh ip  between the d isso l ut ion of the 
former and the fi rst appearance of the l atter was appreciab ly low. Thus 
the neura l  mechan isms on which these items are based may operate at 
the same time without being causa l ly related . 
If b ra i n  m echan isms mature i ndependently duri n g  the same period of 
t ime,  it may be  argued that the morpho log ica l  maturation of various parts 
of the nervous  system a lso takes p l ace i ndependently. Th is  hypothesis 
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is supported by an ana lys is  of the l ater phases of the development of 
vo l untary grasp ing ,  i . e. the sequence of sci ssor-type via i nferior  p i ncer
type and po int ing ,  to p i ncer-type. Th is  type of vo l untary grasp i ng  repre
sents d ifferenti ated use of the hand and fi ngers ,  i .e. fi ne man ipu lative 
motor activity; it is a co rti cal functi on ,  wh i l e  the other types of grasp ing  
are of  non-cort ical orig i n  (see page 56) . The phase of  "po int ing" ap
pears to be a rather i ncapacitat ing and upsetti ng period of development 
fo r many i nfants, in which obvious ly other grasping-types do not occur. 
lt can be reg arded as the period dur ing which the vari ous modu les are 
l i nked together. If th i s  hypothesis is correct - experiments with rhesus 
monkey i nfants po int in th i s  d i rect ion - the development of vol untary 
grasp i ng  is an i l l ustrat ion of the i ndependent maturat ion of b ra in  mecha
n isms because the i r  underlyi ng  neural structures deve lop rel atively i nde
pendently of each other. 
As for the question raised at the beg i nn i ng  of th i s  chapter, at least three 
types of neural mechan isms can be d isti ngu ished.  Fi rst ly there are those 
mechan isms whi ch are present at a very early stage of the i nfant' s de
velopment. They are regarded as a p rerequ is ite for further development. 
Examp les are the neura l  mechan isms for visual and acoustical percept ion 
and the mechan isms for the generation of adequ ate muscle tens ion .  
They can be label led "primary" or  "basic" neura l  mechan isms.  
Second ly, there are those neura l  mechan isms wh ich gradual ly merge 
i nto l arger and more c'omp lex mechan isms, or wich seem i ng ly d isappear 
comp letely and reappear i n  another from at a l ater phase of develop
ment (e. g.  stepp ing  movements and vo l untary walki ng  patterns). They 
may reappear at periods of a break-down of the organ ism (e. g .  reappea
rance of " i nfanti l e  response" - l i ke react ions in deteri orat ing patients). 
These m echan isms seem to mature accord ing to a rather regu lar  se
quence. Th i rd ly there are the mechan isms wh ich mature more or less i n 
dependently and become l i nked together at  a particu lar  moment, which 
process resu lts i n  differentiated motor patterns (e.g .  the development of 
vo l untary grasp ing , ending with the p i ncer grasp and the development 
of i ndependent sitti ng-up ,  stand ing  and wa lki ng) .  
One m ight expect some parti cu lar  neural mechan isms to d i sappear 
dur ing ontogeny, because they l ose thei r functiona l  s ign if icance after 
a particu l ar phase of development. Certai n ly the functi ona l  expression 
of some ear ly neura l  mechan isms d isappear, as for i nstance the palmar 
grasp response, the Moro react ions and rooti ng .  M i l an i-Comparetti 
contends that such a d isappearance is a prerequ is ite for development 
of other specifi c motor patterns. The palmar grasp reflex for i nstance 
must have d isappeared before an i nfant is  ab l e  to support h imself 
on his (opened) hands i n  prone position .  The p l antar grasp reflex shou l d  
have disappeared before an i nfant i s  a b l e  to stand u p ,  a n d  l i kewise 
the Moro react ions must have d isso lved before parachute-reactions or 
p laci ng  react ions occur (M i l an i-Comparetti and G idon i ,  1 967) . The p re
d iction  b ands for the developmenta l courses of these items suggest 
that the rel ationsh ips as postu l ated by M i l an i-Comparetti are weak, if 
p resent at a l l .  On computat ion no si gn ifi cant corre lat ions were found .  
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This is not surp ri s i ng ,  as the emperical  fi nd ing  that some " i nfanti l e  res
ponses" wane at a n  age at which d ifferentiated motor behaviour has 
not yet developed but starts to do so, does not imp ly a causal re l ation
sh ip  between these two sets of phenomena,  _ 
Moreover, it i s  questionab le  whether the neural mechanisms themselves 
d i sappear. The n u m ber of synapses changes cons iderab ly duri ng  devel
opment; consequently the functiona l  man ifestations  of neu ra l  mecha
n i sms a l so change dur ing  development. A defi n ite and tota l d isappearan
ce of neura l  mechan isms,  however, wou l d  imp ly a thorough rearrange
ment of neura l  connections to such an extent that the orig i na l  pattern 
wou ld  no l onger be recogn izab le .  Th is  seems h ard ly compati b le  with an 
effic ient maturat ion of a comp lex system which h as to fu l l fi l present 
functi ona l  dem ands  and at the same t ime must i ncrease in differenti ati on 
and comp lexity i n  o rder to fu l lfi l  future demands. (cf. Eccl es, 1 973) . 
C l i n i ca l  experience as wel as research reports support the view that 
neura l  mechan isms do not d i sappear defi n itely and tota l ly. 
lt is a wel l-known c l i n ical  experience that in some deterio rati ng d i seases, 
or  in cases of serious bra in  damage, motor patterns may become mani
fest wh ich c losely resemb le  patterns known from i nfancy, such as suck
i ng  responses,  g rasp reflexes etc. (Pau lson and Gott l ieb ,  1 968) . Thus we 
may assume that d u ri ng  ontogeny some neura l  mechan isms seem to di s
appear because they become dominated or covered by other mecha
n i sms or because they expand or are combi ned with other mechan isms,  
without los i ng  the ir  characteri st ics.  Th is exp lai ns their  reappearance at 
l ater ages under specif ic c i rcumstances. 
H owever, the fun ct iona l  d isp lay of such neura l  mechan isms does not 
d isappear i n  a l l  i nstances. Fo r i n stance the ton ic  neck responses seem 
to d isappear duri n g  development. Apart from thei r reappearance under 
patho log ica l  c i rcumstances, wh ich shows that their neura l  mechanisms 
do not di sso lve, they can be observed a lso i n  non-patho logical conditi
ons ( i .e .  in hea lthy i nd ivi dua ls) if proper examinat ion techn i ques are ap
p l ied .  Frankstei n et a l  ( 1 972) demonstrated their presence in the resp i ra
tory musc les of hea lthy adu lts by means of el ectromyograph ic  record
i ngs .  A change of the posit ion of the head (rotat ion as wel l  as t i l t ing) 
mod ifed the tonus of the respi ratory chest muscles .  Wel l s  ( 1 944) report
ed s im i lar  fi nd i ngs  for the l imb-muscu lature i n  norma l  humans .  Another 
examp le  of a seem i ng ly defi n ite change of a motor programme is the 
Bab i nski response, which under norma l  condit ions di sappears duri ng  
ontogeny as i s  described i n  the present study, but which can  sti l l  be  
e l i ci ted i n  norma l  adu lts duri ng  s l eep (Batti n i  e t  a l .  1 965) . 
The so-ca l l ed " i nfanti le  responses and reactions" such as the grasp
reflexes, the Moro react ions,  the stepp i ng  movements, the Bauer reac
tion  etc . shou ld  be cons idered as a d i sp lay of neura l  mechan isms wh ich 
be long specifica l ly  to the very young  nervous system .  Their  changes re
fl ect the o rgan izatio n  of the b ra in  duri n g  deve lopment, whatever thei r 
functiona l  mean i ng  i n  a te leo log ica l  sense m ay be (or may have been). 
Fo r their functiona l  d isp lay the neura l  mechan isms uti l i ze s im i lar  fina l  
common pathways as other more differenti ated mechan isms wi l l  do at 
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a l <?ter stage of development. Moreover, it is poss ib le  (and  in some in
stances probab le ,  fo r examp le  stepp ing  and crawl i ng  movements) that 
the mechan isms themselves may be "uti l ized" by mechan isms wh ich 
develop l ater. I n  th is view they may be  regarded as p reparatory for future 
development, but there need not be a causal relationsh ip  between the 
d isso lut ion of thei r functiona l  d isp lay and the genesis of l ater motor be
haviour. Dur ing ontogeny they wi l l  become latent as a resu l t  of the devel
opment of subsequent mechan isms ,  but they may be "taken up" again 
if needed. The development of such "dominat ing" mechan isms p l ays a 
s ign if icant ro l e  in th is  process. If in damaged organ isms these " domi nat
i ng"  mechan isms fa i l  to develop properly, it is conceivab l e  that the de
velopment of the fi na l  d ifferentiated motor behaviour  may be hampered .  
For  instance i f  the pa lmar g rasp reflex fa i l s  to  di ssolve, i . e. if the neu
ral mechan ism fo r the pa lmar  grasp reflex is  not properly dom inated by 
mechan isms fo r vo l untary motor behavi our  of the hands and th� · fi n 
gers, it is  not surpris i ng  that th i s  wi l l  d isturb the proper development of  
type of vo l untary grasp ing  ( i .e . a specif ic type of vo l untary use of the 
fi ngers) .  I n  a s im i lar  way, the pers istance of an asymmetri c ton i c  neck re
flex (resu l ti ng  from a defic ient development of dominati ng  mechan isms 
fo r f lexion/extens ion patterns of the arms o r  legs) m ay resu l t  i n  a d�fec
tive development of goal-d i rected moti l ity of the arms and hands or of 
vol untary s itti ng  or walk ing .  
I n  the begi nn i ng  of th is chapter it was argued that in  genera l the ft.mc
t ional  development of the human i nfant takes p lace accord ing  to a r�gu
lar  sequence. Th i s  means that one can observe a gross outl i ne  of de
velopmental sequence, i n  so far as particu lar  funct ions must have de
veloped before others ach ieve express ion .  This is  not contradi cted by 
the fact that there may be great variab i l ity in deta i ls ,  i nter- as wel l  as 
i ntra- i nd iv idual ly. For instance, an i nfant must be ab le to l ift his head i n  
sup ine  posit ion before he i s  capab le  of  s i tti ng  up ,  and the  majo rity of 
infants are ab le to sit up before they can asume stand ing posture. How
ever, th is is not a lways the case. In our  g roup some i nfants developed 
the ab i l ity to stand  before they were ab le  to s it up i ndependently. Ano
ther examp le i s  the common experi ence that many i nfants are ab le  to 
s it without support for a consi derab le period of time before they can 
sit up i ndependently, or that some i nfants do not crawl at al l  before wal k
i ng  free. 
The differences between boys and g i rls , however s l i ght, with respect to 
the development of d ifferent motor patterns also i nd i cates the i nter-;-i nd i
vi dua l  variab i l i ty. In this case it may be caused by endocri ne  infl uences. 
Flechs ig 's  (1 927) op i n ion that g i rls  develop faster than boys i n  al l func
t iona l  areas as a resu l t  of a general ly advanced mye l inat ion in the case 
of the g i rls , is  contradi cted by the fi nd ing  that the d ifferences between 
the boys and the g i rls  of the p resent group were variab l e  with regard 
to various functiona l  areas. 
Besides a variab i l ity i n  the sequence of the development of motor func
t ions,  the rate of development may vary widely. I n  one and the same i n
fant various motor patterns may respectively develop rapi d ly or s lowly; 
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they may a lso start to develop early or l ate, wh i l e  one and the same mo
tor pattern may deve lop rap id ly or  s lowly, cf. ea rly or l ate, i n  d ifferent 
i nfants. 
Apparently there is a ki nd  of b l ueprint  of deve lopment characteristi c for 
each i nd iv idua l  i nfant, with poss ib ly a g reat variety in deta i l s .  Th i s  may 
resu lt i n  a genet ica l ly determ i ned variab i l i ty in development (Scott '57) .  
However l i ttl e may be known about the contribut ion of i n nate and envi
ronmental factors to the development of an i nfant, it i s  evident that there 
is an i ntricate but variab le  i nterp l ay between these two as is d iscussed 
for i n stance by Bekoff and Fox ( 1 972). 
Another examp le  of the i ntra -and i nteri nd ividua l  variab i l ity duri ng  devel
opment i s  the occurrence of i nconsi stencies.  The frequency with wh i ch 
these occur appears to be characteristic fo r i nd ividua l  i nfants as wel l  
as for particu lar  items .  A s  is d iscussed i n  chapter XIV, i n  some infants 
part icu lar  items tend to show many i nconsistenc ies duri ng  thei r devel..:  
opmenta l course;  at the same t ime other i nfants show many incons isten
c ies du ri n g  consecutive assessments, but defi n itely not i n  al l items. lt 
was postu lated that the occurrence of i ncons istencies can be considered 
as a characteri stic of a norma l ly develop i ng  nervous system . 

Fi na l ly a few remarks wi l l  be made about the p ractical imp l i cations  of 
the fi nd ings  of the p resent study. 
1 .  The items of gro up I and 11 can be consi dered to refl ect the i ntegrity 

of basi c neural m echan isms which are a prerequ is ite for adequate 
neuro log ica l  deve lopment duri ng  i nfancy. Therefore they wou l d  ap
pear to be of c l i n ica l s ignif icance for a neuro log ical assessment. 

2 .  The items of g roup  I l l  wou ld  appear to be of c l i n ica l  s ig in i ficance i n  
so far a s  they reflect t h e  qual itative development o f  neura l  mecha
n i sms ;  these, h owever, show a developmental course wh ich may 
vary widely i nteri nd ividua l ly. 

3. From a strictly developmental po int of vi ew, the items of group IV 
seem hard ly usefu l ,  as thei r variab i l ity is  large and in some instances 
the ir  deve lopmental course i s  p rotracted excess ively. For a neuro lo
g i ca l  assessment they are usefu l on ly i n  the case of evident and 
cons istent qua l i tative deviat ions from normal  responses, such as evi
dent l eft- ri ght d ifferences i n  motor performances. 

4.  l t  i s  not advisab l e  to use iso lated motor perform ances as ind icators 
for neuro log ica l  development and neuro log ica l  i ntegrity, due to the 
large  variab i l ity of the deve lopmental rate of the various items and 
the l ow relationsh ips between the majority of them.  An evaluation of 
the· neu ro log ica l  deve lopment as wel l as the neuro log ical  i ntegrity 
can on ly be m ade by means of a comprehensive assessment of 
the i nfant. 

5. As a consequence of the l a rge developmental variab i l ity i ntra- as 
we l l  as i nter- i nd iv idua l ly, i t  i s  hard ly poss ib le  to l abel  an i nfant as an 
"early or  a l ate d eveloper" o r  as a " rapi d or  s low deve loper" .  
M i l estones i n  the i nfant's functiona l  deve lopment are o f  l im ited va lue 
from a neuro logi ca l  and developmental po int of view. 
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6. The regu lar  occurrence of i nconsistencies i l l ustrates the sma l l  value  
of  one s ing le  assessment. For an adequate eva luat ion of the neuro lo
g ica l  deve lopment and of the neuro log ica l  i ntegrity of an i nfant, re
peated assessments are needed. 

"And being _:!''IOW at some pause, looking back into that I have passed 

through, this writing seemeth to me, si nunquam fa/lit imago, (as far as 

a man can judge of his own work) nbt much better than that noise or 

sound which musicians make while they are tuning their instruments: 

which is nothing pleasant to hear, but yet is a cause why the music is 

sweeter afterwards" . 

Francis Bacon (1605) 
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Appendix A: Cri teria for optimal obstetrical cond itions (adapted from Prechtl ,  
1 968) . 

maternal age 

marital state 

parity 

abortions i n  h i story 

pe lvis 

luetic i nfect ion 

Rhesus antagon ism 

b lood g roup i ncomptab i l ity 

nutrit ional state 

anaemia 

bleed ings duri ng  pregnancy 

i nfectionS' duri ng  pregn ancy 

X-ray abdomen duri ng pregnancy 

toxaemia of pregnancy 

b lood pressure 

a lbuminuria and oedema 

i ntra uterine posit ion 

psychological stress 

prolonged u nwanted steri l ity (2 years) 

hype rem esi s• 

maternal chron ic  d iseases 

gestat ional age 

twi ns or  mult ip le b i rth 

del ivery 

fetal presentat ion 

drugs g iven to mother 

duration fi rst stage 

duration  second stage 

contractions 

cord around the neck 

onset of respiration 

treatment, resuscitat ion  

b i rth weight 

body temperature 

d rugs g iven 
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1 8-35 years· 

married 

1 -6 

0-2 

no d isproport ion 

absent 

absent 

absent 

wel l  nourished 

absent 

absent 

absent 

no 

absent or m i l d  

not  exceed ing 1 40/85 

abs·ent 

vertex 

absent 

absent 

absent 

absent 

38-41 weeks 

no  

spontaneous 

vertex 

02, local anaesthetic 

6-24 hours 

1 0  m inutes - 2 hourS' 

moderate or strong 

no or loose 

with i n  fi rst m inute 

no  

2500-4000 gr. 

normal 

n i l 



Append ix B: Criteria for neonata l  neuro log ica l optima l ity (accord ing to Prechtl 
and Beintema, 1 964). 

Resting posture : 
Facia l  innervation :  
Tremor, frequency: 

Tremor, ampl itude:  

Posture i n  s·upine pos it ion: 
Spontaneous moti l ity: 
I ntensity of spontaneouS' moti l ity: 
Atheto id  movements : 
Deviant mot i l ity: 
Fontane l les :  
Spontaneous eye movements : 
Nystagmus: 
Pupi l lary reactions:  
Optical b l i nk :  
Muscle consistency: 
Motor apparatus :  

Abdomina l  sk in reflex: 
B iceps tendon reflex: 
Knee jerk: 
Rooti ng :  
Sucking : 
Jaw jerk: 
Pal m ar g rasp: 
P lantar grasp:  
Posture of the armS' dur ing 
traction test: 
Head contro l :  
Foot so le  response: 

Withdrawal reflex: 
Magnet response: 
Cross·ed extension reflex: 
Asymmetric ton ic  neck reflex: 
Moro threshold : 
Moro abduction, arms : 
Moro extensi<;>n,  arms:  
Headl ift i n  prone pos it ion :  
Spontaneous crawl ing 
movements :  
Ga lant response: 
Posture in prone suspens ion: 
Tacti l e  p lacing of the feet:  
Stepping, movements : 
Cryin g :  
State changes: 

symmetrical ; flexion ,  sem iflexion 
symmetrical during rest and movement 
no tremor, or tremor with h igh  frequency 
(> 6/sec) 
no tremor, or tremor with l ow ampl itude 
(< 3 cm) 
symmetrical ; sem iflexion of the extremit ies 
alternat ing movements 
med ium i ntens ity 
med ium i ntens ity in the f ingers and toes· 
absent 
normal range and consistency 
occas iona l ly conjugated 
absent 
present and symmetrical 
brisk 
moderate 
medium resistance against passive movements ; 
moderate active power; range of movements 
normal 
present and symmetrical 
bris·k and symmetrica l 
br isk and symmetrical 
present i n  four  d i rections 
powerful and regu lar 
present 
symmetrical ; med ium i ntens i ty 
symmetrica l ;  med ium intensity 
flexion of the e lbows 

present dur ing 4-1 0 S'econds 
evident and symmetrical dors iflexion of the b ig  
toe 
present and symmetrical 
present 
present and symmetrical 
symmetrical if  pres·ent 
med ium 
symmetrica l ;  medi u m  
symmetrical ,  med ium 
present during 3- 1  0 seconds 
present and symmetrical 

present and symmetrical 
head in one l ine  w ith trunk 
present and symmetrical 
present and symmetrical 
normal p itch 
absent, or mi ld and eas i ly i nfluenced 
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Appendix C: Means,  standard deviat ions and coefficients of s kewness and kur
tos i s  for the items of gro u p  I l l , inc lud ing speech deve lopment (tota l 
gro u p) .  

F irst change 

Observation of posture and motility 

S pontaneous posture of the arms 2 .60 0.904 1 .7 1 1 5.95 
S pontaneous posture of the legs 2.26 0.527 1 .899 5.72 
S pontaneous m ot i l ity of the a rms 2.00 c c c 
S po ntaneous mot i l ity of the l egs 2 .90 0.763 0.446 2 .65 
S po nt .mot. of the l egS' in vert.suspens ion  2 .74 0.777 ·] . 008 3.91 
Goal d i rected m oti l ity of the arms 3.22 0.545 0. 1 07 2.80 
Type of vo luntary g ras p ing 4.48 0.677 0.272 2 .81  
Coord i n at ion of u pper extrem ities 6.62 1 .067 -0..2 1 5 2 .61  
Post. of head ,  tru nk ,  arms i n  prone positi on  3.50 0.8 1 4  0.000 2.51  
Locomotion i n  prone posit ion 7 . 1 8  1 .257 0.030 3.92 
R o l l i ng  over from s u pine i nto prone pos'it ion 6.74 1 .352 0.382 3.64 
R o l l i ng  over from prone i nto supine positi on  6.90 1 .488 0.023 2.99 
S pontaneous head l ift in sup ine posit ion 7.20 1 .294 -0. 1 49 2.89 
S itting  u p  6. 1 8  1 .380 1 0.660 3. 33 
Duration of s itt i n g  9.24 1 .636 0.428 2.48 
Postu re of the tru n k  duri ng S'itti ng 9.20 1 .629 0.389 2 .48 
Stand i n g  u p  1 2 .30 1 .502 0.391  3.01  
Wal k ing 1 3.48 2 .073 0.536 3. 1 3  

Reactions and Responses I I 
Root ing 8.58 1 . 1 62 0.238 2 .03 
Asym.  ton ic neck res ponse, i m pos·ed 2.06 0.580 0.623 4.91 
Asym. ton ic neck response, spontaneous 2 .00 0.600 0.561 4.72 
Pa lmar  g rasp ref lex 5.68 1 .058 -0.690 2.97 
Reaction  to push a g a i nst s hou l der d .s itt ing  9.22 1 .682 0.403 2.33 
Fo l low.an obj. with  eyes head and tru n k  d .s itti ng 9.28 1 .642 0.382 2.42 
O ptica l p lac ing of the hands 8.26 1 .065 -'0.022 3. 1 3  
Parachute reactio n  o f  arms and  hands i n  prone susp.  9.96 1 .678 -0.041 4. 1 4  
O ptical  p lac ing reacti on o f  the feet 1 1 .58 1 .6 1 7  0.41 0 3.35 
Footso le  response 8.70 2.435 0.045 4.06 
Acoustical  orient i ng 4.92 0.752 -0. 1 62 2.47 
Moro headdrop ,  a d duction/flexion  - - - -

Moro headdrop,  a bduction/extens ion 2 .50 0 .789 1 .385 3.88 
Moro l ift, adduct ion/flexio n  - - - -

Moro l i ft, abduct ion/extens ion 5.76 1 .66 1 -0.450 2.78 
Moro h it, adduct ion/flexion - - - -

Moro h it ,  a bducti on/extens ion 4.28 1 .629 0.256 2.27 
Vocal ization and  s peech 2.52 0.544 0.306 f.88 
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Appendix D Corre lation coeffic ients (p < 0.01 ) of the re l ationsh i ps between the f irst and the final c hanges 

of the itemS' of g ro u p  I l l ,  i nc lud ing s peech development (total group) (Pearson Product-Moment 

Corre l at ions) 

Type of volu ntary grasping 

Coordinati on u pper extr. 

Locomotion in prone 

Ro l l ing s u p i ne i nto pro ne 

R o l l i ng prone into sup ine 

S itting  up 

Duration of sitti ng 

Posture, s itt ing 

Stand ing up 

Wal king 

Palmar grasp reflex 

React ion to push,  S'itt ing 

Fol l owing object, s itting 0 ptical p laci ng· hands 

Parachute react ion hands 

pt ical  p lacing feet 

oro l ift abd./ext. 

oro h i t  abd ./ext. 

0 
M 

M 

R 

A s 
ooting 

coustical orienting 

peech 

F R I ST CHANGE 

.449 

.368 

.393 

.449 

.366 

.352 

.376 

I 
({) ({) E C) I-
CO � 
Q) Q) I- I-
:J .a +' ({) ({) 

UJ 0 0 0 0. 0. 
z ({) ({) <( :J :J 

0 0 I Q) Q) 0 c c 2 I 2 _j <( c c 
0 0 z 0. 0. u:: (f) (f) 

.376 

.43 1 .440 

.4 1 3  .40 1 

.659 

.598 

.376 

.420 .41 6 

,4 1 3  .433 

.505 .354 

- .361 
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.574 

.:499 .383 .426 .455 

.478 .364 .41 2 .444 

.798 .495 .371  .690 .651 .484 
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Appe n d ix F Corre lat ion coeffic ients (p < 0.01 ) of the interrelationsh i ps of the f inal changes of the items of 
g roup I l l  (total group) (Pearson Product-Moment Correl at ions) 
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Append ix E Corre l at ion coeffic ients (p < 0.01 ) of the i nterrelat ions h i pS' of the f i rst changes of the items 
of g ro u p  I l l  (tota l g roup) (Pearson Product-Moment Corre l at ions) 

Spontaneous post.arms X 
Spontaneous post.arms X 
Spontaneous m ot . legs .385 X 
Goal-d i r. m ot i l ity a rms .365 X 
Type of vo l .grasping x 
Coord . u p pe r  extrem .  .392 3 7 1  X 
Post . in  prone posit. .390 X 
Locomotion in prone x 
R o l l i ng sup-prone .436 X 
R o l l ing pr.S'u p ine  605 X 
Duration of s itting  . 396 490 .429 X 
Postu re s itting  .39 1 478 .41 3 .993 x 
Stand ing u p  .361  .41 9 .384 X 
Wal king  . 497 4 7 2  .399 .370  .897  X 
Asym.ton .neck. i m posed. .41 1 X 
Asymm .ton.neck. spon .  379 .862 x 
Resp. to push ,  s itting .483 .409 .989 .989 .385 .367 X 
Fol l .obj. S'itt ing .400 .493 .421  .993 .986 .420 .392 .990 X 
O pt.p lac ing hands .41 2 .452 X 
O pt. p lac ing: feet .389 .388 .486 .466 .6E8 .59 1 .470 . 499 X 
Moro headdr. abd ./ext. .544 408 -.360 X 
M o ro l ift abd ./ext. -. 398 x 
Rooting .403 

� � � § '" . . w I I 1 l  [ go I I � 
. 

. . _ ro c E .,_, c a. m ·- -
FIRST C HANGE w tl (5 » ·a. � ·u.; e Q) Q) � E . � � -o ....; 

0 0 E .,_, (J) X 0 a. c c ·- ·- � (J) c .,_, ...0 X a. a. ·- � Q) 
a. c e ·- � Ol ..Y � - Ol ro a; ro � 

� � � 0 0) .... � ·- 9- §- (J) :§ a. � c; -55 :§ £ ...__ {3 -ci o o o E o � e § g- � 13 :t= � c: § 5. � � � -a {l 

X 

� � � ....: > §- a. :c:; (J) a. c (J) Ol c � 0 (J) "() "() � .::= 2 2 2 "D b "D c I E 0) 0) • .  2 � c g' � E .,_, :n � I � £ I = � c c c � Q) ._ � o c £ � B � � E E ci o � � o o :c:; 
g_ g_ g_ � a. 8 � g o � 3 � 2 eo � � � - 0. 0. o o 8 w . w  w 0 � u � � � � 0 � w � � � � � 0 0 � � � 





Appendix G: Correlat ion coeffic ients (p < 0.0 1 ) of the i nterrelationsh ips of the developmenta l  rangeS' of 
the items of g roup I l l  (total g roup) (Pea:rson Product-Moment Correlat ions). 

Spontaneous post.a rms I X I I I I I Spontaneous mot. legs .359 X I 
Spont.mot. legs vert.susp.  .554 X 
Type of volunt.grasp ing  X 
Coord .upper extrem. X 
Post.prone poS'it ion .394 .504 .51 5 41 5 X 
Locom. i n  p rone .366 X 
Headl ift i n  sup ine x 
S itti ng  u p  41 5 .454 566 374 X 
Duration of s i tt in g  X 
Posture, s ittin g  .406 459 .694 X 
Standi ng  u p  368 x 
Footsole response .378 359 395 X 
React. to puS'h , s itting .836 .836 X 
Fol l .obj.S'itt ing .892 .840 .934 X 
Opt.p lac ing hands 367 x 
Parachute react.hands 461 X 
Opt.p lac ing feet .408 X 
Moro l ift, abd./ext. x 
M�ro h it ,  abd./ext. I I I I j 

.377 377 X 
Root ing 41 9 x 
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Final  change dev.range i ncons istenc ies 

Aean l si gma I Skew- 1 Kur- 1 Mean j s ig m a  1 8kew- � 
t
Ku�- � Mean \ s igma I Skew- 1 Ku�: n ess tos is ness os·1s ness tos 1s 

I I I I I I I I 
5.oo l 1 . 1 37 0.51 6 2 .93 2 .41  1 .485 0 .354 2 .47 0 .24 0.480 1 .742 5. 1 6  

1 0.04 1 .54 1 0 . 1 38 2 .31  7 . 78 1 .598 0.2 1 7 2 . J 7 1 .00 0.791 0.51 1 2.94 
4 .78 1 . 1 4 1 0 .363 3 . 1 2 2.78 1 . 1 4 1 0.363 3.1 2 0 . 1 4  0.354 2 .041 5. 1 7  

1 2,08 1 .605 0.477 3.36 9. 1 4  1 :.:803 0.043 2 .78 0.51 0.582 0.602 2.38 
1 4. 1 2  2.058 0.31 2 3. 1 2  1 1 .39 2 .289 0. 1 41 2.82 2.24 0 .969 0.050 2.45 
1 3.47 2 .459 0.041  3.26 1 0.20 2 .475 0.047 2 .9 1 0.49 0 .582 0.68 1 2A7 
1 3.29 1 .594 0.427 2 .79 8.80 1 .87 1 0.281 2 .62 0.43 0.540 0.687 2 .28 
1 0. 7 1  1 .607 0.0 1 7 2.86 4 . 1 6 1 .929 0.856 4.62 0.67 0.774 1 . 1 74 4.31 
1 2. 1 6  2. 230 0.61 3 3.89 8.65 2 .350 0 . 1 70 2 .92 f. 1 2  0.807 0.257 2.51 
1 3,73 1 .998 -0.231 2.82 6.53 1 .685 0. 1 05 2 . 1 5  0.55 0.647 0.740 2.52 
7.59 1 .848 1 .555 6.86 0.84 1 .2 1 4  2.931 1 4.78 0. 1 0 0.368 3.794 1 7 .37 
8 .06 1 .345 0.251 3.86 1 . 1 2  1 .201 0 .929 2 .96 0.29 0.577 1 .875 5.41 8 .39 1 .539 -0. 1 1 6  2 .73 1 . 1 6  1 .028 0.833 3.50 0 . 1 4 0.408 2.9 1 7  1 1 . 1 9  

1 2 .45 1 .757 0.225 3.74 6.27 1 .729 -0. 1 47 2.55 0.61  0.671 0 .628 2 .34 
1 1 .65 1 .508 0.385 3.07 L .45 1 .243 0.875 3.26 0. 1 4  0.354 2 .041 5.27 
1 2 .35 1 .640 0.461 3.25 3. 1 8  1 .642 0.958 4.44 0.22 0.468 1 .9 1 6  5.87 
1 6.37 2 .243 0.092 2.65 4. 1 0  1 .246 0.067 2 . 08 0 .04 0.200 4.641 22.54 
1 8,00 2 .380 1 0.056 3. 1 2  4.57 1 .472 

I 0.373 4.0 1 0 .04 I 0 .200 4 .64 1 22.54 

1 2 .92 1 .8 1 2 0.335 3.06 4.37 2 .038 0.760 3.06 1 .04 1 . 1 1 7  0 .825 2.65 
5.59 1 . 1 34 0 . 1 1 1  2 .75 3.51 1 .362 0 . 1 23 2.77 0.35 0.522 1 .035 2 .93 
� . 1 8 1 .244 - 1 .282 7 .51  6 . 1 8  1 .438 -0.924 5. 1 6  0 .78 0:757 0.654 2.93 8 . 69 1 .3'1 0  0 .076 2 .01  3.06 1 .329 0 .532 3.08 0.27 0.491 1 .585 4.5] 

1 ?. 1 2  1 .467 0 .507 4.45 2.94 1 .39 1 0.392 2.36 n.o8 0.277 3.056 1 0.34 
1 1 .96 1 .443 0 .6 1 8  4.74 2 .7 1  1 .4 1 4  0.561 2 .46 0. 1 8  0.391 1 .634 3.67 
'1 0.29 1 .5 1 4  0.999 5.85 2.02 1 .507 1 .405 6.56 0 . 1 6  0.373 1 .822 4.32 
1 2.51  2 .247 0.3 1 5  3.58 2.55 f.780 0.341 2 .23 0.97 0.865 0.468 2.35 
1 2 .94 1 .8 1 9  0.427 2.92 1 .37 1 . 1 31 0 .639 2.51 0.29 0.500 1 .443 4.08 
1 3.61  2.790 0.249 2.58 4.94 3 .256 0.469 2 .63 1 .57 1 . 1 1 8 0.0 1 .98 
6.4!: 0.937 0.380 2.88 1 .51  0.893 0.235 3.07 0. 1 0  0.306 2.629 7.9 1 
3 .06 1 . 1 26 0.942 3. 1 3  - - - - 0.27 0.531 1 .866 5.58 
4 .06 1 .3 1 4 0.221 2 .25 1 .55 1 .276 0.341 2.06 0.41 0.537 0.779 2.42 
5.73 1 .934 0.3 1 1 4 . 20 - - - - 0.69 0.683 0.461 2 .20 

1 0. 73 1 .890 0.668 3.41 4.94 2 . 045 0. 1 28 2.95 0.90 0.872 0._769 2.97 
7 . 1 2 1 .943 0.463 3.80 - I - - - 1 . 1 4  0.890 0.256 2.22 
7 .06 1 .533 1 .053 6.03 2.78 2 . 1 1 4  1 . 1 4 1 6 . 1 1 0 .7 1  0.736 0.498 2 .0 1 

1 2.22 1 .896 1 .008 5.45 9 .7 1  1 .904 1 .001 4.76 0. 1 6  0.373 1.822 4.32 



Appendix J: Variation ranges of the f irst and the f ina l  changes and the number  
of incons istenc ies of the  items of g roup I l l  (total group) .  
The number  of infants with  i ncons isten c ieS', the length of the scoring 
sca l e  and the maximum number  of scores found at a single asseS's-
ment are a lso preS'ented. 
Key: a :  maximal  variat ion range o f  the f irst change 

b: maximal  va riat ion range of the f inal change 
c: number  of i nfants with inconsistencies 
d:  number of i ncons istenc ies 
e :  length o f  the scori ng  s cale 
f:  maximal  number of scores at o ne exam ination 

I temS' a b c d / e 

Observation of posture and motility 
s pontaneous posture of the arms 2- 6 3- 8 1 2  1 3  4 4 
spontaneous posture of the l egs 2- 4 7- 1 3  38 52 4 4 
spontaneous mot i l ity of the arms 2 3- 8 7 7 5 4 
s pontaneous moti l ity of the l egs 2- 5 9-1 6  24 36 4 3 
s pontaneous moti l ity of the legs in  
vert ical  suspens ion 2- 5 9- 1 9  50 1 1 3 6 6 
goal-d irected moti l ity of the arms and 
hands 2- 4 8- 1 9  22 24 7 5 
type of voluntary grasping 3- 6 1 0- 1 7 21 22 7 5 
coord ination of the u pper extremities 4- 9 7- 1 5  27 36 3 3 
postu re of h ead, tru n k  and arms i n  
prone posit ion 2- 5 7- 1 9  40 59 7 6 
l ocomotion in prone pos it ion 
rol l ing over from supine i nto prone 4-1 1 9- 1 8  23 27 6 6 
pos it ion 4-1 1 5- 1 5  4 5 3 3 
ro l l ing back from prone i nto sup ine  
pos it ion 4- 1 1  5- 1 2  1 2  1 5  4 4 
s pontaneouS' head l ift in sup ine posit ion 4-1 0  5- 1 2  6 7 3 3 
s itting u p  4-1 0  8-1 7 26 3 1  4 4 
duration of s itting  6- 1 3  9-l6 7 7 5 5 
posture of the tru n k  dur ing s itt ing  6- 1 3  9- 1 7  1 0  1 1  5 5 
stand ing u p  3-1 6  1 1 -2 1  2 2 5 5 
walk ing 1 0- 1 9 1 2-24 2 2 5 5 

Reactions and Responses 
root ing 7- 1 1 9- 1 7 29 54 5 5 
asymmetric ton ic  neck response 

- imposed 1 - 4 3- 8 1 7  1 8  3 3 
- spontaneous 1 - 4 6- 1 1 30 38 3 3 

pa lmar grasp reflex 3 7 6-1 1 1 2  1 3  3 3 
reaction to push against the shoulder, 
when s itting  6- 1 3  9-1 7 4 4 4 4 
fol lowing an object with the eyes, and 
with rotat ion of the head and trunk,  
when s itt ing  6-1 3  9- 1 7  9 9 5 5 
o pt ical p lac ing reaction of the hands. 6-1 1 7- 1 6  8 8 3 3 
parachute reaction of arms and hands 
i n  prone suspension 5-1 4 7-'1 9 33 48 3 3 
optical  p lac ing reaction of the feet 8-1 6  9-1 8 1 4  1 6  3 3 
foot so le res ponse 2-1 5 8-20 39 79 3 3 
acoustical orienting  3- 7 5- 9 6 6 3 3 
Moro - headdrop,  a bduction/extension 2- 5 2- 6 1 9  20 3 3 

adduct ion/flexion 2- 4 2- 6 1 1  1 3  3 3 
l i ft, abduction/extens ion 2- 9 7-1 6 32 46 4 4 

adduction/flexion 2- 5 1 - 1 2  30 37 3 3 
h it on surface, 

abduction/extens ion 2- 8 4-1 3 28 37 3 3 
a dduction/flexion 2- 7 3-1 3 38 59 4 4 



Appendix H :  Corre latio n  coeffic ientS' (p < 0.01 ) of the relat ionsh ips between 

the developmental ranges and the number of i nconsistencies of the 

items of g roup I l l  (tota l g roup) (Spearman Rank Correlations) .  

Parachute react ion of the hands 

Opt ica l  p lacing react ien of the feet 

Moro,  h it ,  abduct ion/extens ion 

Rooti ng 

Moro,  headdrop,  abduction/extens ion 

Footsole response 

Optical p lac ing react ion of the hands 

Rol l ing over from sup ine into prone position 

Asymmetric ton ic  neck response, spontaneous 

Type of voluntary grasp ing 

Moro l ift, abduct ion/extens ion 

Coord ination of u pper extrem ities 

.661 

.637 

.634 

.603 

.590 

.564 

.477 

.461 

.458 

.440 

.421 

.377 
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