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EARLY AND LATE MATURERS

b y  M. P ro ko pec

Institute of Hygiene and Epidemiology, Prague, Czechoslovakia

Abstract: Individual growth curves of six boys and six girls with the earliest 
and of six boys and six girls with the latest onset of physical maturation from a 
group of 300 Prague children followed up longitudinally from birth to maturity, 
were analysed and the intergroup and intersexual differences were compared. 
There was a 6 year difference in the peak velocity heights between the most early 
and most lately maturing boys, 5 year difference between the girls and nearly 
8 year difference between the most early maturing girl and most lately maturing 
boy. A difference of 14 cm was found in boys and 18 in girls between the means of 
height of early and late maturers at the age of peak velocity height.

From the point of view of psychology (M. H a vlíno v á ) the late maturing 
boys tend to be socially more reserved and more frequently serious in contrast 
to early maturers. This finding has not been confirmed in the girls. School achieve
ments were slightly better in the late than in the early maturing groups, in 
agreement with the generally known fact, that school progress is temporarily 
changing for worse during tbe puberty period.

Key words: early and late maturer children, peak height velocity (PHY), High 
School Personality Test (HSPT), longitudinal growth study, Prague children.

In tro d u c tio n

Tw o exam ples m ay  illu s tra te  th e  p o in t th a t  th e  problem  of th e  g row th  o f 
ch ild ren  an d  y o u th  is essen tia lly  a biological process, like in  all o th e r  liv ing  
organ ism s an d  th a t  in  h u m an  beings i t  is s im u ltaneously  a h igh ly  social m a tte r . 
T his y e a r an  exh ib ition  was held  in  P rag u e  o f bonsai, i.e. fu lly  developed 
tree s  2 0 —30 years old w hich, how ever, due to  special cu ltiv a tio n , re a c h  a he igh t 
o f 20 to  25 cm . F rom  th e  ac tiv ities  o f  th e  bonsai grow ers (p rac tised  in  J a p a n  
for cen tu ries), we get a good idea  o f  w h a t harm s or in h ib its  g ro w th  of th e  
o rgan ism  (a t leas t for a n u m b e r o f  tree s  grow n in  m in ia tu re  form ) an d  from  
th is  again  we can  d raw  th e  conclusion  w h a t benefits  th e  organ ism  — fu n d a 
m e n ta lly  i t  is ju s t  th e  opposite  from  w h a t re ta rd s  g row th . The b o n sa i grow ers 
n ip  o ff leaves, sp ro u ts  a n d  fru its , c u t  th e  ro o ts , do n o t expose th e  tree s  m uch 
to  h e a t, lig h t an d  th e  sun  an d  p la n t  th em  in to  poor soil. A nalog ical to  th e  
leaves o f p la n ts  are h u m a n  lungs, a n d  to  ro o ts  th e  d igestive organs or ra th e r  
n u tr i t io n  generally . So m uch only , for d em o n stra tin g  th e  bio logical essence 
o f g ro w th  (Fig. 1).

A n exam ple  of th e  im p o rtan ce  o f  h u m a n  society  fo r h e a lth y  d ev e lopm en t 
is p ro v id ed  b y  tw o In d ia n  girls w hich  from  b ab y h o o d  grew  up w ith o u t h u m an  
co m p an y  u n d e r th e  care  o f a she-w olf in  th e  ju n g le , an d  whose s to ry  was
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pub lished  in  th e  jo u rn a l L ’A nthropologie. T he girls w ere seven a n d  n ine year- 
old, re spec tive ly , w hen  th e y  w ere found . T hey  m oved  a ro u n d  on th e ir  knees 
on w hich th e y  h a d  la rg e  callosities, an d  ra n  on all fours. T hey  im ita te d  wolves 
also b y  n o t using th e ir  h an d s w hen ea ting . U nder clinical care  la s tin g  several 
years one o f th e  girls d id  n o t lea rn  m ore th a n  45 w ords. T heir re tu rn  to  h u m an  
society  was no m ore possible. M an has evolved as a species d u rin g  his p h y lo 
genetic deve lopm en t an d  d u rin g  his on togenetic  evo lu tio n  he again  develops 
in to  h u m an  only u n d e r cond itions p rep a red  for h im  b y  th e  fam ily  an d  h u m an  
society .

T he problem  of ea rly  an d  la te  m a tu re rs  has a t t r a c te d  th e  a tte n tio n  o f m an y  
au th o rs . Several o f th em  sum m arised  th e  p re se n t know ledge of fac to rs , 
in fluencing  th e  v e lo c ity  o f physica l m a tu ra tio n  a n d  th e  biological age in  th e  
second decade o f life (T a n n e r  1962, M a r s h a l l  1977, W i e r in g e n  e t al. 1971, 
H a u s p i e  1980 an d  o thers). N evertheless, n e ith e r an  early  s ta r t  n o r a la te  onset 
of p u b e rty  an d /o r i ts  d u ra tio n  has been  sa tis fac to rily  exp lained . This m akes 
an y  so rt o f p red ic tio n  a t  th is  age d ifficu lt an d  in accu ra te . L a s t b u t  n o t least 
an  ex trem e d ev ia tio n  from  th e  no rm al in  th is  or t h a t  respect im plies a social 
problem . In  case o f la te  m a tu re rs  an  u n p le a sa n t im p a c t m ay  be ex e rted  on 
p e rso n a lity  developm en t, especially  in  boys.

In  1981 we b ro u g h t to  a close a lo n g itu d in a l s tu d y  o f 300 P rag u e  ch ild ren , 
la s tin g  for 25 y ea rs , follow ed-up from  b ir th  to  m a tu r ity , w hich  gives us th e  
p o ssib ility  to  p a rtic ip a te  in  solving th e  still open  prob lem  o f early  an d  la te  
m a tu rin g  boys an d  girls (K a p a l ín  et al. 1969, P r o k o p e c  e t al. 1981).

Material and Methods

W e h av e  an a lysed  b o th  d istance  an d  velocity  curves of 89 byos a n d  o f 89 
girls follow ed-up lo n g itu d in a lly  from  b ir th  to  m a tu r ity . T he 300 ch ild ren  h ad  
been selected  a t  ran d o m  from  a p a r t  o f P rague  (Z izkov) w ith  ab o u t 100,000
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Fig. 1. Bonsai — a grown up tree of miniature size as a result of special treatment oppressing
growth



in h a b ita n ts  in  1956—1960. O nly ch ild ren  bo rn  on one p a rtic u la r  d ay  in  th e  
week (W ednesday) w ere inc luded  in to  th e  sam ple. T he ch ild ren  w ere in v e s ti
g a ted  b y  a te am  o f specialists clinically, an th ropo log ica lly  an d  psychologically  
f iv e  tim es in  th e ir  f ir s t  y e a r  of life an d  sem iannually  th e re a fte r . T he original 
n u m b er decreased u n til  1981 by  ab o u t one th ird . O u t o f tw e n ty  m easurem ents 
ta k e n  a t  each v is it an d  from  a series o f descrip tive  fea tu res  only  b o d y  heigh t 
(grow th  curves), m en arch eal age, so m ato ty p e , school ach ievem en t, eye colour, 
social b ack g ro u n d , C a tte ll’s H igh  School P e rso n a lity  Q uestionnaire  an d  pro-

Table 1
Parameters of growth curves of Prague children and adolescents

No. Symbol Parameter

B o 
n =

y s 
89

Gi
n =

1 8 
89

X

8
min.
max.

X
8

min.
max.

1. AMIIV age at minimal prepubertal height velocity 10.6 7.6 8.9 6.4
(yr) 1.0 14.2 1.1 12.1

2. APHV age at peak height velocity (yr) 13.5 11.3 11.4 9.1
1.0 17.0 1.1 13.6

3. AMHVR age at minimal prepubertal height velocity 15.1 13.1 12.8 10.4
return (yr) 1.0 18.7 T T 15.3

4. H 4 height at age 4 (cm) 105.0 97.1 103.9 97.6
4.0 126.2 3.3 111.9

5. HiMHV height at minimal prepubertal height veloc- 143.6 126.2 134.2 119.3
ity (cm) 7.4 162.3 7.3 159.7

6. TAG total adolescent gain (cm) 30.7 15.9 25.6 11.9
4.8 42.1 5.0 38.3

7. HPHV height at peak height velocity (cm) 162.2 145.0 150.0 135.1
6.5 177.2 6.4 170.2

8. HMHVR height at minimal prepubertal height veloc- 174.2 160.3 159.7 143.1
ity return (cm) 6.0 187.8 6.1 178.5

9. HA adult height (cm) 178.9 164.9 167.1 155.3
6.1 192.1 5.8 186.6

10. Y 5 height velocity at age 5 (cm/year) 6.7 4.8 6.8 3.5
0.8 8.3 0.9 8.9

11. MHY minimal prepubertal height velocity 4.6 3.2 5.2 3.1
(cm/year) 077 6.6 Ö77 7.2

12. PHV peak height velocity (cm/yr) 8.6 6.1 7.5 5.5
1.1 11.8 0.9 9.6

13. PH peak height (cm/yr) 4.0 0.9 2.3 0.5
1.2 8.5 1.0 5.5

14. PB peak basis (yr) 4.6 2.5 4.0 2.2
0.7 6.2 0.7 5.9

15. PAR peak area =  PH X PB 18.5 2.2 9.3 1.1
6.7 45.2 4.9 26.7
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fessional o rien ta tio n  were used. In co m p le te  records w ere n o t in v o lved  in  th e  
p re se n t s tu d y .

T he in d iv id u a l g row th  curves (d is tan ce  curves) were evened  o u t an d  som e 
m issing observa tions w ere in c o rp o ra te d  b y  th e  m ethod  described  b y  Cl in e  
(1974) — a th ird  grade p o ly n o m ia l using  7 p o in ts  (a rg u m en ts), w hich are 
sh ifted . T his procedure  h a d  been  used  tw ice on th e  d istance  cu rve , from  w hich 
y ea rly  increm en ts were d e riv ed  an d  used  for co n stru c tio n  o f  ve lo c ity  curve. 
T he v e lo c ity  cu rve  has been  also sm o o th ed  b y  th e  sam e po lynom ial of th ird  
g rade  (seven p o in ts), w hich  m ay  be app lied  n o t on ly  to  concave a n d  convex  
p a r ts  o f  a curve b u t  also to  S -sh ap e  sections. F ifteen  p a ra m e te rs  have been 
reco rd ed  from  each velo c ity  c u rv e  follow ing th e  m eth o d  an d  n o m encla tu re  
described  b y  Stützle  e t al. (1976). E ach  in d iv id u a l velocity  cu rve  has been 
described  b y  p a ra m e te rs  show n in  T ab le  1. I tem s No 1 — 3 concern  age, 4 —9 
h e ig h t, 10—12 v e lo c ity  a n d  13— 15 ch arac terize  th e  size o f th e  p ro p er peak.

R esu lts

R esu lts  are  given in  T ab les and  F igu res. Fig. 2 shows an  in d iv id u a l d istance 
(above) an d  a ve locity  cu rv e  (below ) w ith  som e o f th e  p a ra m e te rs  derived  
from  its  course (m in im u m  g row th  in crem en t before p u b e rty , p eak  heigh t 
v e lo c ity , to ta l  p u b e rta l ga in  etc.) D a ta  in  T able 1 show  average  p a ram ete rs , 
s ta n d a rd  d ev ia tio n s an d  m in im al a n d  m ax im al values o f th e  p a ram e te rs  of 
th e  v e lo c ity  curves of 89 boys an d  89 girls. S im ilar values rev ea l m ean  height

Fig. 2. Stature distance and velocity curves of a boy No. 11. Some of the parameters described 
in the paper, which are used in analysing individual growth rate are shown
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a t  4 y ears  in  b o th  sexes (105.0 cm  in  boys an d  103.5 cm  in  girls), h e ig h t ve lo 
c ity  a t  5 (m ales 6.7 cm /yr, fem ales 6.8 cm /y r) an d  to  a ce rta in  e x te n t th e  peak  
basis (4.6 y rs  in  m ales an d  4.0 y rs in  fem ales). D issim ilarities in  b o th  sexes 
are  to  be seen in  all o th e r p a ram e te rs  — ages, heigh ts, velocities an d  in  th e  
peak  h e ig h ts  an d  areas. A t th e  age o f th e  P H V  (13.5 y r  in  boys an d  11.4 y r 
in  girls) a d ifference of 12 cm  occurs be tw een  th e  sexes in  h e igh t w hich  cor
responds w ith  th e  fin a l difference betw een  th e  sexes in  he igh t a t  an  a d u lt age.

Fig. 3. Stature distance and velocity curves of two girls Nos 60 and 61 with a different rate of 
growth and onset of maturation. From one to seven years of age no difference in growth

occurred

Fig. 3 show s d istance  an d  velo c ity  curves o f  tw o g irls: No. 60 an  early  an d  
No. 61 a la te  m a tu re r . No. 60 was sligh tly  longer a t  b ir th  th a n  No. 61 b u t  in  
th e  la te r  g ro w th  up  to  7 years o f age no d ifference n e ith e r  in  th e  g ro w th  
p a tte rn  nor in  h e ig h t itse lf  were no ticed . D ifferences in  ages a t  peak  h e ig h t 
velocities of th e  tw o girls am o u n t to  th ree  y ears . T he la te  m a tu rin g  girl reach ed  
a h igher f in a l a d u lt  he ig h t, th o u g h  a t  a la te r  age (a t 18). The early  m a tu rin g  
g irl reached  h e r a d u lt h e igh t a lread y  a t  th e  age o f 15.

T he m ax im al ve lo c ity  o f g row th , ach ieved  d u rin g  th e  adolescent sp u r t — 
P H Y  has a bio logical m eaning. T he grow ing organism  is a t  th is  stage m ore 
sensitive th a n  in  an y  o th e r section  o f g row th  (w ith  th e  exception  o f th e  f ir s t  
y e a r  o f life) to  ecological fac to rs (increased ecosensitiv ity ). PH V  is in  girls 
closely co rre la ted  w ith  m enarcheal age an d  th u s  m ay  help  in  defin ing  a sim ilar 
lan d m a rk  in  th e  bo d y  developm ent in  boys as is m enarche  in  girls. P H V  has 
a no rm al (G aussian) d is tr ib u tio n  in  each sex as show n in  T ab le  2 and  in  a sim pli
fied  version  g rap h ica lly  in  Fig. 4. I f  we ro u n d  u p  ou r find ings th e  earliest P H V
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Age at peak height velocity
(Numbers represent individual children from the Prague longitudinal study)

Table 2

Age
(years)

G i r l s  (n  =  89) B o y s  (n =  89)

9.0 63,
203,

9.5 3,8, 36,37,110, 
246,252,282

10.0 5,41,51,60, 89,121, 
157,199,230, 267,

10.5 26,48,130,
163, 202, 266, 274,276, 281,

9,

11.0 39,64,68,99,105,136,141,232, 
243,284,149,152,158,174,186, 
218,220,229, 231,

100,
215,259,

11.5 7,57,65, 74,84,135, 
148,168, 209, 213, 221,

71,79, 122,

12.0 4, 30, 54,66,67,102, 111, 126,127, 
156,171,191,192,262, 264,

11,123, 271, 
157,189,257,

12.5 58,73,104,
151,195, 205,216,236,

1,35,91,113,134,145, 247,255, 272, 
166,176,227,233, 239, 254, 263,

13.0 61,88,137,
154,

2,19,20,21,47, 50, 52,75, 85,114, 140, 
235,260,265, 275,279,

13.5 59, 76, 82, 14, 24,45, 55,72,117,128, 234,253, 285, 
172,177,196, 201,208, 210, 219, 268,

14.0 49, 53,81,86,112,116,
153,167,169,179,184,187, 204, 206,

14.5 12,15,115,223, 
194, 251,

15.0 6,40,
15.5 92,95,211,
16.0
16.5 13,

Fig. 4. Schematic age distribution of peak velocity heights in boys and girls from the Prague
longitudinal study (age in years)
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in  girls occurred  a t  9 years, th e  m ean  age for th e  w hole group  w as 11 years 
an d  th e  h ig h est age o f one o f  th e  girls from  our sam ple w as n ea rly  14. Boys 
as a g roup  s ta r te d  to  en te r th e  m a tu ra tio n  period  signified  b y  P H Y  a t  th e  age 
in  w hich  th e  d is trib u tio n  curve  of th e  girls cu lm inates i.e. a t  th e  age o f  11. 
A t 13.5 years  of age ab o u t h a lf  o f th e  boys h a d  a tta in e d  th e ir  P H Y  — n ea rly  
a t  th e  sam e age, w hen  a lread y  all th e  girls passed  th e ir  P H V . The o ld est boy  
from  our g roup  w ho reached  his P H V  w as n ea rly  17 years old.

E a rly  and late maturers

W e h av e  selected  from  o u r sam ples am o u n tin g  to  89 boys an d  89 girls four 
g roups: six  m ost ea rly  an d  six  m ost la te  m a tu re rs  from  each  sex. T heir d istance  
an d  v e lo c ity  curves are show n in  Figs 5 a n d  6. E a rly  m a tu rin g  boys w ere those , 
whose P H V  was below  12 an d  girls below  10. L a te  m a tu rin g  boys w ere th o se , 
who a t ta in e d  th e ir  P H V  a fte r  15 an d  girls a f te r  13 years o f  age. T he m eans of 
th e  in v e s tig a te d  p a ram e te rs  o f ve lo c ity  curves for each group are  g iven  in  
T ab le  3. S im ilarly  as in  com paring  th e  m ean  p a ram e te rs  o f v e lo c ity  curves 
of boys a n d  girls from  th e  orig inal sam ples, sm allest differences w ere found  
betw een  b o th  sexes and  betw een  ea rly  an d  la te  m a tu re rs  w ith in  each  sex 
in  h e ig h ts  a t  th e  age of 4 an d  in  g ro w th  v e loc ity  a t  5 y ea rs  o f age. Sex dif
ferences w ere in  these  an d  som e o th e r p a ra m e te rs  sm aller th a n  tho se  betw een  
early  a n d  la te  m a tu rin g  g roups w ith in  each  sex. T he m ean  age a t  m enarche  
w as 11.8 ^  1.1 y e a r in  th e  early  a n d  14.4 ^  1.6 y ea r in  th e  la te  m a tu rin g  
girls.

S o m ato ty p es  a fte r  S h e l d o n  e t al. (1954) w ere estim a ted  from  p h o to g rap h s  
in  each  child  a t  th e  age o f 16 to  18 y ea rs . E c to m o rp h y  w as found  to  be  m ore 
fre q u e n t in  b o th  sexes in  la te  m a tu re rs  th a n  in  early  m a tu re rs . In  early  m a tu r 
ers en d o m o rp h y  w as p re v a le n t in girls before m esom orphy  an d  ec to m o rp h y ;

Fig. 5. Individual stature distance and velocity curves of early and late maturing boys
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Table 3

Mean parameters of velocity curves in early and late maturing boys and girls

P a ra m e te r  
N o . S y m b o l

B o y s
m atu rin g

G i r l s
m a tu r in g

e a rly la te ea rly la te

1. AMHV (yr) 8.8 12.6 7.1 11.0
2. APHV (yr) 11.6 15.7 9.5 13.4
3. AMHVR (yr) 13.5 17.4 11.2 14.4
4. H 4 (cm) 103.9 104.3 102.7 104.7
5. HMHV (cm) 133.9 150.1 124.0 145.9
6. TAG (cm) 33.5 27.2 28.5 19.1
7. HPHV (cm) 153.1 167.0 140.5 158.5
8. HMHVR (cm) 167.4 177.3 152.5 165.0
9. HA (cm) 172.9 180.8 164.2 170.8

10. V 5 (cm/yr) 6.9 6.4 7.1 6.6
11. MHV (cm/yr) 5.0 4.0 6.1 4.7
12. PHV (cm/yr) 8.9 7.3 7.9 6.2
13. PH (cm) 4.0 3.4 1.8 1.7
14. PB (yr) 4.7 4.8 4.1 3.5
15. PAR (PH x PB) 19.1 16.5 7.9 6.0

Boys — early maturing: PHV before 12 years (n=6)
— late maturing: PHV after 15 years (n=6) 

Girls — early maturing: PHV before 10 years (n=6)
— late maturing: PHV after 13 years (n=6)

Fig. 6. Individual stature distance and velocity curves of early and late maturing girls
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m esom orphy  p rev a iled  in  boys before en d o m o rp h y  an d  ec to m o rp h y . In  la te  
m a tu re rs  o f b o th  sexes endom orphy  d o m in a te d  over ec to m o rp h y  an d  over 
m esom orphy  m ore d is tin c tly  in  girls th a n  in  boys. T he la te  m a tu re rs  as a 
g roup  w ere less p igm en ted  th a n  th e  early  ones, w ho h ad  d a rk e r eyes.

I t  is in te re s tin g  to  n o te  an  u n im p o r ta n t ro le o f  d ifferen t social b a ck g ro u n d  
of th e  ch ild ren  in v es tig a ted  in  re la tio n  to  ea rly  or la te  onset o f m a tu ra tio n . 
School progress w as found  to  be slig h tly  b e tte r  in  th e  la te  th a n  in  th e  ea rly  
m a tu re rs . A verage school progress w as in  genera l w orse d u ring  th e  ado lescen t 
period  th a n  before an d  a fte r p u b e rty . G irls rev ea led  b e tte r  average  school 
ach iev em en t th a n  boys.

T he psycho log ist o f  our research  te a m , H . H avlínová  app lied  th e  H ig h  
School P e rso n a lity  T est a fte r C atte ll to  each  ch ild  a t  th e  age o f  15, 16 a n d  17 
y ears  o f  age w ith  th e  aim  to  o b ta in  th e  p e rso n a lity  ch a rac te ris tic s  in  each  
child  in  th e  ado lescen t period . H S P Q  concerns 14 b ip o la r fac to rs  o f p e rso n a lity  
(28 c h a rac te ris tic s). T he early  m a tu rin g  girls w ith  P H V  before 10 years  a n d  
hoys before  12 y ea rs  o f age w ere ch a rac te rized  b y  re lax ed , u n fru s tra te d  
b eh av io u r w ith  ad v an ced  social m a tu r ity  a n d  w ere found  to  be em otio n a lly  
s tab le . O n th e  o th e r h an d  th e  la te  m a tu r in g  b o y s  an d  girls w ere em o tio n a lly  
u n stab le  a n d  socially  im m atu re . Boys from  th e  la te  m a tu rin g  group w ere in  
c o n tra s t to  th e  girls o f th e  sam e group shy  an d  in tro v e rte d . T he ch a rac te rs  o f 
th e  la te  m a tu re rs  m ay  be  exp la ined  as a re su lt o f d isc repancy  b e tw een  u n ifo rm  
c o n s ta n t social dem ands for th e  group o f  th e  sam e age and  th e  slow ra te  o f  
biological m a tu ra tio n . No big  differences b e tw een  early  an d  la te  m a tu re rs  
w ere fo u n d  in  th e  la te r  choice o f  th e ir  professional career.

C om parison with other longitudinal studies

T ab . 4 b rings re su lts  from  E u ro p ean  an d  A m erican  g row th  s tud ies (a fte r  
Ma lin a  1978, rea rran g ed  an d  com pleted). P a ra m e te rs  o f th e  P rag u e  v e lo c ity  
cu rves a re  close to  th o se  from  Z ürich . T he n e x t  sim ilar group in  m an y  respec ts  
is th a t  from  H a rv a rd  an d  o f H arp en d en  ( th o u g h  th e  H arp en d en  g roup  is o f 
low er m ean  s ta tu re ) . C hildren from  th e  Fels, U SA an d  B erkeley  stud ies are 
on th e  av e rag e  ta lle r  th a n  th e  E u ro p ean  an d  H a rv a rd  sam ples.

D iscussion

T he age sp an  in  w hich in d iv id u a l boys an d  girls differ in  reach ing  th e ir  P H Y  , 
is ab o u t 5 y ea rs  in  girls an d  6 y ea rs  in  b oys. B etw een  th e  m ost ea rly  m a tu r in g  
girl a n d  m ost la te ly  m a tu rin g  b o y  th e re  is a sp an  o f 8 years. T his know ledge 
o f th e  w ide ran g e  o f  v a r ia b ili ty  in  th e  on se t o f  p u b e r ty  in  still no rm al ch ild ren  
gives to  each  p e d ia tr ic ia n  a s tro n g  a rg u m e n t in  exp la in in g  in d iv id u a l s itu a tio n  
in  d e v ia n t cases a t  a ce rta in  age. P edagog ical s taffs  in  schools m ay  b e n e fit 
fro m  th is  fa c t w hen  dealing  w ith  ch ild ren  o f th e  sam e chronological age b u t  
o f a v e ry  d iffe ren t biological age w ho sit n e x t  to  each  o th e r in  th e  sam e c lass
room . School has th e  sam e dem ands for a ll ch ild ren  o f th e  sam e age d isreg a rd 
ing th e ir  d iffe ren t s tag e  of biological d eve lopm en t. Som e ch ild ren  m ay  be 
th u s  w rong ly  classified  be i t  in  m a th em a tic s  or in  p h ysica l education .

T he q u estio n  arises w h e th e r i t  is good or n o t  to  be an  early  m a tu re r . I t  seem s 
th a t  in  som e cases i t  m ay  have a positive effect on p e rso n a lity  d evelopm en t —
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Selected parameters of growth curves in various longitudinal studies 
(after M a l i n a  1978, rearranged and completed)

Table 4

S tu d y

H e ig h t a t  m in i
m al p re p u b e r ta l 
g ro w th  v e lo c ity  

H M H V  (cm)

T o ta l  g a in  
d u rin g  

p u b e rty  
p e rio d  

T A G  (cm )

P e a k  h e ig h t 
ve lo c ity  

P H V  (cm /y r)

Age a t  peak  
h e ig h t 

ve lo c ity  
A P H V  
(years)

A d u lt  h e ig h t 
H A  (cm )

n X 8 X s X s X S X S

B o y s
1. Prague (1) 89 143.6 7.4 30.7 4.8 8.6 1.1 13.5 1.0 178.9 6.1
2. Zürich (2) 112 143.8 7.7 29.2 — 9.0 1.1 13.9 0.8 177.4 6.3
3. Fels (3) 83 149.9 7.0 30.9 4.3 7.0 1.1 13.0 0.9 180.9 5.6
4. USA (4) 54 149.4 7.1 31.0 4.7 6.9 1.1 13.3 0.9 180.4 5.4
5. Berkeley (5) 65 150.6 7.0 30.1 5.4 6.6 1.0 13.1 1.1 180.7 6.6
6. Harvard (6) 54 147.4 5.7 31.2 5.5 7.1 1.3 12.3 0.9 178.6 6.1
7. Harpenden (7) 55 146.1 6.3 27.6 3.5 8.8 1.1 13.9 0.8 173.6 6.1

G i r l s
1. Prague (1) 89 134.2 7.3 25.6 5.0 7.5 0.9 11.4 1.1 167.1 5.8
2. Zürich (2) 110 135.8 7.3 23.2 — 7.1 1 . 0 12.2 1.1 164.9 5.7
3. Fels (3) 74 138.6 7.4 29.5 6.8 6.3 0.9 11.0 0.8 168.0 5.1
4. USA (4) 49 137.3 6.6 31.0 4.0 6.5 0.9 11.0 0.9 168.2 6.7
5. Berkelev (5) 64 141.8 7.6 26.3 5.7 5.7 0.8 11.0 0.8 168.1 6.2
6. Harvard (6) 54 140.3 7.2 25.4 5.6 6.2 1.1 11.1 0.9 165.7 5.1
7. Harpenden (7) 35 137.9 7.0 25.3 4.1 8.1 0.8 11.9 0.9 163.2 5.9

1. Prague — P r o k o p e c ,  T o m á s e k . 1979
2. Zürich — Stützte e t al. 1977
3. Fels Research Institute, Yellow Springs
4. Child Research Council USA
5. Rerkeley Growth Study
6. Harvard School of Public Health
7. Harpenden Growth Study, England

early  m a tu rin g  ch ild ren  are  less p ro b lem atic , m ore easy  going, som e o f th e m  
te n d  to  becom e leaders am ong th e ir  peers (th is  m ay  b rin g  d isap p o in tm en t in  
la te r  y ea rs , w hen th e  la te  m a tu re rs  o v e rtak e  th e ir  earlier m a tu re  peers). 
W e failed  to  fin d  a sa tis fac to ry  answ er as to  th e  cause o f early  m a tu ra tio n . 
T he answ er should  be soug h t on a  ce llu lar level — in  th e  ra te  o f cell d iv ision  
(m itosis). A  ce rta in  a m o u n t o f m itosis m u s t h av e  ta k e n  place in  th e  organ ism  
before a fu n c tion ing  o rgan  — say  hyp o p h y sis , th y ro id , ov ary  e tc . developed . 
T he ro le o f  p rovok ing  ag en ts , o f h e re d ity , social re la tio n s an d  n u tr i t io n  e tc . on 
speeding u p  an d /o r on slow ing dow n th e  ra te  o f biological processes in  grow ing 
organism  s till rem ains to  be defined.

W hen observ ing  side by  side early  m a tu rin g  a n d  la te  m a tu r in g  ch ild ren  
an d  y o u th s  (P la te  I), ea rly  m a tu re rs  seem  to  be th o se  liv ing  in  affluence, 
u n h in d ered  b y  disease o f  an y  so rt, well a d a p te d  to  liv ing  cond itions th e y  live  in . 
T hey  are  sw im m ing in  “ th e ir  well know n  w a te rs” . O n th e  o th e r  h a n d , la te  
m a tu rin g  in d iv idua ls seem  to  be overcom ing  som e difficulties, co v e rt illness 
n o t a p p a re n t to  a clin ician , or s till a d a p tin g  to  th e ir  m ilieu. W e m ay  also view  
th e  early  m a tu re rs  as a “ quick  jo b ”  an d  la te r  m a tu re rs  as a longer la s tin g  b u t
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“ a  solid piece o f w ork u n h u rr ie d ly  p u t  to g e th e r” . T he answ er to  th is  th o u g h t 
w ould  b e : in v es tig a tio n  in to  m o rb id ity  an d  longev ity  o f  early  a n d  la te  m a tu rin g  
in d iv idua ls.

Conclusions

1. In d iv id u a l g ro w th  curves o f 89 boys an d  89 girls from  th e  P rague  long i
tu d in a l  s tu d y  h av e  been an a ly sed  an d  th e  resu lts  are p resen ted .

2. F ifteen  p a ram e te rs  w ere s tu d ied  in  each in d iv id u a l v e lo c ity  curve.
3. A tte n tio n  w as paid  to  th e  v a ria b ility  of th e  peak  h e ig h t ve locity  (PH V ). 

A difference o f  5 y ears  in  girls a n d  6 years in  boys w as fo u n d  betw een  th e  
earlies t an d  m o st la te  m a tu r in g  in d iv id u a l o f th e  re sp ec tiv e  sex. B etw een  th e  
ea rlie s t m a tu rin g  girl an d  la te s t  m a tu rin g  boy  from  th e  s tu d ie d  sam ple th e re  
w as a period  o f  8 years.

4. Selected  groups o f 6 ea rly  an d  6 la te  m a tu rin g  boys an d  girls show ed 
li t t le  differences in  th e  m ean  b o d y  h e ig h t before th e  age o f 5 years b u t  big 
d ifferences a t  th e  age o f th e  P H V .

5. T he P H Y  is on th e  average  sm aller in  la te  th a n  in  th e  early  m a tu rin g  
g roups o f b o th  sexes.

6. The f in a l m ean  h e igh t a t  an  a d u lt age w as found  to  b e  bigger in  th e  la te  
th a n  in  th e  ea rly  m a tu re rs .

7. D ifferences betw een  m o st o f th e  s tu d ied  p a ram e te rs  o f v e loc ity  curves 
w ere sm aller betw een  th e  sexes (averages) th a n  betw een  ea rly  an d  la te  m a tu r 
ers of th e  sam e sex.

8. L ig h te r p ig m en ta tio n  (eye colour) was found  in  th e  la te  m a tu re rs  an d  
d a rk e r in  th e  early  m a tu re rs .

9. The la te  m a tu re rs  w ere s ligh tly  b e tte r  in  school progress th a n  th e  early  
m a tu re rs .

10. T he la te  m a tu rin g  boys w ere less m esom orphic a n d  m ore ectom orph ic  
th a n  th e  ea rly  m a tu rin g  boys. L a te  m a tu rin g  girls w ere less endom orphic an d  
m ore ec tom orph ic  th a n  e a rly  m a tu rin g  girls.

11. Social b ack g ro u n d  co rre la ted  n e ith e r  w ith  early  n o r w ith  la te  m a tu ra 
tio n . Also th e  choice o f  profession (s tu d en ts  an d  app ren tices) h ad  no bearing  
on early  or la te  s ta r t  o f m a tu ra tio n  or on its  len g th  o f d u ra tio n .

12. T he C a tte ll’s H S P Q  te s t  perfo rm ed  rep ea ted ly  a t  th e  age o f 15, 16 an d  
17 years  o f age show ed th a t  th e  early  m a tu re rs  w ere u n fru s tra te d , re laxed , 
em o tio n a lly  stab le  an d  socially  m a tu re , w hereas th e  la te r  m a tu re rs  were 
socially  im m a tu re  a n d  em otiona lly  u n stab le . Boys fro m  th e  la te  m a tu rin g  
g roup  w ere  also shy.
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Plate I :  A — early m aturing girl, age 12 years, height 162.2 cm, weight 51.1 kg, No. 36, B — late m aturing girl, age 
12 years, height 149.1 cm, weight 31.8 kg, No. 61, C — early m aturing boy, age 13 years, height 159.6 cm, weight 

47.1 kg, No. 259, D — late m aturing boy, age 13 years, height 137.4 cm, w eight 29.8 kg. No. 211
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