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The Assessment of the Growth of Schoolchildren with Special
Reference to Secular Changes*

By J. B. pE V. WEIR
Institute of Physiology, University of Glasgow

(Received 9 March 1951)

An interesting phenomenon, prominent in the present century, is a secular change in
the pattern of growth of schoolchildren. It is usually regarded simply as an increase
in the average height and weight of children of school age. This aspect, however, may
be misleading and is not altogether satisfactory for comparative purposes. The change
was therefore investigated, first in terms of age of attaining a given height or a given
weight, and then in terms of rate of growth. This approach leads to the view that the
secular change in the pattern of growth is essentially an acceleration.

METHODS AND RESULTS
Data surveyed

The figures dealt with here have been confined to the measurements of boys in
Glasgow and London and two sets of data for England as a whole. In 19056 a very
extensive survey was made of the heights and weights of Glasgow schoolchildren, the
occupation of their parents, the number of rooms occupied and other similar informa-
tion. The schools from which the children came were divided into four groups.

Group A comprised schools in the poorest districts of the city, group B in poor
districts of the city, group C in better-class districts and group D in districts of a still
higher class, including four out of five Higher Grade Schools.

* An abridged version of this paper was read at the sixty-third scientific meeting of The Nutrition
Society on 14 October 1950, the topic under discussion being Growth.

2-2

ssaid Asssnun abprique) Aq auljuo paysiignd £0002S6LNIE/6£01°01/B1010p//:sd1y


https://doi.org/10.1079/BJN19520003

20 J. B. pE V. WEIR 1952

Some of these data were later analysed by Miss Elderton (Elderton, 1914) and her
paper gives a very complete picture of the heights and weights of Glasgow school-
children at that time. Average heights and weights of Glasgow schoolchildren from
1910 t0 1949 are available in a series of annual reports by the Education Health
Service of the Corporation of Glasgow (see, for example, Ewan, 1950; Young, 1945).
The measuring was suspended during the first World War and also in 1940. The
figures are otherwise complete for three age groups only, namely 5, g and 13 years.
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Fig. 1. Secular changes in growth of London schoolboys. Two points of view are indicated; 4B repre-
sents the increase in height at a given age and BC the earlier attainment of a given height.

The measurements of London schoolchildren in the years 1905-12, 1938 and 1949
are given in two London County Council Reports (Menzies, 1940; Daley, 1950). The
former also quotes some data for English elementary schoolchildren in 1gog and in
1927, All five sets of data cover the age groups 5-14 years.

London measurements

The relation of the average heights of London schoolboys to age is shown in Fig. 1
for the years 1905—12, 1938 and 1949. The corresponding curves for weight are shown
in Fig. 2. It is clear that there has been a considerable increase in both height and
weight between 19go5—12 and 1938, that the process has continued to 1949 and that it
applies to all ages. The increase in height appears approximately constant at all ages,
but it is evident that the increase in weight is progressive with age. The increases in
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the measurements adjusted as described below (p. 24) to the stated ages are given in
Table 1. The changes in height do in fact increase somewhat with age. The 19o5-12
to 1938 interval suggests a decline through the age groups in the percentage increase
of height, but the longer interval 1go5~12 to 1949 shows that it is almost constant
at all ages. The actual increases in weight are definitely progressive and even the
percentage increase shows an upward tendency.
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Fig. 2. Secular changes in growth of London schoolboys. Relation of weight to age.

Table 1. Secular changes in average height and weight of London boys
(modified from Menzies, 1940, Table V' and Daley, 1950, Table 4)

Height Weight
LS —*— = A =
Excess of Excess of Excess of Excess of Excess of Excess of
1938 over 1949 over 1049 over 1938 over 1949 over 1949 over
Central 1905-12 1938 1905—12 1905—12 1938 1905-12
A A

age At — I A ) Is ) Is ) ——
Gears) (em) (%) (em) (%) (em) (%) ko) (%) (k) (%) ke (%)
5'5 51 4'9 14 128 65 624 24 141 o023 119 26 15'2
6's 59 54 13 12 72 660 277 144 025 117 30 15'9
75 4'5 39 1°5 124 60 517 17 77 o037 163 20 92
85 53 4'4 17 135 70 580 26 11’1 o065 249 32 137
9's 57 46 20 1'53 77 6°15 32 12°5 o84 293 40 157
1005 60 46 21 155 81 623 139 141 o087 277 47 171
s 61 45 16 114 77 573 45 151 os7 b5 51 171
12’5 61 44 17 17 78 562 51 157 068 18 58 17°9
13’3 5'9 41 32 2°I15 QI 6:35 47 129 171 416 64 17:6
Mean 562 453 183 139 746 599 342 137 067 220 409 IS5
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Glasgow measurements

The Glasgow data shown in Figs. 3 and 4 have the advantage that the time span is
more completely covered, and show the trend of the secular change over a period of
4o years. It will be noted that, whereas the trend is upwards throughout the period,
the gradient has not been uniform. Little change took place till after the first World
War and the subsequent economic depression. The yearly data (not shown) also
suggest a deceleration during the depression in the early thirties. There was a marked
increase in 1941. The reasons for this are complex. During the previous year a big
exodus of schoolchildren took place from the city, followed by the return of most of
the evacuees. Periods of evacuation would benefit many of the children. The increase
is larger than could be accounted for by the evacuation of the more stunted children
and omission of their measurements from the totals. In fact there was a greater
frequency of sustained evacuation among older girls from secondary schools in certain
better-class areas of the city and probably among the better pupils in other groups.
Young (1942) summed up the position as follows: ‘“To what extent increased family
incomes, the milk in schools scheme, the absence of major epidemics of infectious
diseases and perhaps periods of evacuation have contributed to this result it is difficult
to say.” For the next few years there was a lag in growth, especially in height, but by
1949 the measurements exceeded even the exceptional figures of 1941.

The assessment of growth

In assessing any change over a period of years the accuracy of the measurements
must be considered. It is becoming appreciated nowadays that routine measurements
of heights and weights are subject to appreciable errors of observation. The variance
from this source, however, is small in comparison with the total variance. Systematic
errors may arise from differences in the clothing conditions under which the measure-
ments are made. All the data surveyed here, as far as can be ascertained, refer to
‘indoor clothing without shoes’. In a small survey the number of individuals in each
sample group is of critical importance and should always be recorded. Thus even in
the 1949 London survey, based on measurements of 21,000 children, the standard
errors of the age groups means approximate to o-2 cm in height and from o-og to
o-25 kg in weight. Both these standard errors exceed the average secular yearly
change.

A serious problem, curiously enough, is that of the age. Age is generally regarded
as the independent variable and assumed to be accurate; but, apart from gross errors
such as that of confusing central age and age last birthday (Elderton, 1914), it is
usually subject to a sampling error. If the age last birthday at the time of measure-
ment is used, then on an average the mean age of each group will be age last birthday
plus 6 months. This expected difference of 6 months is associated with a standard
error of 1/4/(12n) years (where # is the number in the sample) which can if desired be
converted into an equivalent error of height and weight. In practice it is convenient
to classify the children according to year of birth rather than age last birthday, and
the raw age groups are then year of observation less year of birth. The mean age of
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Fig. 3. Secular changes in growth of Glasgow schoolboys. Average values of height
of age groups §, 9 and 13 years for the periods indicated.
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Fig. 4. Secular changes in growth of Glasgow schoolboys. Average values of weight
of age groups §, 9 and 13 years for the periods indicated.

23

ssald Aissanun sbpuquied Ag suluo paysiignd £0007S6 LNIG/6£01°01L/b10"10p//:sdny


https://doi.org/10.1079/BJN19520003

24 J. B. pE V. WEIR 1952

each group will of course depend on the time of year at which the measurements are
taken and is subject to the above sampling error with an additional sampling error in
the mean date of measurement. There is thus an element of uncertainty as to the exact
mean age of the various groups from different sources of data.

A further difficulty is that in presenting the measurements it is customary to adjust
them to certain fixed ages. In the 1949 London data this was done by linear inter-
polation, whereas in the 1938 figures parabolic curves were fitted to the raw data, and
heights and weights then calculated at 3-month intervals. In Glasgow the main age
groups have standard central ages of 5 years 4 months, g years 5 months and 13 years
5 months. Adjustment to these is effected by using the regressions of height and
weight on age. The estimates of these regressions have varied considerably.

The net result then is that the heights and weights at stated intervals obtained from
a variety of sources covering a matter of 40 years are subject to appreciable errors
which are probably mainly random and so would account for many of the deviations
from smooth curves in the accompanying figures. Fortunately, the secular changes
over a period of years are quite large in comparison with the total estimated error so
that the main features are beyond doubt, but this lack of precision is a drawback in
the more detailed analysis of the changes.

Reduction of data

Surveys of heights and weights produce very large numbers of figures and to com-
pare one survey with another presents a difficult problem. An obvious step is to
reduce the data to the means at each age group and then, as in Table 1, to compare
the means in corresponding groups. A further step is to compare the averages over
all the age groups, provided that they correspond, or at least that the mean age is the
same. An example of the expression of the result in this form is that Glasgow boys
were on the average 3-21 in. taller and 8-24 1b. heavier in 1949 than in 1910-14. What
is the significance of these differences? The higher age groups contribute more to them
than the lower groups; the regression of difference of height on age is probably
curvilinear and that of weight on age definitely curvilinear. At the best it gives some
kind of indication of the difference between an average child in the central age group
of one survey and a similarly situated child in the other. The difference is less in the
lower age groups and more in the higher. An improvement can be effected by using
either the logarithms of the heights and weights or the percentage changes, but the
method developed below is preferable.

Units of growth

The relationship between changes in height and simultaneous changes in weight
can be studied directly; but it seemed that it would be illuminating and also more con-
venient to use the common link between height and weight, namely age, and to study
the changes in terms, not of height and weight, but of a year’s growth. Fig. 1 indicates
that the secular change in growth, besides being regarded as an increase in the average
height and weight of each age group, may equally well be considered as an earlier
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attainment of the same average measurement, in other words as more rapid growth.

Fig. 5 shows the London 1938 smoothed weights plotted against the smoothed

heights and provides a standard track or axis of growth. Any deviation from the track

implies a difference of form or build from the standard. Now, when any of the other
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Fig. 5. Standard growth track. Relation of average height and weight of 1938 London
schoolboys to age in years.

sets of average heights and weights are plotted on the same diagram it is found that
the points lie very close to this standard track but are advanced or retarded with
reference to the age scale. The main effect of the secular change is more rapid growth,
and any change of form is subsidiary. In view, however, of the possibility of different
effects on the rate of growth in height and weight it was decided to keep them
separate and to use two units of growth, a year’s growth in height and a year’s growth
in weight.
Ages for height and for weight—growth ages

A diagram on the lines of Fig. 5 is adequate for many comparisons, but to obtain
greater precision parabolic curves were fitted by the method of least squares to the
1938 London data which give age in terms of height and age in terms of weight.
Tables 2 and 3 were then drawn up. Table 2 gives the age to the nearest o-01 year for
each cm of height from 100 to 150 cm and mean differences for mm. Table 3 similarly
gives ages corresponding to each o-1 kg from 17 to 41 kg and mean differences for
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o-o1 of 1 kg. With the aid of the tables the age corresponding to any height or weight
growth-age within the range is readily found, and comparison with the chronological
age indicates at once the relative advancement or retardation in terms of year’s growth.

Table 2. Age in years corresponding to height in ¢cm in boys (based on
average heights of London boys: data of Menzies, 1940)

cm Mean differences for mm}
[ A Y (g —A
° 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7
403 418 434 450 466 482 498 515 531 548 2 3 5 6 8 10 11
565 582 599 616 634 651 669 687 705 723 2 4 5 7 9 I 12
742 760 779 798 817 836 855 875 895 914 2 4 6 8 10 12 13
934 954 975 995 1016 1036 1057 1078 1099 1121 2 4 6 8 10 12 I3
I1°42 1164 1186 12°08 12°30 12'52 12'74 12°97 1320 1342 2 4 7 ¢ 11 13 16
1366 @ 2— 20— — = — — = = e
Table 3. Age in years corresponding to weight in kg in boys (based on
average weights of London boys: data of Menzies, 1940)
o1 kg Mean differences for o'or1 kg
°) 1 2 3 4 [ 6 7 8 9 1

433 438 443 448 453 458 463 468 473 478
483 488 493 498 503 508 513 518 523 528
532 537 542 547 5§52 557 562 5§66 51 576
58 585 590 595 600 604 609 614 618 623
628 632 637 642 646 651 655 660 664 669
674 648 683 687 692 696 o1 705 710 714
718 723 727 732 736 740 745 749 753 758
762 766 77x 775 779 784 788 792 796 801
805 809 813 817 822 826 830 834 838 842
846 850 85354 859 863 867 871 875 879 883
887 891 895 899 903 907 oI 914 918 g22
926 930 934 938 942 945 949 953 957 961
964 0968 972 976 979 0983 987 991 994 998
1002 1005 10°09 1013 1016 1020 1023 1027 1031 1034
1038 1041 1045 1048 1052 10'55 1059 1062 1066 1069
1073 1076 1080 1083 1086 10'90 10'93 10'97 1100 1I'03
1107 11°10 1I°I3 1II-17 1I1°20 1123 1126 11-30 1133 11-36
11°39 1143 1146 11°49 11°52 1I1'55 1I1°59 1162 1165 11'68
1171 1174 11-77 11-80 1184 11-87 1190 1193 1196 11°99
12:02 12'0§ 1208 12°11 12'14 1217 1220 1223 1226 1228
12°31  I12'34 12°37 12°40 1243 1246 1249 1251 1254 12°57
1260 1263 1265 1268 1271 1274 1276 1279 12-82 1284
12'87 12°g0 12°92 12:95 1298 1300 1303 1306 1308 13II
1313 1316 1319 1321 1324 1326 1320 1331 1334 1336
1339 1341 1343 1346 1348 1351 13'53 1356 1358 1360

Lo I I R T I I B I I R R o R T I R U I R VY

P e e b e e e b e e b P b b e M N W
Mok P e b e M NN NNNDNDNNNNRNDN S

00 0000000000000 00C0O0D00O0O0O0O0 =

oM o M NN NNV NNRNRNNNNNNDNDNDNW U
M NNDNNNNDNDNDNNNNDNDNIMNNWWLULWLDWWW &
NN NNNNNRNNDNNNWWWRVLLWLWWWWWW D I

It should be noted that the tables give the age at which the London boys attained
given average heights and weights, and do not necessarily represent the average age
of attaining a given height and weight. There is no longer any necessity to adjust
measurements to fixed ages before they can be compared. The tables can also be used
inversely to give the standard height and weight corresponding to a given age. The
values so found do not differ significantly from the regressions of height and of weight
on age obtained directly. The use of the tables is not confined to comparisons with the

ssald Aissanun sbpuquied Ag suluo paysiignd £0007S6 LNIG/6£01°01L/b10"10p//:sdny


https://doi.org/10.1079/BJN19520003

Vol. 6 Secular changes in growth 27

London 1938 averages since they can be used simply as a yardstick to compare two
or more individuals or groups.

Relation of growth age to chronological age

A matter of some importance is the relation of growth age to age or of advancement
or retardation to age. Menzies (1940) comparing London children in 1938 with those
in 1905-12 finds that the advancement is approximately constant at 1 year’s growth.
However, when the deviations of each set of data from the standard are examined it
is evident that they are progressive with age. The trend is quite clear when the

g +10
o
g
g B London 1949  +
[l
V

English 1927

101 Glasgow 1906
(Group D)

~ 4
N London 1905-12
English 1909-10

Glasgow 1906
- (Group A)

Retardation
14

—3.0 [ 1 L ] L 1 1 1 1 1
[ 7 8 9 10 N1 12 13 14 15
Chronological age (years)

Fig. 6. Relation of relative advancement or retardation of growth in height (height age less chrono-
logical age) to chronological age. The retardations or advancements are progressive and approxi-
mately proportional to age. Glasgow 1906 (group A) poorest districts, Glasgow 1906 (group D)
better class districts.

deviations are plotted against age as in Fig. 6. All the sets of data show some degree of
irregularity, but the regressions show no consistent deviation from linearity. In some
instances the points agree best with a straight line which meets the age axis somewhat
to. the negative side of the origin, but on the whole for the range studied all agree
reasonably well with straight lines through the origin, and this is a great practical
advantage. On this basis the secular change may be regarded as a uniform decrease
in the scale factor, for time and growth age may be regarded as directly proportional
to chronological age. The deviations of the points from straight lines—residual error—
are partly due to the sampling and other errors already discussed and partly to irregu-
larities in the secular change itself and to imperfections in the standard. The secular
change has varied from time to time with wars, depressions and similar causes. It
will be appreciated that the physique of the 5-year-old children is an index of con-
ditions over the previous § years, that of the 1o-year-old children an index of the
previous 10 years and so on. Thus what is compared is one composite group of years
with another similar group some years later, and variations in the secular change will
affect the different age groups to different extents,
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Growth-rate indices

When the age for height and age for weight, whether of an individual or of an age
group, are expressed as percentages of the chronological age they give the growth rate
as a percentage of the standard growth rate and so form convenient indices of growth,
which will be called the growth rate in height and the growth rate in weight. In so far
as the growth ages are proportional to chronological ages the indices are independent of
age. This is confirmed by actual calculation, though in some instances in which the
indices are less than 100 they increase slightly with age.

Estimate of group indices

The comparison of the growth of groups of children of various ages is greatly
simplified by the use of a growth-rate in height index and a growth-rate in weight
index for each group. These group indices are essentially weighted means of the indi-
vidual or subgroup indices. Assuming that the growth ages within each group, apart
from random variations, are proportional to the chronological ages, the calculation of
a group index is equivalent to that of finding the gradient of the ‘best’ straight line
through the origin in the plot of growth age against chronological age. There is
a choice of three methods. Let x years be the chronological age, y years the growth age
(in height or weight), b the gradient or group index and # the number of points. Then:

(1) Group index=b=2—(3;/x—) or mean value of y/x;

(2) b=Zy/Zx; hence the group index =mean growth age divided by mean chrono-
logical age;

(3) b=2xy/Zx

With the data examined the differences in the results by the three methods are not
significant. The second method is the simplest when only the index is required and is
the method used for the results given in Table 4 and plotted in Fig. 9. Ideally the
method yielding the minimum variance should be chosen, but simplicity of calculation
may be more important,

Chronological age multiplied by the group index gives the regression of growth age
on chronological age or the expected growth age for each member of the group.

Combination of growth curves

Any set of data forming the basis of a growth curve is subject to sampling and other
errors. The question therefore arises: can several sets of data, e.g. the three sets of
average weights shown in Fig. 2, be combined to give a more reliable and representa-
tive curve? To do this the secular change or other difference of a similar nature mustbe
eliminated. In Fig. 7 the same data as in Fig. 2 have been plotted against expected
growth age instead of against chronological age. All three sets of data now agree
satisfactorily with each other thus affording a neat confirmation of the validity of the
assumption of proportionality of growth age and chronological age. A cubic parabola
might give a slightly better fit at the extremes, but the curve shown (simple parabola)
which was fitted to the 1938 data appears to be adequate for this range.
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Secular change and social conditions
The secular change in growth is very similar to the variations that are associated
with differences in social conditions. Table 4 gives the growth-rate indices corre-
sponding to all the data dealt with here. It will be noticed that the secular change over

45 o)
40
Sk
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= 30
.50
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o .1938
” 01949
15 L1 1 L.t [ 1 1 Il i

5 6 7 8 9 10 11 12 13 14
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Fig. 7. Combination of growth curves. Average weights of Loondon schoolboys in 1905-12, 1938 and
1949 plotted against expected growth ages, i.e. age X 0866 for 1905—12 group, age X 1'0 for 1938
group and age X 1-0215 for the 1949 group. The curve was fitted to the 1938 values. Compare with
Fig. 2.

Table 4. Growth-rate indices of height and weight of London, English and Glasgow boys
(estimated by method 2, p. 28) for the years and social groups indicated. The 1938
London average is taken as the standard and is 100 for both indices

London English Glasgow Glasgow 1906 groups
r A Y s A a) r — = Is A
adex 1905-12 1949 1909—10 1927 1910—i4 1927 1938 1949 A B C D

ight 88-3 1039 876 936 82-0 89°1 938 99°1 815 846 873 91

right 866 102°2 86-2 897 845 88-7 937 985 835 86-1 883 90
a.period of some 40 years has considerably exceeded the range of the 1906 Glasgow
groups. The comparison is elaborated in the Glasgow report for 1944 (Young, 1945)
which gives the average heights and weights of the standard age groups classified
according to the number of apartments* in the house. The heights and weights of the
schoolchildren increase with the number of apartments; in all groups there are in-
creases from 1906 to 1944; the increases are greatest for the single apartments. In

® ‘Apartments’ as given here is equivalent to the English usage of ‘rooms’.

ssaid Asssnun abprique) Aq auljuo paysiignd £0002S6LNIE/6£01°01/B1010p//:sd1y


https://doi.org/10.1079/BJN19520003

30 J. B. pE V. WEIR 1952

the 5-year age group the single-apartment figures for 1944 are comparable with the
best 1906 figures. In the g-year age group the 1944 figures for single apartments are
considerably better than the best 1906 figures. The 13-year age group similarly shows
a superiority over the best 1924 figures.
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Fig. 8. Mean values and ranges for height of London boys in 1949 and Glasgow boys in 1906.
Note the marked difference in the lower limit and little difference in the upper limit.

Secular change in relation to total variability of school population

So far only average values of height and weight have been considered. It is
interesting to compare the secular change in growth with the variability of the school
population at one time. The 1949 London report gives the standard deviations of both
heights and weights. The secular change in London boys over a period of 40 years is
almost identical with the standard deviation for weight and slightly in excess of it for
height. The means and ranges of the heights of Glasgow boys in 1906 and London
boys in 1949 are compared in Fig. 8. Despite the considerable difference between the
mean figures, the 1949 London mean lags still further behind the Glasgow 1906 upper
limit. The Glasgow range, which has been modified to allow for the fact that the
Glasgow sample was larger than the London sample, is much larger than the London
range. The Glasgow distribution is markedly skew, whereas the London one is fairly
symmetrical. These facts suggest that the secular change reduces the scatter by
relatively greater changes in those who are most retarded. This is confirmed by the
relatively greater improvement in the Glasgow children from one-apartment houses
compared with those better circumstanced.
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Growth indices and body build

The growth-rate indices of height and weight provide a convenient way of studying
body proportions or build both in individuals and in groups. If the two indices are
equal then, whether growth is advanced or retarded, it is along the standard track and
the build, so far as it is determined by height and weight, corresponds to the 1938
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Index of growth rate in height

Fig. 9. Growth-rate indices of height and weight and the standard axis along which they are equal.
The growth rate of London boys in 1938 is taken as the standard and is 100 on both scales.
Deviations from the axis indicate a difference of body build. L os-12, L 38, L 49=London boys
in 1905-12, 1938 and 1949; G ro-14, G 27, G 38, G 49=Glasgow boys in 1910-14, 1927, 1938
and 1949; A, B, C, D, school groups in Glasgow in 1906; E og—10, E 27, English boys in 1909-10
and 1927.

London standard. A weight index greater than the corresponding height index
implies a stocky build and the converse indicates a slim build. The range of difference
between the weight index and the height index of individuals is about # 30, e.g. among
boys aged 10 years of average height (height index 100) some weigh as much as
an average boy of 13 years and some as little as an average boy of 7 years (weight
indices 130 and 70 respectively).

Fig. 9 shows the group growth-rate indices of height and weight for London,
Glasgow and English schoolboys in relation to the standard axis. It demonstrates the
marked advance during this century and also illustrates the fact that despite the marked
changes in rate of growth (or of height and weight at a given age) the changes in build
are extremely small in comparison with the range in the school population. This
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applies to all the age groups, not merely to the means. A rather fine point that may
also be noticed is that with more rapid growth there is on the whole a tendency to
a slimmer build, an oblique movement across the axis from left to right. The move-
ment from London 19o5-12 to London 1938 is an exception possibly due to sampling
errors. It has been suggested that the oblique movement is due to a decreased
incidence of rachitic deformity, but that is only a contributory cause. The figures for
the London health divisions between 1938 and 1949 show that the north-east division
crossed the line from left to right and the south-west division, which was already to
the right in 1938, moved still further out.

In so far as the Glasgow 1906 groups are evidence of differences of nutrition they
show that the dominant effect of undernutrition is retardation of growth and that an
increased weight over that expected from age and height is not a reliable criterion
of good nutrition. As to the cause of the secular change itself the only plausible
explanation is a gradual improvement in nutrition.

DISCUSSION

To regard the secular change in growth merely as an increase of height and weight
or even as a percentage increase in these measurements is misleading; e.g. Daley
(1950) states that children of to-day are members of a generation altogether of greater
physique. Now, neither the absolute nor the percentage increases in height are main-
tained into adult life. It is at present debatable whether or not there is any secular
increase in the mean adult maximum height attained (Morant, 1948, 1950; Kemsley,
1950); but, if there is, it is certainly much less than the 3—4 in. of absolute increase or
6 % or so of percentage increase that has taken place in children during the past
40 years. On the other hand, to regard the change as an acceleration of the rate of
growth is in agreement with the observed earlier attainment of maximum height; it
does not preclude a secular increase in that height, and some increase seems likely with
the elimination of retarded growth during childhood. The slow growers compensate
to some extent by growing longer. This follows from the fact that the standard devia-
tion of height reaches a maximum about the age of puberty and then declines. Growth
and nutrition are intimately related and rate of growth is an index of nutrition. It
may well be that the growth-rate indices will prove of value in assessing the nutrition
of a group of schoolchildren, though there are too many other factors involved for
them to be of much use with one individual.

SUMMARY

1. Published data of heights and weights of schoolboys in London and Glasgow
during the present century have been examined and compared graphically and
analytically. )

2. In some 40 years the average height of London schoolboys has increased by
about 7-5 cm (3 in.) and the average weight by about 4 kg (9 1b.). The Glasgow figures
are similar.

3. The problem of comparing surveys of heights and weights is discussed.
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4. Two units have been introduced, a year’s growth in height and a year’s growth
in weight.

5. These lead to the concept of a growth age, and tables based on 1938 London
averages are given for age corresponding to height and age corresponding to weight.

6. Growth ages in height and weight are proportional to chronological age.

7. The ratios give two indices of growth, growth rate in height and growth rate
in weight.

8. Special methods are given for evaluating the growth indices of groups of
children.

9. Secular changes in growth are similar to the differences in growth associated
with differences in social conditions.

10. The secular change in 40 years approximated to one standard deviation of the
measurements of the 1949 London boys.

11. The difference of the two indices is an index of body build.

12. The principal conclusion is that schoolchildren of to-day are growing faster
than children of previous generations. As a result of the accelerated growth adult
stature is earlier attained but not necessarily increased.

13. The indices of growth may be of value as indices of nutrition.

My thanks are due to Professor R. C. Garry for his interest in this work. I am
also indebted to Dr I. D. Ferguson for his helpful criticism.
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