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$ TITLE OF PROJECT Long-term changes 1in nutrition, welfare and productivity
in Britain.

6 AIMS AND METHODS OF RESEARCH (up to 300 words)

The central purpose of the research is to use information about the
heights of the British since 1750 to describe and analyse changes 1in
the nutrition, welfare and productivity of the Bratish population.

The research relies on a substantial body of research in human biology
which shows that mean height 1s a sensitive measure of the nutritiocnal
status of a population and on research in economics and economic history
which demonstrates a relationship between height and more conventional
measures of welfare and productaivity. Data have been collected about
the height, age, occupation, place of birth and other characteristics
of 130,000 recruits to the British Army and Royal Marines between 1760
and 1889 and about 11,000 recrults to the Royal Military Academy,
Sandhurst, between 1806 and 1890. These data have been prepared for
computer analysis and initial tabulations carried out. In additaion,
a substantial amount of background research has been completed. The
research 1s being carried out as a British contribution to an
international and multi-disciplinary research programme.
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Objectives, Context and Principal Results of the Research

The central purpose of this research 1s to use information
about the heizhts of the British since the middle of the eighteenth
century as a tool to describe and analyse changes 1n the nutraition,
welfare and productaivity of the Bratish population. The research forms
an i1mportant part of a larger research programme, organised within the
Research Programme on the Development of the American Economy of the
National Bureau of Economic Research of the United States, this programme
has gathered sixteen samples relating to aspects of physical development
from material in the United States, Trinidad, Great Britain, Austria-
Hungary and Sweden. (Sandbersg and Steckel 1980, Fogel, Engerman and
Trussell 198z, TFogel 1984). These samples now consist of ainformation
on over 400,000 individuals, of which the British research has gathered
191,000. The Britash data are notable for the long time-span of the data,
for the insaght which they give into adolescent growth in the past and for
the information which they contain on var:ation of heaght by social class.
At the same time, 1interpretation of them has been greatly helped by
insights gained from work on other samples, as well as by the constant
help availlable from an inter-disciplinary team of researchers. Among
that team, collaboration has been particularly strong with Professor
henneth Wachter and Professor Robert Fogel, aided by travel funds provided
by the NBER. Within Braitain, the project could not have been carried on
without the work of Ms Annabel Gregory and the computer staffs of Birkbeck
College, Lonaon, and the Uniaversity of Cambridge, together with the con-
stant encouragement of Professor J.M. Tanner of the Institute of Chald
health and of the consultants appointed by the SSRC, initially Professor
Harvey Goldstein of the Institute of Education and latterly Professor
Michael Healy of the London School of Hygiene and Tropical Medicine.

Height 1s an extremely sensitive but also extremely complex
measure of the nutritional status of human beings. The basis for this
belief 1s set out in full in the grant application, in the successive
annual reports, in the working papers and articles which have appeared and, ,
most recently, in the successful application for a further grant from the l
ESRC to continue the research work for a further year (after a break) from l

l

November 1984. (Further reports will therefore appear under reference
G00232155). Briefly, studies by human biclogists have established the
exlstence of a pattern of growth in height (and in other physical
characteristics) which is common to all human populations, they have also
shown now that pattern of growth differs, between individuals, as a result
of the interaction of genetic and environmental factors. So far as
populations are concerned, however, and particularly within the populations
of Europe, North America and Africa, systematic genetic influences appear
to have very little impact on mean heights or in changes 1n heights which
have occurred within the past two hundred years. (Fogel et al. 1983)

Such changes can be most plausibly attributed to changes in the
nutritional status of those populations, including within that phrase the
effects of income, food intake, disease, work and many other physical and
psychologlical influences bearing on human populations. Studies have
shown, 1n addition, that nutritional deficiences significantly affect the
growth profile of populations of growing children and adolescents,
delaying or even stopping growth. Average size at bairth, the average
age of the adolescent growth spurt, the average age at which growth
terminates 1n early adulthood, the mean height at partaicular ages in
childhood and adolescence and the mean final height are all, therefore,
indicators of the nutritional status of a population. All these factors
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reflect, of course,the nutritional status of the child or adult within
his or ner per:od of growth from conception to maturaty. Moreover,
height has been shown to be related to physical productivity, both
directly in regimes where physical strength 1s important in work and
indirectly through the connection between height and health. (Fogel 1984,
rveletn and Tanner 1976, Friedaman 1982)

Within this context, the purpose of this research has been to
gather and analyse large bodies of data about the Braitish population since
1750, the earliest date at whach data in sufficient guantities appear to
be avallanle. Specifically, the research has drawn a sample of 130,000
recruits to the British Army and Royal Marines between 1760 and 1889,
together with a sample of 11,000 recruits to the Royal Military Academy,
Sandhurst, between 1806 and 1890. This work supplements an earlaier
sample of recruits to the Marine Society, a London charity, comprising
50,000 adolescent boys recruited between 1770 and 1870. (Floud and
Wachter 1982, Floud 1683b)

The sampling process, method of data collection and
procedures for coding and 1nitial analysis are descraibed below. The
praincipal failure of the research has been the result of over-optimistic
predictions of the time to be taken in data collection and coding.
Unusually, data collection itself proceeded smoothly and rapidly, due to
the use of cassette input terminals in the Public Record Office (who
deserve thanks for their permission to instal the terminals}, the
coding of the data has, similarly, proceeded smoothly, although more
slowly than had been anticipated due to the unexpectedly large number of
occupations and geographical locations which were encountered. The main
bottleneck, nowever, has been encountered in the transfer of data from
cassettes to the mainframe computer, since this required non-standard
software and close attention from computing staff, particularly duraing
1983 when communications software was being developed within the London
system and a new computer system was installed at Birkbeck. Part of
this daifficulty arcse from the rapid obsolescence of the terminal equip-
ment, which has now been superseded by equipment which does not use
cassette 1nput.

Nevertheless, 1t 1s greatly to be regretted that the delays
were as serious as they proved to pbe, since they have essentially delayed
the beginning of the analysis phase of the project until after the end of
the grant period. Analysis w1ll continue between January and November
1984, togetner with completion of a small residue of coding, with the aad
of reduced resources provided by Birkbeck College and will be completed
under the new ESRC grant by November 1985. In the meantime, as can be
seen from the attached working papers arnd from thcse which have been
published and supplied with previous annual reports, a great deal of
research has been undertaken into the background to the recruitment data,
into the nature of biases whach may arise from their use and into the
ancillary material which 1s available for the study of physical growth in
Braitain. Most recently, research has been undertaken into the correlates
of growth in heaights of European populations (see 'The Heaghts of
Europeans since 1750, a new source for European economic hastory' which
is attached: 1t will appear in the Jahrbuch filr Wirtschaftsgeschichte),
and into the published reports on recrultment to the Army in the late
nineteenth century compiled by the Army Medaical Service. (See 'The
physical state of the British working class, 1860-1914: evidence from
army recrults' which 1s attached as a typescript: 1t will shortly appear
as an NBER working paper and copiles will be forwarded.) Research into
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Ena-of-Grant Report (cont'd) 5

Buropean heignts nas buttressed previous studies of the relstionshaip
petween height ana such socio-economic indicators as GNP per capita

ana the rate of infant mortality (Steckel 1983). It 1s also extremely
helpful in placing the experience of Britain and North America within

a wiaer context of the changes in heights which have occurred within
the main period of the industrialisation of the developed world.

Research into army recruitment in the late nineteenth
century has had two objects. First, the data provided by the Army
Medical Department are clearly relevant to, and were cited in, the long-
standing debates which have taken place about the alleged physical
deterioration of the British population up to and including the peraiod
of the Boer War, nevertheless, the data had not been used to throw
light on this i1ssue, since 1t was believed that the absence, from the
data, of 1nformation on the heights of those below the minimum height
standard for recruitment would vitiate their use. Using techniques
developed earlier in the research project, 1t has been possible to
estimate the means of the untruncated population and thus to make the
data usable. (Wachter and Trussell 1982) The corrections demonstrate
that mean heights of recruits were rising slowly during the period,
thus refuting notions of physical deteriorataion. Secondly, the data
have been used to explore the crucial question, for this research, of
the degree to which military recruits can be taken as representative of
a wider population. This question was also discussed 1n an earlier
working paper (Floud 1983a). Research into the Army Medical Depart-
ment data shows that recruits formed a very substantial part of each
cohort of young men and an even more substantial part of the working-
class population and that, in terms of literacy and place of origin,
recruits do not seem to have been significantly unrepresentative of the
wider population.

The principal results of the project so far have therefore
been:

1. The collection, coding and preparation for analysis of data relating
to 130,000 adult recruits to the British Army and Royal Marines and
to 11,000 adolescent recruits to Sandhurst. These data are avail-
able at cost to anyone who wishes to use them.

2. The development of a suite of computer programs for the machine
coding of occuptional and geographical information contained 1n the
recruitment records, These programs, together with the associated
directories, are described more fully below. They are available at
cost to anyone who wishes to use them.

3. The development of computer programs for the correction of truncated
normal distriabutions and for the multavariate analysis of truncated
distraibuticns. (Wachter and Trussell 1982, Trussell and Wachter
1984) .

4. A substantial quantity of research into the biology of human growth
and 1ts socio-economic and hastorical correlates, together with
background research into the data used in the study and into the
historical development of human heights in Europe.

The results have been and will be published in working
papers and in journals. In addition, Cambridge University Press have

- 29



End-of-Grant Report (cont'd)

accepted my proposal for a book of approximately 150,000 words whaich
will report the results of the research in full; a contract 1S Now
peing drawn up which will provide for delivery of the typescript in
December 1985, The results are also being presented 1n serminars and
worksheps 1n tnis country, in Europe and in the United States.

Data collection and coding

Information about recruits to the British Army and to the
Royal Marines 1s held in the Puplic Record Office in series of descrip-

tion books. The series begin during the 1750s, but little information
1s avallable before 1760, whaich was taken as the initial date for the
sample. The series of description books, each relating to one military

unit's recruitment during a particular taime period, end during the

1680s waith the reorganisation of the Army, thereafter, only the records
of service of individual soldiers and marines are available and then
only for those who remained 1n the services until they drew a pension.
Since 1t was partacularly important, for reasons whiech are discussed 1n
more detail below, to obtain a representative sample of recruits,
records of service were not used and the final date of the sample 1s,
therefore, 1889,

The sampling method was as follows:

(a) A list was compiled of all those description books which, accord-
ing to the P.R.0. indexes, contained information on recrulting
during a particular decade. This was done for each decade between
1760 and 1889.

(o) The pooks were divided between those from the Army and those from
the Royal Maraines. A random sample was then drawn from each set
of books within each decade, e.g. for the Army 1in the 1780s.

(¢) Information on all recruits who Joined within that decade was then
taken from the books, up to a sample size of 5000 each from the
Army and the Royal Marines, or a lesser number 1f there were not
sufficient recruits.

In total, information was recorded about 130,000 recruits.
Exact sample sizes per decade are shown in tables 1 - 3. Each recruit-
ment book includes 1nformation c¢n the date and place of recruitment,
age and height of the recruit, his previous occupation, place of birth,
and sometimes other information such as reason for discharge and a des-
¢raiption of his physical appearance. The first six i1tems were recorded
for all decades, and the last two on an experimental basis for selected
decades - reason for and date of discharge was 1included for the
decades beginning 1780, 1800, and 1820, and physical appearance (colour
of hair, eyes and complexion) for those beginning 1760, 1810 and 1845.
The complete data set contains well over 1,000,000 items of information.

The description books unfortunately do not have a standard
format, and 1t was therefore decided to enter the data in the order in
which 1t appeared 1n each book and to reformat it once i1t was stored on
the computer. The data was therefore typed as in faigure 1, with
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slashes separating indavidual fields. This had the additaional
advantage over fixed format fields an that 1t saved space on the
computer, and therefore the occasiocnal lengthy item of data could

be recorded in full. The method 1s similar to that used by Professor
Anderson for has sample of the 1851 census.

The collection of data was generally fast and efficient
because 1t was typed at the Public Record Office directly on to two
Texas silent 700 data terminals, which recorded 1t on cassettes. There
were, however, considerable problems in transferring the data from the
cassettes to the main-frame computer because of the non-standardfacilities
which are required for this operation, and because of the large amount
of data involved (usually about 3 thousand cases per cassette). These
difficulties delayed the coding operation severely.

The contents of a cassette usually included data in different
formats, and therefore had to be divided into sections for reprocessing
by the formatting program (see appendix 1). Figure 2 provides an
example of formatted data. Some data 1tems had to be truncated, and
lengths of fields were determined partly by the most common length of
data items, and partly by the importance of the item and the amount of
detail which was required. The general layout was intended to
simplify error checking, which was easier with formatted than unformatted
data. The errors were then corrected on the unformatted data which was
again reformatted, and different formatted sections were finally
concatenated for coding.

The coding scheme was based on that used by Professor
Anderson for his sample from the 1851 census and was also used in our
earlier work with the records of the Marine Society. Three of his
coding schemes for occupation were adopted: an industry code of six
digits to enable each occupation to have a unique code, a two digit
code for the type of gualification required by the occupation, and
another two digit code for position in the job hierarchy. Code
directories for place (count_y), reason for discharge and physical
appearance as well as occupation were compiled (see appendix 2) and
stored on tne computer. The coding program (see appencdix 1) used
these directories to code the data, all i1tems for one case being
coded at the same time, and figure 3 provides an example of the out-
put. The coding program lists separately all items which 1t cannot
faind in the code directories, and 1t was necessary to begin with a
trial run to list these 1tems. The coding directories could then be
updated before finally coding the data. Many of the new additions to
the code directories were spelling variations, but there were a2lways a
considerable number of new 1tems, and most of these were not included
1n Professor Anderson's list of occupations. The directories were
therefore developed independently, but within the general framework
of his scheme. The coding program 1s fairly efficient, and 1t as
therefore relatively straightforward to correct the codes or even alter
the scheme at a later date and then recode all the data. It has
sometimes been found difficult to maintain consistency in the coding
because the directories have had to be compiled gradually, and at one
stage the occupation directory had to be slightly reorganised. This
type of problem is 1nevitable with large quantities of data.

As can be seen from figure 3, the alphabetic data was not
stored with the codes, apart from place of birth, which was retained
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Ena-of-Grant Report (cont'a)
in case a more detailed coding scheme was required in the future.

Tables 1 - 9 give distributions of age, occupational
groups and place of birth (wage regions) for the army, militia and
royal marines. The samples for later decades are not complete
because 9 thousand cases are at present being coded, but i1t 1s
expected that these will not greatly alter the distributaions.

End-of-Grant Report continued on page 7
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cna-of-Grant Report (cont'd)

ar

# for
each
decade

Date

N

1760-69
822

1770-
3977

1780-
LTLE

1790~
4095

1800-
5997

1610~
8310

1820-
5532

1830-
6083

18L0-
2294

1850-
3551

1860-
2506

1870-
2808

% for
each
decade

1850-
2225

1860~
2k66

1870-
3767

Table 1

16

|A

1h

Table 2

17

10

23

17

19

10

18

11

14

13

15

15

26

27

26

2L

39

23

16

16

22

19

10

13

13

13

10

1M

16

13

15

18

26

10

15

10

Age  Arm
20 21 22
13 10 13
11 9 9
15 11 9
13 8 8
9 8 7
8 6 6
10 T 5
18 11 6
12 9 6
11 8 T
11 8 6
14 10 8
Age . Militas
9 8 6
8 T 9
9 8 T

23

2h

25-9

18

12

19

14

20

15

14

30+

13

32



Ena-of-Grant Report (cont'd)

7 for Table 3

each

decade

Date < 16
N

1760-69 2
2164

1770- 6
6786

1780- 8
L958

1790- 10
5832

1800- 12
5382

1810- 23
919

1820~ 1
6739

1830~ 2
6730

1840~ 1
L680

1850- 1
hs21

1860- 2
5066

1870- 2
888

1880- 3
6324

17

10

10

13

15

18

1M

10

16

11

7

29

27

22

26

32

36

Lo

19

10

10

16

21

20

28

27

27

24

Age  Royal larines
20 21 22 23
8 8 8 8
7 7 6 6
6 7 T 5
7 6 6 L
8 T 6 L
T 6 5 3
13 10 8 6
20 12 9 5
23 13 9 >
12 10 8 6
10 T 6 L
8 L 3 L
b 3 2 2

2k

25-9

25

20

18

7

7

10

30+

16

19

16

13

33



12
Ena-of-Grant Report {cont'd)

® for Table 4 Occupations Army

each

decade

Date Agric. Mining Build. Manuf. Trans. Deal. Lab. P.& P. D.Serv. Blank Other
N

1760-69 5 2 8 Ly 1 2 11 0 3 21 3
B2z

1770~ 5 2 8 Lo 1 2 19 1 2 11 8
3977

1780~ 5 1 T 48 0 2 27 1 2 2 6
LTUE

1790- 2 1 6 48 0 1 2k 0 1 16 ]
L0g5

1800- 2 3 11 48 0 1 27 1 1 5 1
5997

1810- 1 1 b 36 4) 1 51 1 2 1 1
8310

1820- 1 1 I 36 0 1 53 1 2 1 0
5532

1830- 1 2 6 35 0 2 L6 2 kL 0 2
6083

1840~ 2 2 5 27 1 1 51 3 5 1 4
2294

1850- 2 2 5 28 2 1 52 1 5 1 2
3551

1860~ 3 3 6 27 2 2 41 5 T 0 L
2506

1870~ 1 3 T 20 3 2 52 L 6 1 1
2808

% for Table 5 Qccupations Militia

each

decade

1850- 2 6 7 58 2 2 22 1 1 0 1
2225

1860- 1 0 3 22 0 1 €5 2 Y ] o]
2466

1570~ 1 10 T L2 1 2 35 1 2 1 0
3767

34

S L]



% for Table 6 Occupataions Marines

each

decade

Date Agric. Mining Build. Manuf. Trans. Deal. Lab. P.& P. D.Serv. Blank Other
N

1760-69 6 1 5 L8 1 2 33 0 2 1 0
2164

1770~ 2 1 6 L3 0 2 Lo ] 2 0 1
6766

1780~ 1 1 5 31 i 1 39 1 1 16 3
4958

1790~ 2 1 6 L7 1 2 37 0 3 1 0
5832

1800- 1 2 6 35 1 1 hog 1 2 2 0
5382

1810- 1 2 5 L6 1 1 38 2 2 0 1
919

1820- 2 2 T 34 0 1 50 1 2 1 0
€739

1830- 2 2 7 24 1 2 56 1 b 0 2
6730

1840~ 2 2 6 23 1 ] 5T 1 I 1 2
LEBOD

1850~ 3 2 6 26 1 2 53 2 3 1 1
L5521

1860~ b 3 7 25 2 2 L7 k 5 0 2
5066

1870- 5 5 8 22 th 2 L3 L 5 0 1
883

1880~ N 3 8 21 T 3 39 6 T 0 2
6324



Ena-of-Grant Report (cont'd)

% for
each
decade
Date

N

1760-69
822

1770~
3977

1780~
L7L6

1790-
L0gs

1800-
5997

1810~
8310

1820~
5532

1830~
6083

18L0-
2294

1650~
3551

1860-
2506

1870~
2808

% for
each
decade

1850-
2225

1860~
2466

1870~
3767

Table T
1 2

5 L

9 8
Los
2 4

3 b

3 6

4 6
10 6
13 1

5 20
23 9
13 7
Table 8
0 0

0 0

1 2

12

12

11

10

12

13

12

23

14

Place of Birth Army

6 7 8 9 10 1 12
0 0 T 2 2 L 12
10 1 10 2 2 L 14
11 1 11 3 3 N 19
8 1 10 1 2 1 5
9 1 22 1 1 1 7
2 8 0 1 1 5
g 1 8 1 0 1 12
L B To B 1 1 5
11 1 18 2 0 1 2
8 1 28 0O 1 0 1
w1 13 1 1 0 2
7 1 31 0 1 0 2

Place of Birth Militia

2 0 T0 O 1 112
0 o 0 0 0 0 0
43 © 1 0 0 1 16

13

¥

13

14

30

19

15

L9

25

33

Lh

31

28

22

19

21

10

97

15

16

36

7



15
End-of~Grant Report {(cont'd)

% Tor Table 9 Place of Barth Marines
each

decade

Date ] 2 3 L 5 6 T 8 9 10 11
N

1760-69 11 24 1l 18 6
2164

1770- 21 9 27 14 T
6786

1780- 19 10 21 13 L
L958

1790- 8 15 13 15 6
5832

1800- 2 16 22 10 10
5382

1810~ 5 26 6 23 25
19

1820- 10 29 16 19 11
6739

1830- 13 36 25 12 b
6730

1840~ 16 30 27 11 6
LE80o

1850- 19 20 21 13 12
L521

1860~ 15 22 15 13 15
5066

1870~ T 34 10 T 15
888

1880- 28 16 14 10 11
6324

13

16

11

11

13

16

37



16

End-of-Grant Report (cont'd)

hey

Occupational Grouping

First 3 digits of industrial codes

Agricultural sector
Mining sector

Building sector
Manufacturing sector
Transport sector
Dealing sector
Labourers

Public service & professional sector
Domestic service sector
Blank

Other

10-41
50-84
110-134
200-497
500-548
550-614, 616-635
651
640-6LT, 661-669, TOO-TET
811-840
0
671-692, 777, 888, 920+

Place Grouping

Wage regions

10
11

12

13

14

15

16
17

Londen, Surrey, Kent, Middlesex, Essex
Wilts, Dorset, Devon, Cornwall,
Somerset, Glos.

Sussex, Hants., Berks., Herts., Bucks.,
Oxon, Northants., Hunts., Beds., Camb.,
Suffolk, Norfolk

Monmouth, Glamorgan, Carmarthen,
Pembrcke

Hereford, Cardigan, Brecknock,
Radnorshire, Montgomery, Flint, Denbigh,
Merioneth, Ceaernarvon, Anglesey
Shropshire, Staffs., Worcs., Warwick.,
Leics., Notts., Derby.

Rutland, Lincoln, Yorks. E.R., Yorks.
N.R.

Cheshire, Lancs., Yorks. W.R.
Cumberland, Westmorland

Durham, Northumberland

Dumfries, Gallowsy, Kirkcudbright,
Wigtown, Peebles, Selkark, Roxburgh,
Berwick

Ayr, Renfrew, Dumbarton, Lanark,
Starling, Linlithgow, Edinburgh,
Haddington, Fife, Clackmannan

Bute, Kinross, Perth, Forfar,
Kincardine, Aberdeen, Banff, Elgin,
Naeirn, Inverness, Argyll, Ross &
Cromarty, Sutherland, Caithness,
Orkney, Shetland

Ireland

Elsevhere

Uncodable

Blank

6, 511 56! 769 116
131, 136, 141, 146, 151, 156

61, 66, 71, 81, 86, 91, 96, 101,
106, 111, 121, 126
301, 311, 316

161,
351,

166,

306,

326, 331, 336, 341, 346,
361

321,
356,

171, 176, 181, 186, 201, 206

191, 196, 227, 228

216, 226

2Lk6

236

hoz, 406, 411, Ls56
466, 471

26, k31, 436, Lh1, L46, k51,
L51, 476, 481, 491

211,
2h1,
231,
Lo1,
461,

L16,
476,

4o1,
526,
566.

L86, 501, 506, 511, 516, 521,
531, 536, 541, S5h6, 551, 556, 561,

8, 601-851, 901-936

947-989
888, 995-999, 6666
0






