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Resources devoted to research and develop
by manufacturing industry

1. Introduction
Expenditure on scientific research and development by 
British industry in 1969 amounted to over £700 million, 
equivalent to nearly 2 per cent of the total gross domestic 
product. This sum relates to expenditure on research and 
development in the natural and medical sciences (include 
ing engineering) and covers expenditure on basic research, 
applied research and experimental development; expendi
ture on research in the social sciences (including 
economics) is not covered.* Of this expenditure, about 
90 per cent was spent within private industry, a further
6 per cent was spent in the laboratories of the public

idcorporations, and the remainder was spent in collabor
ative research associations and elsewhere. This article 
deals primarily with the expenditure of that part of 
private industry which is engaged in manufacturing, to 
which has been added expenditure by the British Steel 
Corporation (a public corporation) to give a total for 
expenditure by manufacturing industry which amounted 
to some £680 million in 1969. It considers the size of 
expenditure on research and development in relation to 
other measures of the activity of individual manufacturing 
industries; how far expenditure on research and develop
ment is affected by cyclical factors; the effect of taking 
account also of expenditure on licences, royalties, 
patents, etc.; and the effect of regarding expenditure on 
research and development as a form of investment.

The earliest records of research activity, covering the 
whole of British industry, relate to 1930 when a survey 
was undertaken by the Federation of British Industry. 
In that year it is estimated that expenditure on research 
and development was under £3 million. The Second 
World War increased the tempo of research and develop
ment but it is probable that by 1945 the total expenditure 
on research and development was still only of the order 
of £30 million. From 1945 to 1955 was a period of 
extremely rapid growth, and by 1955, to which the first 
official survey relates, exp>enditure by manufacturing 
industry alone had reached about £185 million; un
fortunately there is no information available on the 
changes within this period. The very rapid growth rate 
continued and by 1958 expenditure by manufacturing 
industry was over £250 million and by 1961 it was 
approaching £400 million. During the 1960's the rate of 
growth slackened off and from 1964 to 1969 the increase 
averaged around 8 per cent per annum compared with 
an increase averaging over 10 per cent a year from 
1955 to 1964. These increases of course reflect the effect 
of price increases as well as changes in the Volume* of

*A full definition and details of the statistics available on research 
and development will be found in Research and Development 
Expenditure. Studies in OfTiciaJ Statistics No. 21 (HMSO 1973).

expenditure. From 1966 to 1969 the increase in expendi
ture on research and development no more than kept 
pace with the increase in the contribution of manufactur
ing industry to total output; in both 1966 and 1969 
expenditure on research and development amounted to 
about 5^ per cent of the value added by manufacturing 
industry (this ratio is discussed in Section II below).

The figures for expenditure on research and develop
ment since 1955 by manufacturing industry are shown in 
Table A. Figures for 1972 will become available later 
this year. The table also shows to what extent that 
expenditure was financed by government funds. During 
this period the funds made available by government 
grew more slowly than those made available by companies 
and the share financed by government fell from about 
two-thirds in 1955 to only one-third in 1969. In the latter 
years of this period there was an appreciable drop in 
defence funds for R & D and the increase in the total of 
government funds was in funds for civil projects; in 1969 
little more than half of the funds provided by government 
were on account of defence.

K.

Expenditure on research and development by manufacturing
Indu.stry(')

TABLE A At current prices £ million

Total
expenditure

Company
funded(*)

Governnwnt funded

Total o f  which 
Defence

I955(») .. 187 60 127 118
1958(*) .. 266 112 154 142
1 9 6 lh  .. 378 223 155 . •

1964(*) .. 4S8 296 162 • «

1966 585 390 195 ISI
1967 609(*) 413(0 196 131
1968 639(‘) 435(0 204 124
1969 679(0 457(0 222 129

(*) The figures relate either to the calendar year or to the firm's 
accounting year ending between 6 April and 5 April of the 
following calendar year.

( ')  Including a small amount of expenditure funded from overseas.
(*) These figures are not quite as comprehensive as those for later 

years; in particular the figures before 1964 exclude expenditure 
contracted out.

(*) Including the British Steel Corporation.

-

nr

11. The importance of research and 
development expenditure

In this section comparisons are made between the 
allocation of resources to research and development and 
other measures of the activity of individual manufacturing 
industries. In the main, comparisons are made between 
expenditure on research and development, other costs

U
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and sales in the year 1968. The selection of the year 1968 
is determined by its being the year of a detailed census 
of production for which input-output tables have been 
prepared. The fact that magnitudes are compared for a 
single year does not imply that any causal relationships 
which there may be are constrained within a single year. 
On the contrary, R & D budgets are influenced by the 
funds available and hence by the turnover and profits of 
the preceding year, or years. Equally expenditure on 
R & D may lead to consequential increases in sales and 
profits in the following year or in several later years.

The statistics of expenditure on research and develop
ment are collected from companies but are related to a 
product or product groupt. It will be appreciated that 
this breakdown of the data is more informative than 
allocating the R & D expenditure of a whole company 
to its main product, that is to its industry as defined by 
the Standard Industrial Classification. The census of 
production data are generally based on the industrial 
classification of the establishment. It follows therefore 
that if one wishes to examine research and development 
expenditure in the various product groups in relation to 
other economic variables which are classified by industry, 
then the comparison cannot be precise. However, 
product groups generally correspond quite closely 
to industries since establishments in manufacturing 
industry are classified according to their principal 
product. The comparability of the figures for product

tThe methods of collection are described in the annexe to Research 
and Development Expenditure, Studies in Official Statistics No. 21 
(HMSO 1973) and in Trade and Industry for 21 December 1972.

groups with those for establishments in the industry 
is considered in the appendix, which shows that 
the difference in classification has relatively little effect 
on the ratio of expenditure on R & D to turnover. 
Having made this check no further adjustments for 
these differences in classification are made in this article.

The main components of total R & D expenditure are 
shown in Table B. Tn house’ expenditure carried out 
within the company is divided between capital and 
current in order to show separately that part of expendi
ture which is for capital assets. Looked at in another 
way, all the expenditure on R & D may be considered as 
a form of investment in the future and hence as capital 
expenditure; this aspect is considered in Section V. 
Current expenditure on R &, D includes no allowance 
for depreciation or capital consumption. For manufactur
ing as a whole, R & D capital expenditure in 1968 was 
about 9 per cent of total expenditure on R & D. The 
‘contracted out’ category requires some explanation even 
though the figures are very small, at about 5 per cent of 
the total. Research and development work which is 
contracted out consists of two parts. The first part 
covers contracts placed within manufacturing industry 
and therefore contains an element of double counting in 
much the same way that intra-industry purchases and 
sales of intermediate goods and services introduce an 
element of duplication into the figures of turnover. 
The second part of R & D contracted out consists of 
contracts placed outside manufacturing industry, as for 
example when R & D is carried out by research associ
ations or private laboratories on behalf of companies.

«•

Expenditure on research and development in relation to turnover, 1968

TABLE B

Food, drink, t o b a c c o ........................
Coal, petroleum, chemical and allied products 

Petroleum products 
Pharmaceutical and toilet preparations 
Plastics ..
Other chemicals

T o t a l ................................................
Metal manufacture ........................
Mechanical engineering:

Machine tools 
Industrial engines 
Other mechanical engineering

T o t a J ................................................
Instrument e n g in e e r in g ........................
Electrical engineering:

Electronics and telecommunications 
Electrical machinery 
Other electrical engineering

T o t a l ......................................
Shipbuilding and marine engineering
Motor vehicles ..........................
A erospace ......................................
Metal goods not elsewhere specified 
Textiles, clothing, leather, footwear 
Other manufactures 
All manufacturing

Manufacturing industry

Expenditure on R & D

Total

20-9

In house

Current

15-5

114-5
15-6

Capital
Contracted

out

2-1

£ million

Turnover!*)
R & D as 
percentage 
of turnover

(*) As measured by sales of goods produced and work done, 
analyses (HMSO 1972).

6,579-6

880-1
438-8
449-0

2,248-7
4,016-6
3,324-8

217-2
122-0

3,173-3
3,512-5

472-9

1.005- 7 
537-3

1.006- 5 
2,549-5

453-5
2,648-0

862-0
1,949-1
3,692-5
5,605-0

35,666-0

Summary
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and such expenditure involves no double counting; 
this expenditure includes subscriptions made to industrial 
research associations.

The first variable to which expenditure on research 
and development is related is turnover and the figures 
are given in Table B. Turnover is defined as sales of 
goods produced and work done, as in the 1968 Census 
of Production, excluding the sale of merchanted goods 
and canteen sales. If gross output, which includes these 
sales, had been used as the measure of turnover, then 
the percentages spent on R & D would have been 
fractionally less than those given in Table B. Turnover 
includes receipts for work on research and development, 
for example, in the case of government defence contracts. 
But in the main turnover relates to the sales of goods 
produced and their magnitude reflects the costs and 
benefits of the R & D work of the company, past as 
well as current.

For manufacturing as a whole the share of turnover 
taken up by R & D was relatively small, at about l i  per 
cent, but the variation from one product group to 
another was very large. Out of nineteen product groups, 
six spent less than 1 per cent of turnover on R & D, 
seven spent from 1 to 3 per cent, four spent between 3 
and 10 per cent, one spent 12 per cent, and one over 20 
per cent. The six product groups whose R & D expendi
ture exceeded 3 per cent of turnover were the following: 
instrument engineering and electrical machinery (3 per 
cent each), pharmaceutical and toilet preparations (5 per 
cent), industrial engines (6 per cent), electronics and 
telecommunications (12 per cent) and finally aerospace

(21 per cent). Electronics and aerospace alone accounted 
for almost half of the total R & D expenditure of 
manufacturing industry. These are industries to which 
the government contributes R & D funds on a sub
stantial scale for both defence and for civil purposes. 
However, it is interesting to note that when government 
funded expenditure is excluded from R & D and only 
company funded expenditure is considered then the 
same six product groups still head the list, but their 
order is diflferent. Electronics and telecommunications 
heads the list at 7 per cent and aerospace is second at 
5 per cent, and the next four product groups arc 
pharmaceutical and toilet preparations (5 per cent), 
industrial engines (4 per cent), electrical machinery (3 per 
cent) and instrument engineering (2 per cent). The 
numerator and denominator of these percentages are on 
different bases in that the turnover figures have not been 
altered to exclude sales to or work done for the govern
ment, but they still serve to illustrate the fact that certain 
product groups are very R & D intensive, with or 
without government R & D expenditure in industry. 
Government R D expenditure is accompanied by 
relatively large R & D funds from the industries them
selves.

;

It is necessary to point out that these percentages of 
R & D expenditure to turnover are only crude indicators 
of the relative position of R & D expenditure, and arc 
subject to a number of limitations. First, they arc 
averages across the whole of the sales of the product 
group and take account not only of the research activity 
of companies which undertake R & D but of its spread

i c .  v w

Expenditure on research and development in relation to net output or value added, 1968

TABLE C
Manufacturing industry

Food, drink, tobacco ..........................
CoaJ, petroleum, chemical and pro<

Petroleum products ..........................
Pharmaceutical and toilet preparations
P la s t ic s ..................................................
Other chemicals ..........................

T o u l ..................................................
Metal manufacture ..........................
Mechanical engineering'.

Machine t o o l s ....................................
Industrial engines ........................
Other mechantcal engineering

T o t a l .............................................
Instrument engineenng 
Electrical engineering:

Electronics and telecommunications 
Electrical machinery 
Other electrical engineering

T o t a l ......................................
Shipbuilding and marine engineering
Motor vehicles ..........................
A erospace.....................................
Metal goods not elsewhere specified 
Textiles, clothing, leather, footwear 
Other manufactures 
All manufacturing

•  I

Total
expenditure 
on R & D

Net
output ( ')

R & D as 
percentage 

of net 
output

Value
added(’)

R & D as 
percentage 

of value 
added£ million £ million

20-9 1,841-4 M 1.314-4 ! 6

126 1090 116 92-2 13 7
202 264 9 7 6 171-8 118
13-1 1971 6 6 151-7 8 6
48-2 944 7 S I 648 6 7-4
940 I.5I5-7 6 2 1.064-3 8 8
17-4 1,069 0 1 6 815-4 2 1

54 136 9 J 9 110 9 4 9
7 3 63 7 n s 502 N S

409 I.7624 2 3 1,482-7 2 8
53-6 1.963 0 2 7 1,64.3-8 3 3
15-2 299 3 S I 243-1 6 3

121 9 593 6 2 0 S 454-1 2 6 8
17-2 3128 5 S 254 6 6 8
154 468 9 3 3 349 1 4 4

154 5 1.375-3 112 1,057 8 N 6
2-4 273 6 0  9 265 6 0 9

45-7 1,042 8 4 4 759 1 6 0
1840 4782 38 5 336-7 54 6

76 921 4 0 8 734 3 i n
13 4 1.614 1 0 8 1.2691 H
29-7 2.895-4 1 0 2.3t>24 1 3

638-5 15.289 0 4-2 11.866 0 54

1#

1

vho'*'n in Report on the Census o f Production 1968; Part 156 Summary tables; Industry analyses (HMSO 1972) 
( ) As shown in Input-output taMesfor the United Kingdom 1968. Studies in OfTktal Statistics No. 22 (HMSO I973>.
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across the sales of establishments which do no R & D 
work. Although this comment is made in the context of 
the R & D/turnover ratio, it also applies to subsequent 
ratios. Second, while the possible amount of duplication 
in the R & U figures is small, the industrial turnover 
figures from the census of production contain a varying 
amount of duplication, as they include sales between 
establishments in the same industry. Third, the ratio of 
R & D to turnover is alTected by the amount of inter
mediate products used in production. Where industry is 
specialised and difierent parts of the production process 
are carried out in different industries, research and 
development expenditure may take place in the industry 
producing the intermediate products rather than in the 
industry making the sale to the final buyer. For example, 
the value of sales of food products may reflect an element 
of the cost of research and development carried out in 
the chemical industry by way of the products brought in 
from that industry. Again in the textiles industry, the 
R & D within that industry may represent iittle more 
than the peak of a pyramid, with research and develop
ment also having taken place in, for example, the textile 
machinery industry and in the chemical industry.

Some of these limitations can be overcome by relating 
R & D expenditure not to the turnover of the industry 
but to a measure of the amount by which the industry 
augments the value of the materials and services it buys 
in making its product. This relationship is shown in 
Table C. In the census of production, net output is 
defined by subtracting from turnover the cost of pur
chases of materials and fuel and of work given out and

making some other minor adjustments. R & D expendi
ture is compared with net output in the first part of the 
table. In the second part of the table, R & D is compared 
with the value added which differs from net output mainly 
by excluding purchases of services; it consists of the 
income from employment and the gross trading profits 
arising in the industry. In both cases the R & D expendi
ture in the numerator includes purchases of materials 
and equipment which are excluded from the denominator. 
But the ratio is of interest in showing the amount of 
R & D expenditure associated with a given net output 
or value added by the industry. By multiplying these 
percentages by 10 they are expressed in the form of the 
requirement per £1,000 of net output or value added, a 
presentation used in the input-output tables.

Table C shows that for manufacturing industry as a 
whole R &. D expenditure was about 4^ per cent of net 
output or 5] per cent of value added, compared with 
1 | per cent for turnover. The differences arise from the 
exclusion of purchases from the denominator—more in 
the case of value added than in the case of net output. 
The ranking of the product groups for the two ratios is 
similar, as might be expected from the relatively small 
difference in their definition. (See Table I in Section VI.)

The increase in the average importance of R & D when 
measured in terms of value added as opposed to turnover 
is accompanied by an increase in the range of variation 
between product groups. Aerospace and electronics and 
telecommunications are still the two product groups 
where R & D is most important, but the percentages have

Expenditure on research and development as a percentage of total expenditure, 1968
Manufacturing industry

TABLE D

Food, drink, tobacco 
Coal, petroleum, chemical and allied 

products;
Petroleum products 
Pharmaceutical and toilet prepara

tions 
Plastics
Other chemicals 

Total
Metal manufacture ..
Mechanical engineering:

Machine tools 
Industrial engines ..
Other mechanical engineering 

Total
Instrument engineering 
Electrical engineering:

Electrical machinery 
Other electrical engineering 

Total
Shipbuilding and marine engineering 
Motor vehicles 
Aerospace
Metal goods not elsewhere specified 
Textiles, clothing, leather, footwear 
Other manufactures 
All manufacturing
(^) As shown in Report on the Census o f Production 1968; Part 156 Summary tables: Industry analyses (HMSO 1972)

Wages and salaries Materials and equipment Capital expenditure

R & D 
only TotaI(‘) R & D as 

percentage 
of total

R & D
only TotaK*) R & D as 

percentage 
of total

R & D
only Total(’) R & D as 

percentage

£ million £ million £ million
or lOiai

9*7 712-8 1-4 3-0 3,129-9 O-I 3-3 199-3 1-7

7-3 23-9 30-5 1-3 768-9 0-2 1-3 86-2 1-5

8-8 79-7 n o 2-1 185-6 11 3-5 21-1 16-6
5-8 72-2 8 0 1-8 245-8 0-7 3-2 38-2 8-4

25-6 351-6 7-3 5-8 1,298-4 0-4 6-6 165-6 40
47-5 527-4 9-0 11-0 2,498-7 0-4 14-6 311-1 4-7
8-8 601-5 1-5 2-3 2,240-5 01 2-0 123-2 1-6

2-7 79-2 3-4 M 89-1 1-2 0-8 13-7 5-8
2-8 35-8 7-8 2-9 58-0 5 0 0-3 2-8 10-7

20-8 942-7 22 9-3 1,342-6 0-7 2-5 113-2 2 2
26-3 l,057-7 2-5 13-3 1,489-7 0-9 3-6 129-7 2-8
7-8 166-7 4-7 2-7 184-7 15 0-8 18-1 4-4

59-1 308-2 192 28-6 444-2 6-4 6-2 42-4 14-6
8-5 172-9 4-9 3-9 208-3 1-9 1-2 14-2 85
9-3 235-2 4-0 2-3 533-0 0-4 0-9 36*3 2-5

770 716-3 10-7 34-9 1,185-5 2-9 8-4 92-9 90
I-O 203-3 0 5 0-3 193-7 0-2 0-3 24-9 J’2

23-8 601-6 4 0 7-4 1,632-2 05 5-2 83-8 6‘2
740 280-2 26-4 45-8 259-6 17 6 12-6 30-9 40'8
4-2 494-3 0-8 11 1,016-2 01 0-7 73-8 09
7-0 866-4 0-8 2-5 2,015-6 01 0-9 146-8 O'O

14-5 1,539-4 0-9 4-6 2,501-5 0-2 3-5 290-5 /•2
301-7 7,768-0 3 9 128-9 18,348-0 0-7 56-0 1,525-0 J*7
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increased to about 55 per cent and 27 per cent, from 21 
per cent and 12 per cent in turnover terms. The next 
four product groups in terms of importance of R & D 
are now industrial engines (15 per cent), petroleum 
products (14 per cent), pharmaceutical and toilet 
preparations (12 per cent), and plastics (9 per cent).

Another way to look at the importance of expenditure 
on R & D is to study what proportion of the total 
inputs of industry are absorbed by research and develop
ment activities. Table D shows that the share of R & D 
was more important for the input of labour than for 
materials and equipment, and for manufacturing 
industry as a whole the salaries and wages of research 
and development staff amounted to close to 4 per cent 
of the total wages and salaries bill. Again, there were 
wide variations between product groups: for petroleum 
products the share was 30 per cent, for aerospace it was 
26 per cent and for electronics and telecommunications 
it was 19 per cent.

Materials and equipment purchased for R & D 
purposes formed a comparatively small proportion of 
all purchases, at least by comparison with salaries and 
wages, amounting to about i  per cent compared with 
close to 4 per cent. In some product groups, however, 
the R D share of materials and equipment was 
substantial—notably aerospace at 18 per cent where 
much of the R & D expenditure is for prototype aircraft 
and engines. Purchases of materials and equipment for 
R & D were also relatively important in electronics and 
telecommunications, and industrial engines.

The share of capital expenditure attributable to R & D 
in 1968 was similar to the share of salaries and wages for 
manufacturing as a whole at about 3 j  per cent. There is a 
slight upward bias in this percentage of total capital 
expenditure which is allocated to R & D because the 
information on R & D capita) expenditure is available 
for acquisitions only, while the information on total 
capital expenditure for each industry, derived from the 
census of production, represents the balance obtained 
by subtracting disposals from acquisitions of assets. 
However the bias is very small in quantitative terms. 
Again in aerospace the ratio is high—over 40 per cent. 
This is because investment in the jigs and tools needed 
to produce a particular type of aircraft is normally 
included in the development costs; in other industries 
similar expenditure would not be allocated to R & D.

The wide variation in the importance of R & D as 
between the various product groups is common to all 
the ratios which have been considered. By contrast, the 
composition of that R '&  D expenditure is broadly 
similar for most product groups, as is shown by Table E. 
On average for all product groups expenditure on wages 
and salaries accounts for almost half of R & D expendi
ture, with a range of 40 to 60 per cent. This reflects the 
fact that R & D is a highly labour intensive activity. 
However, there arc some exceptions to the general 
pattern, notably industrial engines which is outside 
the range of 40 to 60 per cent for salaries and wages and 
where materials and equipment account for 40 per 
cent of total expenditure compared with a range of 
10 to 25 per cent for the other product groups.

«T.’

.  }

TABLE E

penditure on research and development, 1968
Manufacturing industry

Total
expend

iture

£ million

Food, drink, tobacco 
Coal, petroleum, chemical and allied produ 

Petroleum products 
Pharmaceutical and toilet preparations
Plastics ......................................
Other chemicals

Total ......................................
Metal manufacture 
Mechanical engineering:

Machine tools
Industrial engines..........................
Other mechanical engineering

Total ..........................
Instrument engineering 
Electrical engineering:

Electronics and telecommunications 
Electrical machinery 
Other electrical engineering

Total .....................................
Shipbuilding and marine engineering
Motor vehicles ..........................
A e r o s p a c e .....................................
Metal goods not elsewhere specified 
Textiles, clothing, leather, footwear
Other m anufactures.........................
All manufacturing

20-9
cts

Current expenditure

Wages Materials
and and Other

salaries equipment

Percentages of t 
expenditure

46 14 n

58 10 16
44 10 22
44 14 17
53 12 19
50 12 19
51 13 20

50 20 11
38 40 15
5/ 23 18
49 25 17
51 18 23

48 24 22
49 23 19
61 15 17
50 23 21
41 12 24
52 16 16
40 25 17
55 14 17
53 19 17
48 15 16
47 20 18

Capital
expend

iture
Contracted

out
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III. The financing of expenditure on research
and development

This section considers the relationship between company 
profits and company funds spent on R & D. Company 
funds spent on R & D exclude throughout funds from 
the government but may include a small amount of 
funds from abroad. Company profits are gross trading 
profits before tax and before allowing for depreciation. 
Table F shows that for manufacturing in general, 
company funded R & D in 1968 was a figure equivalent 
to 13 per cent of gross trading profits. But once again 
the relationship varies tremendously from product 
group to product group, and far more so than any other 
relationship which has been considered. In the case of 
aerospace, company funded R & D expenditure was 
over twice as large as gross trading profits while the 
next largest ratio, in electronics and telecommunications, 
was about two-thirds. However, this ratio is likely to 
vary from year to year as profits show a good deal of 
cyclical variation.

Company funded expenditure on research and 
development in relation to gross trading

profits, 1968
Manufacturing industry

TABLE F

Company
funded

expenditure
on

R & D(‘)

Gross
trading

profits(')

Company 
funded 

R & D as 
percentage 
of profits

£ million

Food, drink, tobacco 20-9 525-5 4-0
Coal, petroleum, chemical and

allied products:
Petroleum products .. 12-5 57-3 21-8
Pharmaceutical and toilet

preparations 20-1 81-6 24-6
Plastics 12-8 71-6 J7-9
Other chemicals 46-7 265-5 17-6

Total ........................ 92-1 476-0 19-3
Metal manufacture 17-2 161-4 JO-7
Mechanical engineering:

Machine tools 5 ! 23-0 22-2
industrial engines 5-5 10-5 52-4
Other mechanical engineerin i 35-3 436-7 8-1

Total 1 45-9 470-2 9-8
instrument engineering’. . 12-3 55-3 22-2
Electrical engineering:

Electronics and teiccommuni
cations 73-2 J06-8 68-5

Electrical machinery .. 16-8 62-3 270
Other electrical engineering. 14-4 89-8 160

Total 104-4 258-9 40-3
Shipbuilding and marine engin

eering .. 1-7 45-1 3-8
Motor vehicles .. 44-3 124-5 35-6
Aerospace 1 21-7 209-2
Metal goods not elsev^her

specified 1 7-5 185-8 4-0
Textiles, clothing, leather,

footwear 13-4 308-7 4-3
Other manufactures 29-6 648-9 4-6
All manufacturing 434-6 3,282-0 J3-2

(‘) Including capital expenditure and expenditure contracted out. 
(*) As shown in Input-uiiipui labhsjor ihe United Kingdom 1968. 

Studies in Official Statistics No. 22 (HMSO 1973).

Charts 1 to 3 show the year to year movements in 
profits and compare them with changes in fixed invest
ment and expenditure on R & D with a view to assessing 
whether the latter also shows any cyclical fluctuation. 
The cyclical variation in profits shows up clearly and so 
does that in fixed investment, which has lagged that of 
profits by about a year. However, the extent of cyclical 
variations in company funds spent on R & D is unclear, 
partly because information is not available for several 
of the years. The rate of increase from 1964 to 1966 
averaged 14^ per cent a year and was greater than 
between 1961 and 1964 when it averaged 10 per cent, 
but the difference in the rate of growth was not as marked 
as for fixed investment for which the corresponding 
rates of increase were 11 per cent and minus one-half 
per cent. From 1966 to 1969 annual figures are available 
for expenditure on R & D and there are indications that 
in some industries (for example, electrical and mechnical 
engineering) expenditure on R & D was influenced by 
the cycle and its growth curtailed in 1967. Other product 
groups were less affected but the rate of increase of the 
total of R & D expenditure financed by all manufacturing 
industry was reduced to 6 per cent, in a year when 
expenditure on fixed investment fell. However, the rate 
of increase in company funded R & D in the two 
following years, when there was a recovery in fixed 
investment, was similar (5-̂  per cent and 5 per cent). 
These figures therefore suggest that R & D budgets were 
influenced by cyclical factors but that companies in 
general varied less the sums they spent on R & D than 
those on fixed investment. However, in the absence of a 
complete series of annual statistics on R & D expenditure 
it is not possible to reach firm conclusions from the data.

An increase in the importance of company funded 
expenditure on R & D in relation to gross trading profit 
is, however, shown clearly in Chart 2. In the early 
1960’s company funded expenditure on R & D was about 
10 per cent of gross trading profits on the information 
available. From 1966 to 1969 inclusive, the percentage 
was between 12  ̂and 13^ per cent.
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IV. Expenditure on licences, royalties,
patents, etc.

Expenditure on licences, royalties, patents, etc. may be 
regarded as an extension of R & D expenditure; such 
expenditure is an alternative way of obtaining technology 
enhancement, by purchasing the results of research and 
development already carried out by others in the past. 
As part of the business expenditure and receipts inquiry 
in 1968, expenditure was reported on licences, royalties, 
patents, etc. which amounted to just over £100 million 
for manufacturing industry as a whole compared with 
about £640 million on research and development. 
Licence expenditure, on average, was therefore about 
one-sixth of R & D expenditure. In Table G licence 
payments for individual product groups are shown and 
are also expressed as percentages of turnover. In some 
product groups such as industrial engines, instrument 
engineering, electronics, motor vehicles and aerospace, 
the licence expenditure is relatively less important in 
relation to R & D expenditure. In other product groups— 
notably pharmaceutical products and ‘other mechanical 
engineering’—expenditure on licences is larger in relation
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lo expenditure on R & D. Almost a third of all expendi
ture on licences occurred in mechanical engineering. 
Like expenditure on R & D, the figures of licence 
payments were collected on a product group basis, and 
in the results of the census of production the detailed

classification of these payments indicates that nearly 
20 per cent of all the licence payments occurred in the 
single sub-group entitled ‘general mechanical engineering’, 
which is part of ‘other mechanical engineering’ in 
Table G.

TABLE G

Expenditure od research and development and licence payments in relation to turnover, 1968
Manufacturing industry

Licence
payments!,*)

Expenditure
on

R & D
Total Licence

payments
Expenditure

on
R & D

Total

£ million As a percentage of turnover(-)

Food, drink, tobacco .................................................. 3-7 20-9 24-6 0 ! 0-3 0-4
Coal, petroleum, chemical and allied products:

Petroleuni products .................................................. 0-6 12-6 13-2 0-1 1-4 I S
Pharmaceutical and toilet preparations .. 9-6 20-2 29-8 2-2 4-6 6-8
Plastics 21 131 15-2 0-5 2-9 3-4
Other c h e m ic a ls .............................................................. 7-3 48-2 55-5 0-3 21 2-S

Total .......................................................................... 19-6 94-0 113-6 OS 2-3 2-8
Metal manufacture .. 1-5 17-4 18-9 0-5 (h6
Mechanical engineering:

Machine tools 1-0 5-4 6-4 0-5 2-5 2-9
Industrial engines .. 0-2 7-3 7-5 0-2 6 0 6-1
Other mechanicai engineering 30-2 40-9 7M 10 1-3 2-2

Total .......................................................................... 31-4 53-6 85-0 0 9 1-5 2-4
Instrument engineering 1-8 15-2 17-0 0--1 3-2 3-6
Electrical engineering:

Electronics and telecommunications 14-9 121-9 136-8 1-5 121 13-6
Electrical machinery \  7-9 / 17-2 <)■'> J 3-2 ]■ 2-3Other electrical engineering 1  29  1 15'4 IS J ATotal .......................................................................... 17-8 154-5 172-3 0-7 61

Shipbuilding and marine engineering 10 2-4 3-4 0-2 OS ih7
Motor vehicles 2-9 45-7 48-6 0-1 h7 /•<¥
Aerospace .......................................................................... 2 0 1840 186-0 0-2 2!-3 21-6
Metal goods not elsewhere specified 2-7 7-6 10-3 O'! 04
Textiles, clothing, leather, footwear 50 13-4 18-4 01 0-4 0 5
Other manufactures .. 13-9 29-7 43-6 0-2 0-S 0-8

m

All m a n u fa c tu r in g .............................................................. 1032 6.38-5 741-7 0 ^ ____1 I S 31

(') As shown in Report on the Census o f  Production 1968: Part 156 Summary tables: Industry analyses (HMSO 1972). 
(■') Turnover figures are given in Table B.
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V. Expenditure on research and development as
a form of investment

For some purposes expenditure on research and develop
ment can be considered as a form of investment—the 
return to the company from this expenditure is not 
immediate and is usually long-term and in this respect it 
is akin to expenditure on fixed assets. It is interesting to 
note, from Chart 3 that for the whole of manufacturing 
industry, company funds allocated to R & D increased 
faster during the first half of the I960's than those 
allocated to fixed capital formation. In 1961, company- 
funded R & D was less than 20 per cent of fixed capital 
formation and by 1966 the p>erccntage was nearly 26 per 
cent. However, after a peak of nearly 28 per cent in 1967 
the proportion dropped to less than 25 per cent in 1969 
with the cyclical increase in fixed investment.

Table H shows the effect on the distribution of total 
manufacturing investment in 1968 of including with 
fixed capita) expenditure, company funded current 
expenditure on R & D. Only the company funded 
element of R & D expenditure has been included in 
Table H, rather than total expenditure, because expendi
ture funded by the government can be regarded as a 
purchase by the government of the R & D services 
provided by industry rather than investment by the firm 
which is financed by the government. Also, a large part 
of the government funded R & D is for defence which, 
at least in national accounting terms, is not regarded as

capital expenditure. Since some expenditure on R & D 
is capital expenditure (see Table B in Section II). capital 
expenditure on R & D has been deducted from the total 
of company funded R & D in order to avoid double 
counting. The fact that some capital expenditure on 
R & D may be government funded and this deduction 
may therefore be loo large has been ignored.

It can be seen that the distribution of company funded 
current expenditure on R & D is appreciably different 
from that of fixed capital expenditure. It should he 
noted that in several product groups—industrial engines, 
electronics and telecommunications, electrical machinery 
and aerospace—company funded current expenditure on 
R & D exceeds that on fixed assets. In consequence, the 
combined distribution of the two shows some appreciable 
differences from that of fixed investment alone. Whereas 
electronics and telecommunications accounted for only 
2J per cent of the fixed capital expenditure of manu
facturing industry it accounted for 5 | per cent of the 
combined figure. The share of aerospace goes up from 
2 per cent to 3] per cent. Appreciable decreases in the 
share arc shown for food, drink and tobacco (from 
13 per cent to 1 4  per cent), for textiles, clothing, 
leather and footwear (from 9t per cent to per cent), 
and for other manufactures (from 19 per cent to 161 
per cent).

An alternative presentation of how the combination 
of R & D expenditure with fixed capital expenditure 
alters the order of size of the various product groups is

Distribution of

TABLE H

capital formation and company funded current expenditure on research and development
Manutacturlng industry

Fixed 
capital 

expenditure 
(nci)C)

Company ETj v|w-l Company
funded 9 f AWI

capital funded
current Total current

expenditure 
on R A D(*>

expenoMure
(nct)( expenditure 

on R A 0 (0

£ million

Food, drink, lobacco 
Coal, petroleum, chemical and allied products: 

Pclrolcum products 
Pharmaceutical and toilet preparations 
Plasucs
Other chemicals

Total ......................................
Metal m an u fac tu re ..........................
Mechanical engineering:

Machine tools 
rndusirial engines ..
Other mcshanical engineering

Total ......................................
Instrument engineering 
Electrical engineering;

I lecironics and telecommunications 
Electrical machinery 
Other electrical engineering

Total .....................................
Shipbuilding and marine engineering
Motor vehicles ..........................
Aerospace .....................................
Metal goods not elsewhere specified 
Textiles, clothing, leather, footwear
Other m anufactures..........................
All manufaaurmg

Total

Percentage of total for ail 
manufacturing

199-3 17-6 216 9 /.?•/ 4 6 n-4

86-2 112 97'4 5 7 2 0 5 1
2M 16-6 .37-7 1-4 4-4 2 0
38 2 9-6 47-8 7-5 2 5 2 5

165-6 40-1 205-7 109 10-6 lOH
311-1 77-5 .388 6 20-4 20-5 2fh4
1232 15-2 1384 H I 4 0 7-3

13-7 4 3 18-0 0-9 I I 0 9
2-8 5-2 8-0 0 2 14 0 4

113 2 328 1460 7-4 H-7 7-7
129-7 42 3 172 0 H-5 n  2 9 0
18-1 11-5 29-6 12 3 0 1-6

424 67 0 1094 2H 17-7 5-7
142 15-6 29 8 0 9 4 1 16
36 3 13 5 49 8 24 3 6 26
929 960 188-9 6 1 25 3 9 9
249 14 26-3 16 ( H 14
83-8 39-1 1229 5-5 10 3 6 5
309 32-8 63 7 20 M7 3 3
738 68 806 4H IM 4 2

146 8 125 159 3 96 3 3 H4
290-5 26 1 316 6 190 6 9 166

1.525 0 378-7 1.903 7 WOO m o WOO

f*) As shown in Report on the Crnius o f  Pnnluction I96R; Part 156 Summary tables: Industry analyses IMMSO 1972).
(•) Total company funded expenditure including work contracted out (shown in Table F) tr.%s total capital cxpcndiuire on R A D (shown 

m Table B).
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TABLE I

Rtokiog of product groups according to the position of research and development expenditure, 1968
Manufacturing industry

Food, drink, tobacco ..
Petroleum products 
Pharmaceutical and toilet preparation: 
Plastics
Other chemicals 
Metal manufacture
Machine t o o l s ..........................
Industrial engines 
Other mechanical engineering .. 
Instrument engineering 
Electronics and telecommunications 
Electrical machinery 
Other electrical engineering 
Shipbuilding and marine engineering 
Motor vehicles . ■
Aerospace
Metal goods not elsewhere specified 
Textiles, clothing, leather, footwear 
Other manufactures

R & D a s
percentage

of
turnover

Table B

R & D as 
percentage 

of
net output

R & D as  
percentage 
of value 
added

Table C

R & D a s  
percentage 
of wages 

and
salaries

R & D as 
percentage 

of
materials

purchased

R & D as 
percentage 

of
capital 

expenditure

Table D

Co-funded 
R & D as 
percentage 

of gross 
trading 
profits

Table F

R & D and 
licence 

payments 
as

percentage 
of turnover

Table G

given in Chart 4. In this chart all current expenditure 
on R & D has been taken into account, including that 
funded by the government and from overseas, and 
licence payments have also been included. For the 
twelve product groups distinguished in the chart, the 
expenditure on coal, petroleum, chemical and allied 
products was greatest on hxed investment alone and in 
total, and expenditure on other manufactures was next 
in order of size. But whereas electrical engineering was 
seventh in order of size for expenditure on fixed invest
ment alone, it was third when the various forms of 
expenditure on research and development are also taken 
into account. The other major change in the order of 
size of expenditure is aerospace, which had relatively 
small expenditure on fixed investment atone but came 
sixth in order of size when expenditure on research and 
development is included.

changed comparatively little. To illustrate this point in a 
simple way, Table 1 shows the ranking of the product 
groups for most of the ratios, thereby bringing many of 
the tables together. The general pattern is fairly clear: 
aerospace, electronics and telecommunications, and 
industrial engines arc generally the first three product 
groups. However, there is one noticeable exception in 
the case of petroleum products; for this product group 
there is a distinct difference between its ranking for the 
measures which include the value of materials purchased 
and those which do not. The higher ranking when 
purchases of materials are excluded reflects the small 
net output of this industry in relation to the materials it 
uses.

VI. Conclusions
One of the most noticeable features of this analysis has 
been the regularity with which particular product groups 
have been shown to be the most R & D intensive. 
Even when a variety of indicators have been used to 
estimate the share of resources allocated to R & D, 
and the actual percentages have changed as a result, 
still the relative position of the various groups has

When R & D expenditure is considered as a form of 
investment and combined with fixed capital expenditure, 
the order of importance of the various product groups is 
appreciably different from that when fixed investment is 
considered alone. The inclusion of expenditure on 
licences, royalties, patents, etc., further changes the 
order of the size of expenditure but to a much smaller 
extent. For industries whose technology is developing 
and where research is being undertaken into new products 
and processes, expenditure on fixed investment alone is 
not indicative of the resources which are being devoted 
to maintaining and improving productive capacity.

Department o f Industry
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APPENDIX

Correspondence between figures for product 
groups and those for industries
In relating the figures for expenditure on research and 
development to other variables, their sub-division by 
product group brings some difficulties because most 
other variables are aggregated for establishments within 
a given industry. However, product groups generally 
correspond quite closely to industries, since establishments 
in manufacturing industry are basically defined in terms 
of their principal products. For exact comparability 
from each industry as shown in the census of production 
‘non-typical’ products must be transferred out to their 
appropriate product category, while ‘typical’ products 
from other industry headings must be transferred in. If 
these are in balance, or nearly so, there is no effect on 
the relationship of R & D expenditure to the economic 
variable being examined.

The table below shows the results of making such an 
adjustment to the figures of turnover in the 1963 Census 
of Production and the consequential effects on a ratio of 
expenditure on research and development to turnover. 
Of the twenty-one products shown, in fifteen the ratio 
of R & D expenditure to turnover of the industry was 
the same to one decimal place as that to the turnover of 
the product group. In four of the remaining product 
groups there was a difference of only one in the first 
decimal place. The higher differences were in petroleum 
products (0-2) and electronics (0-4).

Even the largest of these differences is small in 
relation to the wide variation between industries in the 
ratio of R & D expenditure to turnover, which ranges 
from over 25 per cent in aerospace to less than I percent 
in eleven of the twenty-one product groups.
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Effect of classificatioD by product group instead of industry

Expend!- 
ture on 
R & D 

in
1964

Turnover in 1963 Expenditure on R & D as a 
percentage of turnover

Industry
Product
group

Industry

Product
groupTotal

Principal
product Total Principal

product
£ million

Food, drink, tobacco .......................... 13-7 4,499 4,479 4 524 0-30 0-3/ 0-30
Pclroleum products .. 9-9 505 454 462 1-96 2 /8 2-14
Chemicals and allied products 55-1 2,259 2.144 2,265 2-44 2-57 2-43
Iron and steel 10-5 1,797 1,736 1,773 058 0-60 0-59
Other metals .. 4-2 701 662 710 0-60 0-63 0-59
Mechanical engineering 31-2 2,477 2,304 2,530 126 1-35 1-23
Scientific instruments 10-4 251 232 251 4-14 4-48 4 /4
Electronics 70-6 682 618 653 10-35 11-42 I0-81
Electrical engineering 26-5 1,061 965 1,034 2-50 2-75 2-56
Shipbuilding and marine engineering 3 0 418 386 413 0-72 0-78 0-73
Motor vehicles 32-3 1,909 1,802 1,832 1-69 1-79 1-76
Aerospace 138-5 546 531 546 25 37 26-08 25-37
Other vehicles 0-8 208 186 213 0-38 0-43 0-38
Metal goods not elsewhere specified 6-4 1.629 1.545 1.641 0-39 0-41 0-39
Textiles 11-1 2,079 2,063 2,080 0-53 0-54 0-53
Clothing, leather, footwear .. 1-2 999 994 1,004 0-/2 0-12 0-/2
Stone and clay products 7-4 754 720 747 098 1-03 0-99
Timber, furniture, etc. 15 651 633 650 0-23 0-24 0-23
Paper, printing, publishing.......................... 3-1 1,628 1,608 1,623 019 0-19

A 1
019

Rubber and rubber products 4-7 352 325 338 1-34 1-45 1-39
Other manufactures .. 3-2 423 395 449 0-76 0-8/ 0-71

Produced in England fo r  Her Majesty’s Sta t ionery  Office by H obbs the  Printers o f  Sou tham pton
(163)  D d496213  K8 2 /77  G3927
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