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The Effect of Computerisation on the Demand for Labour in the U.K.

This paper presents the rgsults of an exercise, based on some
tentaﬁive,estimates df labour saving iﬁ'computer use and construction,
desigﬁed‘to illustfate how the effects of technological change ought to
be considered not solely‘in terms of comparative statics but also”in térms
of the effects during the process of changing technique,Ai.e. along the

(1)

transition path.

The study concentrates on demand for labour aspects because these
can be most readily observed. The method is to consider a_compéfison
pathrthat is the U.K. economy frozen in its 1954 technological form with a
given 1954 final demand vector, and to‘comparé its labour demands with ihe
actual "economy (in which computerisation has taken place) once the expansion
in its final demand vector has been removed. We can therefore illustrate
the effect on the 1954 economy of 100% computer penetration and the effects
at each stage qn.the transition path as the economy approaches the satur-

ation level.

We assume that changes in the fiﬁal demand vector have led to 247
p.a. compound growth in the output level since 1954, and that to reduce
the real economy to compare with the comparison path we can simpiy deflate
by the growth multiple. This is an heroic assumption that also ignores

annual variation but there is some justification.

a) The estimates to be used concern mainly the demand for labour

in office applications for computers, and the Department of Employment

(1) This paper is based on results arising from a Ph.D. Thesis submitted,
to the University of Cambridge, October 1973:- P. Stoneman, On_ the
change in techniques - a study based on spread of computer usage in
the U.K. 1954-1970. I wish to thank Dr. R. M. Goodwin for his advice
during the preparation of that thesis and thus this paper. Thanks
are also due to a referee of this journal, Professor K. Cowling of the
University of Warwick, and other members of the University of Warwick
Industrial Economics Workshop.




(1)

estimate that without computers, office employment would grow at 2.4% p.a.

"~ b) Although the use of computers may itself be output expansive,

(2)

1t has been estlmated that up to 1964 any such effects on labour demand

were small but>this problem is considered further below.

This paper<proceeds as follows. In section iI we estimate iebour
savings per machine in computer use. In section III the change in 1eb0cr
‘requirements in capital goods construction are seudied. Both sets of
estlmates belng those appropriate to third generation computer technology.
In sectlon IV a comparative statics exercise is performed, in section V the
'transition is ana;ysed and in section VI qualificatlonsand conc1o51oos’are

. stated.
IT

Computers are used in three main areas - scientific, process control

(3)

and administrative applications.

(4)

The break down of usage is presented

in Table 1.

(1) Department of Employment, Computers in Offices 1972, Manpower Studies
\ No. 12, H.M.S.0. 1974, p.49 para 37. =

(2) “Ministry of Labour, Computers in Offlces, Manpower Studies No. 4,
H.M.S.0. 1965, p.19 para 8.

(3) A number of studies of the effect of computers in different areas have
been made. At the firm level reference to Memoranda by Rolls Royce,
B.E.A., GEC-Marconi, UKAEA, Ministry of Defence, Barclays Bank, Midland
Bank, Esso Petroleum, Shell Petroleum etc. to the Select Committee on
Science and Technology Subcommittees A & D, (H.C. 137 & 272, 1969-70,
and 621-1, 621-1II, 621-III, 1970-71) H.M.S.0. is informative. At the
industry level publications by the National Computing Centre e.g.

Computers in Vehicle Scheduling, 1969; Computers in Textiles 1968,
indicate the effects of computers on specific industries. At a more
general level one can look at; Manpower Aspects of Automation and

. Technical Change, OECD 1966; Economlc Aspects of Automation, U.N. Economic

" Commission for Europe, New York 1971; I. Traviss (ed ) s The Computer
ImEact Prentlce Hall, 1970.

(4) ’Computers in Offices 1972, p.11. Educational and other machines are
ignored for the purposes of this exercise.



Table 1 - Computer usage 1969°%)
Area of Use . Number of machines
Administrative : 2,108
Scientific o 600
Educational 150
Process Control 150
Others 100

Thus in 1969 épprox. 2/3rds of all machines by number were qsed for adminis-
trative tasks. As process control ﬁachines tend to be small:their relative
importance is're&uced. These proportions have probably changed over time

with scientific applications reducing in relative importance. This will be

referred to in the final section.
We argue;

a) The use of process control computers has no implications

for labour deménd'in the user séctor, (z)fand is purely capi;al‘saving;

b) Scientific applications do not save labour but generate new

(3)

knowledge;

(1) The table only covers machines costing £20,000 plus. This exclusion
is of little importance (see, Computers in Offices 1972, p.46 para 9).

(2) Select Committee on Science and Technology Subcommittee D, The U.K.
Computer Industry, Vol. II, HC 137, (Session 1969-70)H.M.S.0. 1970,
Memorandum by Ferranti Ltd., p.76. R

(3) Although in certain cases e.g. aircraft design, scientific machines
may be considered labour saving, much scientific work could not even
be carried on without computers and thus this assumption seems

reasonable.



¢) Labour implications are concentrated in the use of computers

for administrative purposes.

The pattern of labour saving in administrative use can be identified

as in Table 2. The derivation of this table is covered in the Appendix.

Table 2 - Posts replaced and created per computer instgllgd 1Q§§ and 1969.

Occupation . Number of Posts
1964 1969
Managers & Executives) : - 1.0
. - 1.0
‘Supervisors o ) ; - 5.0
Clerks o -47.3 -49.0
- Typists = - . -~ 3.4 - 7.0
Calculating Machine OPs. ) -20.7 =12.0
_Other Office Machine Ops.) : - 5.0
Other Office workers R - 1.0
D.P. Ménagers‘ | + 1.1 +1.3
Systems Analysts + 3.7 + 5.4
Programmers + 5.6 + 7.4
Machine Operators +19.1 +20.1
Other EDP staff + 5.1
Net reduction 42.9 41.6

1f we capitalise skill differences by one man year of labour per year of

operation we can identify a labour saving of 41 man years per computer

- (per year of operation) in administrative applicatioms.

We spread this saving over all computers making (with rounding)

27 man years of labour saved per year of operationm. We estiméte that a

:fl)t This estlmate is based on information in, Civil Service Department,
Computers in Central Government Ten Years Ahead, CSD Management ’
Studies 2, H.M.5.0., London 1971, pp93-6. S




(1) (2)

computer has an active life of 7 years to install,

but takes one year
and can therefore present the pattern of net labour use in computer

applications as

Year o 1 2 3 4 5 6 7

Net Lab Use 0 =27 =27 =27 =27 =27 =27 =27
111

In capital goods construction we require estimates of labour use
in the construction of computers and capital gbods for replaced techniques.
We have derived (seé Appendix) that each computer requires 50 man years of
iabour input spread over two years for construction.  Replaced machinery,
mainly office machines and special logging and control equipmenﬁ(3 requireé
2.0 man years of labour input. Thus in capital goods construction, we can

identify net labour use, with time measured relative to computer use, as

Year -1 -2 0

Net Lab Use +50 +48 O
Thus generating the profile of net labour use as

Year -1 -2 0 1 2 3 4 5 6 7

Net Lab Use +50 +48 0 -27 -27 -27 -27 -27 =27 =27

(1) Using data from Computer Survey, United Trade Press, London, 1962-1970,
approximately 707 of machines have died by the end of their seventh year.
Some live for 10 years or more, some only for two years.

(2) For the time profile involved in the computer installation time profile
see the two Computers on Offices surveys, Appendix 9 in the 1965 volume,
and Appendix 13 in the 1973 volume.

(3) For details of machinery replaced see the Evidence of Ferranti to the
Select Committee op.cit., Computers in Offices, p.l5, and Computers
in Offices 1972, p.l4.



v

To compare economies with and without computers we néed’an.estimate
of the satiation stock of computers. To get round this problem the projections
of the growth rate of the computer stock generated by the Department of
Employment(l)fare,used‘for the period 1971-1978, and then 1979 and 1980 are
assumed to have a stock 3 and 2{7 greater than the previous‘year respectively.
Assuming that the economy has been growing at 247 p.a., the 1980 economy is
~ considered to be‘computer saturated. However the calculated 1980 stock is
relevant to the 1980 economy and we wish to effect a comparison with the
economy with the 1954 final demgnd vector. Thus the assumed ra;ekoﬁ grqwth
. of Z%Zvis témoved’from theVdata 80 thgt the recalculated 1980 stock is now
thew§%%%£§ﬁionVstqck for the economy with the 1954 demand vector. On tbe

2)

basis of‘an actual 1970 stock of 5,470 machines the calculated saturation

stock is 8,092 machines.

Assume now that these machines, for comparison purposes, would have an
even age spread at 1007 penetration so that a constant proportion would come
up for replacement each year. To produce these replacements the economy

would require an extra amount of labour equal to,

é . 8092. 48 = 48,552

and would save in each of the seven years of operation twenty—seven men per

machine, i.e. in each year the economy would reduce its labour demand by

%-. 8092. 27 = 194,970

This would mean a net reduction in labour demand of 146,418 man years.

‘ (1 Computers in Offices, 1972, p.10.

(2) Derived from Computer Survey.



This is approkimately i% of the 1954 labour force.

kTurn now t& thé transition path. Here one is concerned w1th the
'changes that the 1954 economy must go through in order to reach the |
computerised state. It is felt that the best way to do this is to investi-
gate the actual time path of cémputerisation since 1954 conéidering 1952
as year zero, remove expansion from 1t and'then say thatAeach time period

represents a stage on the transition path.

The,expanéion effects are removed by assuming the 2§Z p.a. compournd
gréwth in output since 1954 and that to reduce the’actual stock in time ¢t
to the transition stock in time t one cén simply reduce the stockkby the
compound growth multiple. The 1954-1970 transition stock, i.e. the years
2 - 18, can be easily derived from the actual Computer Survey data. For

the years 1971-1980 the Department of Employment growth rates, reduced by

247 p.a. are used.

To generate the labour requirements in computer~manufacturé
itvis necesséry to geﬁefate a series of gross additions to theycémputer stock.
for the years 1962;1970 gross data is available from Computer Survey. In
other years it is assumed that machines are replaced at the end of the seventh
year of their operation.(l) To get to transition path gross additions it
is assumed that the transition gross additions beér the same relation to

the transition net aadditions as do the actual gross additions to actual

net additions.

(1) This assumptlon is not totally consistent with the relationship of
gross to net in the actual data, and has the unfortunate outcome of
producing "echo" effects in the latter part of the series calculated.
Attempts to estimate decay functions were unsuccessful, and this
necessitates the present assumption.



With the étock, gross additions, and the time profile of labour
savings for each computef as detailed above, one can calculate the savings
made on the transition path. These are presented in Table 3. 1f one
assumes that only 70% of machiﬁes‘ére constructed in the home countty(l>'a
different set of savings result. . These are also detiled in Table 3. The
lmaﬁner ofﬂgeneiating these figurés is that if T 1is taken to represent;
calendar timé and t to represent time internal to the pfocess; theﬁ if
dné lets a ’be the net change to labour requirements in time 1t the total

t

addition to labour requirements will be

i ™10

x (T - t)at
t .
where x(T) is the number of gross additions to the stock in time T. The

total reduction in labour requirements will be in time T
(S(T) - % (1)).27
where S(T) is the total stock in time T.

It will be noted that the labour savings in the year 1980, by which
time the‘satiationkstoék has been established, do not match those calculated
in thé céﬁpariéoﬁ of étates above. This can be explaihed by the fact that
iﬁ chat compafiséﬁ én‘even ageVépread of equipment was assumed whéreas in
thebprésent siﬁuation‘this stage has not been reached. This is however
only part of a’widér question, for although a path has been detailed for
28 years the ﬁrénsition is noﬁ complete. A transition path is concerned
with tﬁe path beﬁween steédy states. No such position has been established.

The next stage in the path must be the taking up of the labour released and

(L This pércentage is derived on a basis shown in the Appéndix.
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alsq the generation of a more even age spread of eqpipﬁent. No further
investigatibn\is to be carried out here though.

One conclusion that can be reached, however, is that the‘transition
path is’réally more intéresting than the’comparison of states, for, although
it has been_absﬁracted from, while this computer transition has been occurring
~other diffusions will have been taking place and new innovationskmaae, A
compa%i;oﬁ ofksteédy_statesvwhich economies never reach could not indicate
what effect these processes are having on the economy. VIt is m;re interesting
to discover wﬁat effect the computer has had on the economy during its
transition path than to derive what effect it might have when the transition
is cqmplete. The fact that at some date the use of computers may release
%Z’of the labour force is less important that the fact that during ﬁhe first
15 years of its life the computerisation process has generated an increase

in labour demand.
VI
We can make a number of qualification of our results.

a) As well as the labour savings being produced by computers,
benefits ranging from space saving, increased efficiency, better service etc.

(1

can also be identified. There are also implications for the skill~structure
of the labour force and its distribution between capital goods and consumer

goods industries.

(1) For further details of such benefits as are available, see for example,
National Computer Centre, The Analysis of Computer Usage in the U.K. 1971,
Manchester, 1971, pp 14-21. :




(1)

b) The proportions of computer use “have changed over time.
“In the initial stages computers were used more in scientific than adminis-—
trative applications and process control is relatively more recent. As
scientific machines are not essentially labour saving, bﬁt still have to
- be built, one wouldAexpect the stage on the transition path. showing labour
saving to be underesti&ated in terms of the size of the increase in the
demand for labour and also pérhaps the length of the period for which there

is an increase in labour demand.

c) The technological change that has occurred in both computer
use and construction has been ignored. In essence the coefficients of the
technique as calculated have referred to third generation éomputer technology.
Technological change in computer use has centred around the types of appli-
cations. In the office area there have been three stages of use - automated
clerk, integrated systems and management information systems. This has meant
that by concentrating on the later stages we may have overestimated the
labour savings to be derived from computer use in the early years. At
the same time technological change in computer production may mean that .we
have underestimated labour requirements for construction in the early years.
Both qualifcations would enforce the conclusion that ;bmputerisétion increased

(2)

the demand for labour in the early years.

d) There is considerable evidence that economies of scale exist

(3)

in computer construction and computer use. This has certain implications

(L) i.e. as detailed in Table 1.

2) For details of the technological changes that have occurred see, for
example, S.H. Hollingdale and G.C. Tootill, Electronic Computers,
Penguin 1970; C. Freeman, 'Research and Development in Electronic
Capital Goods', National Institute Economic Review, Nov. 1965 pp. 40-91;
OECD, Gaps in Technology - Electronic Computers, Paris 1968; and
P. Stoneman op.cit.

(3) See for example, C.F. Pratten, Economies of Scale in Manufacturing
Industry, University of Cambridge, Department of Applied Economics,
Cambridge University Press, 1971, pp. 218-26, for computer comnstruction,
and in computer use the relation between computer size and labour impact
is detailed in J.D. Humphries, 'Future Staff Needs', National Computing
Centre Newsletter, February/March 1970, p.12. See also P. Stoneman op.cit.
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for our estimates. The technological coefficients dre based on 1968 for
computer manufacture. - At this date the scale at which the industry was
working was much greater than in the earlier years. - This may imply that‘
our estimates~of labour demand in those years may be too low. In computer
use we have found that net labour requirements did not change much between
1963 and 1968, but computers increased in size between these years.(l)
This implies that any scale effects are mnot being reflected in net labsur

saving. It may therefore be that scale effects are being reflected in the
bernefits detailed in (a) above. However this inérease in the average size

of machines may offset the possible errors introduced by ignoring scale .

effects in computer manufacture, the estimates of labour demand being based

on assuming machines of the same size being produced in each period.

e) Finally, we have assumed that every machine installed is for
replacement purposes rather than to generate expansion of output. Thié
does not refléct on our technological coefficients but may reflect on the
total net labour demand figures generated. If machines are installed not
for replacement, but, for example, to increase the management information
available for use in production of a given final démand'vector then there
will noﬁ be any labour savings to offset the demand for labour for computer

construction and use. This would imply that our demand figures are again

an underestimate.

The principal conclusions to be drawn, given the tentative nature

of our estimates are twofold.

a) If we make a comparison of states then computerisation can

be seen to reduce the demand for labour.

(1) In terms of all performance characteristics e.g. speed, store size
etc. See P. Stoneman op.cit.
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b) 1f we look at the transition path then we can see that the
rate of diffussion has been such as to require the economy to increase its

labour force for a number of years before the labour savings can be realised.

These conclusions suggest that if one is to look at the effects
of technological change then oreought to really concentréte on the tr#nsition
path. Moreover if one considers also that approximately 307 of computers
wcrc‘importcd, then there are different implications for the availability
of labour to provide the exports for payment when the early stages of the

transition path are compared with the later.

Finally it should be stated that this analysis is really only
partiél. We have not analysed all the ramifications along the transition
path. We have taken the computer diffussion pattern as givén, we have
not feally analysed the interactions between the computer sector ahd the
ﬁhole economy. Nor have we analysed how the released labour is to be
taken up. To do that a much wider’approach has to be taken. Onekway
forward has been suggested by Hickssl) to whom; it will be clear, this

paper owes a debt of methodology.

P. Stoneman

University of Warwick

(1) J. R. Hicks, Capital and Time, Oxford University Press, 1973.
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Appendik

In this Appendix the method for estimating Table 2; and labour use

in computer and replaced technique manufacture are covered.

1. Net labour saving in coﬁputer use

The data available comes from the éwo Computérs in Officés sur&eys.
In the 1965 survey an estimate is made of the extra posts thattﬁould |
have been needed in the A.D.P. area to cope with the éxpansion of buéinéss
if A.D.P. had not been available to deal with it,plus the posts actually

(L)

digpontinued in the A.D.P. érea. The surQey estimates 703 computers
kkf%ng;glled or on order on the lst Jénuary 1964, this figure being used to
reduge the déta to savings per computer. These data are detailed in
Table A.1. To a certain exfent these figures include work that wogld
not have been done without’a computer. The difference in terms of’man;

3

power was small however.

In the 1972 study those installations that had had a compﬁter for more
than two years were asked,'if you did not have your computer installation,
how many additional officé workers would you require to maintain your present.
level of business ?' Work which could not be done withoﬁt the computer
and which would therefore have to be abandoned was specifically excluded.

The number of posts per computer in well established inétitutiohs‘are

detailed in Table A.l.(z) It was also estimated that small computers (costing
less than £20,000) had absorbed another 2,000 posts and computer service
bureaux a futther 12;500. This 14,500 in a total of 158;000 posts would

only slightly modify the numbers overleaf and because‘of the possible errors
(2)

in estimation and difficulties of breakdown, are ignored.

(1) Ministry of Labour, op. cit., p.19 , Table 1.

(2) Department of Employment, op. cit. p.20 , Table 7.
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To offset these reductions in office posts there have been posts

created by A.D.P. TFor the estimation of these figures the Computers

in Offices surveys were used again. For 1964, the survey made distinction

between permanent and transitional employees, this has been ignored for

the 1972 study found that the transitional employment became permanent.

Table A.1l
Posts taken over by computers
1964
Management & Executive 1.0
Supervisors
lerks 47.3
Typists 3.4
‘Machine operators 20.7
Others . ’ ' - -

ey

1969

1.0
5.0
49.0

7.0
17.0
1.0

Because service bureaux and manufacturers service to customers provide

“much software to users, it was decided to include labour in these sections

when calculating posts created. This meant that the posts per computer.

were worked out on the basis of the 703 owned or on order by customers

plus the 58 in service bureaux. From the survey, the figures for the posts

created are as in Table A.2.(2)

Table A.2.

Posts created by computers

1964 1972
Data Proc. Managers 1.1 1.3
Systems Analysts 3.7 5.4
Programmers ' : 5.6 7.4
Machine Operators 19.1 20.1
Others ‘ - 5.1
(L Department of Employment. op.cit. p.28.
(2) Ministry of Labour, op.cit, p.20. Tables 3 & 4.
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- The figures, for the 1972 study are calculated on a similar basis the

¢D)

. surveys projections for 1972 being used. These figures are all combined in
- Table 1. It would therefore seem that a saving of aﬁproximately‘AZ men

. per machine can be indentified.

It should be noted however, that if the transitional/permanent
distinction is made and posts created in service bureaux and by manufacturers
services are ignored, then a staff saving of 60 men per computer can be

espimated.

2. Labour usage in capital goods construction

Census of Production data shows that in 1963,10;400 employees were
involved in computer comstruction and in 1962 , 19,100. During 1963
290 machiﬁes were installed and 1126 during 1968. It isvgstimatéd that

Jtdtalkhbme manufécture is 727 of the home market.(z) Thus there Qas
1 suff1c1ent labour to supply 810 machines in 1968 and 208 in 1963. This
1mp11es that 1abour per computer produced was 50 man years in 1963 and

24 man years in 1968.( 3

However, to get a true estimate of labour
" requirements in computer manufacture we have to include labour in those

sectors supplying computer manufacturers. In 1963,217 of sales revenue was

spent on buying inputs from other sectors and in 1968, 43.67.

- (1) VDLepartment of Employment, op.cit. pp. 27-8, Tables 14 & 15.

) In the Memorandum by the Ministry of Technology to the Select Committee,
(U.K. Computer Industry, Vol. I, op.cit. p.355) the data indicates that
60% of the home market was supplied by U.K. production, and 357 of U.K.
manufacture was exported in 1968. Exports were £47.6 m. and Imports
£74.8 m. . Thus the total home market must be £74.8 m x 2.5 = £187 m.,
and total home manufacture £47.6 m. x 2.857 = £136 m. Thus total home

- manufacture is 72% of the total home market. Of course these proportions

may change over time but this seems a reasonably approximate way for
correcting for the presence of foreign trade.

(3) These figures include R & D personell that should not really be included for
these purposes but cannot be separated out.
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Now, although some of the fall in labour reqﬁirements may be due
to teqhnological change and scale returns (the effect of which on the
fesults are considered in the main text), it is felt reasonable to argﬁé
. ;hap between 1963 and 1968 the increase in 'boughtkin' inputs from 21 - 23.67%
kof sales caused the major fall in iabour requirement. Thié could imply
., that ZZZ_of saleé boughtfin represents 26 man years of labour. Thug if
we consider 1968 technology as involving SQ man years of labour it is
" equivalent to assuming 217% of sales spent buying in.  This is of course

a very approximate way to estimate labour inputs.

TheValternative techniques replaces by computers invp;ve maihly
office machinefy, although some logging and céntrol equipment has been
replaced. Census of Production data indicates that in office machinery
ﬁanufacture, 30,00Q men were employed in 1963 and 30,700 in 1968. The
-Computers in Offices survey estimates that office employment would have
increased at almost 24% p.a. without:computers. If one assumes that
each new employee would then have been equipped with the same machines
as older émployees, then over the five year period an increase in labour
~ in machine manufacture of approximately 127 would have been required.

On 1963 productivity rates this would have meant 34,188 employees in
Office Machine manufacture in 1968. However, only 30,700 were employed,
which implies that computerisation prevented the creation of 3,488 jobs.
During the period 2,647 computers were installed thus an average of 1.5
jobs per computer were not created in this sector. The comments to be

made on this are

(a) any complication through home versus foreign construction has been

ignored.
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(b) the figures do not include labour input into thé products supplied
ﬁo this sector, either current or caéiﬁal'input. It is assumed that this
will offset any pﬁféhases of the computer sectof‘from70utsidé that have
not been cdveréd'by‘the above estimating procedure.

(c) ’thé'figures Qillvbe'compared with thebextra iaﬁour reduired for

" computer manufacture. Fortunately there is little reason to believe that
'5ﬁ§ adjustment will be required for different productive lives of‘eduipment.
'(d)v"thesé figures do not include the logging and control'eqdipment being
:réplaced‘and‘make~no allowance for productivity increases in office
equipment manufacture or usage.

Because of these comments the figure of 1.5 is rounded to 2.0, which

will also make calculations simpler.

'Thus we can say that net increase in labour demand is 48 man years
‘per computer constructed. It is assumed that compdtem take 2 years to
build and office machines one, yielding labour demand of 25 and 23 man

years in years -2 and -1 'computer profile time'.



