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Capital. Formation, Technical Change and ,Labo'ur‘
Productivity. Improvement: An. Analysis of a Cross-
Section of Irish Manufacturing Industries 1953/1967

NOEL J. J. FARLEY*

Tiw recent economic literature has given a good deal of attention to the
analysis of production and technical change. During the second half of the
1950’s, Solow published his path-breaking article on the causes of labour pro-
ductivity improvements in the private non-farm sector of the American economy.
Soon thereafter Massell was completing a similar analysis of American manu-
facturing industries.? The introduction of a new production function—the
CES—then followed and opened the door to a new generation of studies of
production and technical change.3

During the 1960’s the Irish economic literature had included contributions
which filled in some of the preconditions for similar analysis of Irish production
activities and Kennedy’s excellent essay represented the first major effort to
understand the causes and effects of improvements in labour productivity in
Irish manufacturing industries.# Kennedy proceeded with very aggregated
capital stock estimates but lacked them for individual Irish industries, and sug-
gested that such analysis would be greatly enhanced by the use of more dis-
aggregated capital stock estimates. On the basis of his comprehensive analysis, he
concluded that improvements in labour productivity could be more readily
explained by technical change than by increasing capital to labour ratios. .

This paper picks up where Kennedy’s analysis leaves off and uses capital, labour
and output series to examine the causes -of labour productivity improvements
in 44 Irish manufacturing industries over the period 1953-1967. In its basic
methodological approach this paper is cut from the Solow/Massell cloth which
seems to provide a satisfactory operational base from which to proceed, and

*I want to thank K. Kennedy and G. Hughes for comments on. an carlier draft of this paper.
1, of coutse, take full responsibility for the final product. .
1. R. M. Solow [11] .
2. B. F. Massell [7] ' :
3. See, for example, K. J. Arrow et al (1); B. Minhas (8). -
4.X.Kennedy [6].
5. K. Kennedy [6], pp- 132-133.
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although there would be great value in experimenting with other approaches to
interpreting the behaviour of ]abour productivity, the ba51c data at hand are not
appropriate to-the task., S LRIl I . et L wie )

Many of the estlmates 1nc1uded in this paper are crude because of the nature
of aviilable ‘data, butiefforts afe made to' make” proceduresiof estimation clearat
each step 50 that a healthy scept1c1sm can be mamtalned atall tlmes With few
exceptions, [ am satisfied that the ‘picturé that emerges is'a good approximation
of the realities of the Irish manufacturing experience between 1953 and 1967.

In the next section, the analytlcal framework is constructed. A presentation
of the data follows and a'discussion is undertaken of the methods of compllatlon
of the output, labour and capital series. Causes of labour productivity improve-
ments in each of the 44 industries are then sought and the results are put together
to find overall patterns of change. A number of sections then seeE out causes
for the patterns of technical change in groupings of industries. The implications
of the findings for the’role of capital in the process of industrialisation are then
discussed and the conclusion puts the ﬁndlngs into perspectlve and suggests an
agenda for futute research PR §~m : Lo A
e T4 - + ll‘\ ‘. \"

Capztal i Technical Change and the Productzon Functzon o S .

The startirig point for-the ana1y51s is a Cobb-Douglas form of the Productlon
function "~ ©rt

| Y= Ae”K“L(I‘” L (1)
where Y'is. the level of output, A is the technical coefficient at 2 moment of time,
e" is an 'index ‘of technical change whete £ represents time and 7 is a parameter
to be estimated for each industry, K is'the quantity of capital; L the quantity of
labor, ‘o' (1 — a) the elasticity of output with respect to a 1 per cent change in
capital (labour). a'(1 — a) can‘also be 1nterpreted as the share of income gomg
to, capital- (labour) o ; .

“In this form of the production ﬁmcuon constant returns to scale are assumed
and the “élasticity of substitution between labour and capital is assumed to be
one. This last assumption has the implication that factor shares in income remain
unchanged over time. Also in this form of the function, technical change is
simply & function of time and is assumed to be neuttal ®

Differeritiation of the function-with respect to time and d1v1d1ng through. by
Y gives us the equatlon R o

. R EI . L S T

y—r+ak+(1—a) (2)
where y, k and [ are the annual rates of growth of output, capital and labour
respectively. r is the contribution of technical change to the annual rate of growth
of output. >

6. For this kind of model see Solow [11] and Massell [7].

|
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. To get the-annual rate of growth of output per ‘man, subtract [ from each side-
and then: . i

AT e AL oo Yoo, 00 [FEPE S FLEA A |
el ’;-%9., ., (Y,— 1)=a(k—‘—;1))+f‘ s e 1,_" (3)’4_

e . R L T B T B
The annual rate of improvement of. labour - productivity depends ‘on: the- rate
of increase of the capital to labour ratio, the importance of capital in the produc-
tion process as indicated by a, and the fate of technical change as reflected in r.

As Solow would put it, it is necessary to distinguish between a movement
along the function and a shift of the function. The movement along the function
is reflected in a (k — I). If « is constant over time because of a unitary elasticity
of substitution the success of moving along the function to raise labour produc-
tivity depends solely on rising capital to labour ratios. The shift of the function
occurs through r and' provides a second explanation for improving labour pro-
ductivity through time.- Which forces are paramount in raising labour productivity
cannot be indicated on g priori grounds and can only be judged by an examination
of industry data which the later analysis of this paper -will undertake.

Technical know-how and technical change, of course, cover a multitude of
forces which influence the level and rate of growth.of output and which are not
accounted for under labour and capital. For present purposes, improvements in
the quality of labour caused, as.examples, by tbetter on-the-job training and
education are not included under labour and show up under technical change.
More advanced technology embodied in new capital equipment also shows. its
influence under technical change rather than under .increases in the physical
volume of capital. ' . e o :

- A useful if not all-encompassing distinction has been drawn by Denison.”
He distinguishes between improvements in technological and managerial know-
ledge, or put another way, between more advanced technological methods and
better managerial and organisational know-how. For present purposes, it will
be useful to distinguish between technical change which is unrelated to changing
quantities of factors and technical change which depends on changes in the quanti-
ties of factors in individual industries., The first type of technical change
encompasses improved efficiency in the production process caused by managerial
improvements, by an up-grading of the quality of labour already engaged in
production and by improved quality of labour and capital caused. by. the
replacement of these factors. The second type of technical change covers the
important category of improvements caused by the addition of new labour and
capital to the total of factors already in use. In particular, new technical knowledge
embodied in capital equipment can be most easily achieved by industriesiwhich
are increasing the quantities of capital in use. Whether. increasing quantities
either ‘of labour or of capital or of both has a part in bringing about technical
change can only be determined by the examination of industry data and a

s
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number of hypotheses are tested stanstlcally in this regard for the 44 manufacturmg
industries.

Finally, no account has yet been taken of the possibilities of returns to scale.
By making the incomes, ‘shares of equation (2) equal to one, this kind of possibility
has been precluded. Both the scale factor and technical change can. be readily
1ncorporated into equatlons (1) and (2) as follows:8 -

‘

Y = (AEBx'*'BzTK“L(I—a))S (IAj

where T= ak + (1 — a) |
and o

%

y = Bys + sa (1 + Bo)k + Is (1 — a)(1 + By)l T (2A)

where B, is the level of technical change with T'= o, B, is the contribution
of a 1 per cent change i in T'to r, and s is the scale factor (1f s.= 1 there are constant
returns to scale etc.).

Improvements in 1abour productmty are then equal to:
(y—10= B]’s +'sa(t + B )k +1ls(r — a)(1 +By) — 1) (3A)

so that i 1mprove1nents in labour producnvxty depend on not alonc the importance
of capital in the production process and the rise in the capital to labour ratio
but also the importance of the scale factor and the way technical change is
introduced (as reflected in the values of B and B,).

This analysis, then earmarks the forces which go into improving labour
product1v1ty Statistical procedures must now be developed to measure the

impact of these forceslon the level of labour productivity in individual manu-
facturing industries.

The Data for 44 Manufacturing Industries

~ The immediate tasks are to present output, labour and capltal series and to
arrive at estimates for the shares of labour and capital in total income for the 44
industries.

With regard to the output, labour and capltal series, I must acknowledge a
great debt to Mr. Eamon Henry of the Central Statistics Office, Dublin. He
made available these § series for $0 manufacturlng industries and without them

the current work Wouﬂd have been impossible.?
The output series for thesé industries are measured in 1958 prices and unlike

the published CIP gross output series, beginning work in progress is subtracted
from the gross output: figures in -order to prowde an output series which we can
call ‘gross output less begmmng inventories.” Thls has great advantages for our

.-
' K

8. Thc idea for this technical change function comes from: B. Balassa and T. Bertrand [2].
9. These statistics compiled by Mr. Henry are unpublished and unofficial. "~ .
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Ppresent purposes, although as has been noted by many scliolars of Irish industrial
series; the ideal type of output series would be one of value added meastred
in constant prices.1® This “gross ‘output less beginning inventories” series covers
all costs of production (in the broadest sense) including:depreciation- of capital.

" The labour series is measured on a man-year basis.- Ideally, a-man-hour series
would have been preferable biit this was impossible'to derive for all the industries
in the groupings examined here. Not too much is lost, however, as-man-hour
labour series and man-year series ‘provide sithilar fesults in these kinds of pro-
duction studies,* and Kennedy has shown that in the Irish ‘context thefe is a
strong and significant relationship betweeh changes in' man-hours and man-years
for a cross-section of Irish manufacturing industries between 1953 and 1967.

As compiled by Mr. Eamon Henry, the capital stock data are for fixed assets
including land and have been compiled on what Henry calls an “equivalent new”
basis.2? In his presentation of the data, Henry provides an extended discussion
of the difficulties of measuring capital ‘and critically appraises Nevin's estimates
as well as provxdmg new estimates of the capltal stock in the ost-1945 _period
using Nevin's procedures.’® Nevertheless, his “equivalent new” series is by far
his most valuable contribution not alone because it is estimated on more firmly
based procedures and data than were used in Nevin’s work but also because these
estimates are broken down into six categories of fixed assets for each industry
and provide fixéd capltal stock information for each of §o industries. ¢
' With these equlvalent new series for -50 industries’ at hand a number of
procedures were followed: - ¢ 7 o B ‘

(4) The equivalent new series were. transformed into a written down replace-
inent cost series of the fixed capltal stock for each of the 44 industries examined
in the study. The major corrections used were to write down the asset to between
20 per cent and 25 per cent of its original value rather than the 80 per cent for
new assets used by Heriry.14 There were some gaps in information in the process
of undertaking this task. Some approximations in measurement were therefore
necessary but nevertheless the series that emerged scemed worthy of a hlgh degree
of confidence. ol S -

. e e Ty . " . ,

'(b) The resulting written down replacement series were viewed as estimates
of capital available to each industry. For the purpose at hand, of greater signifi-
cance is capital in use in each industry. The estimation of capital in use was the most
difficult procedute of all. The chosen one Was somewhat smnlar to that used by

’ e e Tt

10. Asanexample, sec Kennedy (6. - Lo -

11. See, as examples: E: F. Denison [s], E. F. Denison [4] «o0 e Wl

12. The method of compiling these data has been described in a numcographed paper written by
Mr. Henry.

13. The reference here is to: E. Nevin [10].

14. Henry's procedures for dealing w1th the’ deprec1at10n of assets are’ dcscnbed wcll in his
immeographed paper. . -
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iMassell 15 The.first step was-to find.a capitaljin use to labour ratio for 1953-in
:each series, Th1s was.done for each industry by multlplymg the capital available
by, the ratio of labour juse., for 1953 to, ;peak;labour, use (for'19s3 or.a prewous
year).16 The next. step.was fo compute for each industry the annual rate.of change
of, the ratio, of capltal-ln—use 10- abour over the pcnod 1953,to 1967. In. many
cases, the .yeat,of peakjlabourluse was ;1967 and.then it-was a simple. matter to
-comipute: the annual rate.of change,of the ratio. of capital-in-use to,labour and
.to, estimate caprtal—m—use in 1967:In.other cases, the year of peak labour use was
before 1967-and thenl the annual trend of capital-in-use to:labour was computed
between 1953 and ,that year. Wlth extrapolauve procedures the. resultmg trend
value\ was. used, to, ﬁnd sthe capltal-m—use to-labour, ratio- apphcable to 1967 and
as a;final stepfo, estrmate capltal—m—use in that year, .- s .

", Most certamly, this method of estimating capital-in-use is only a crude approxr-
mation of the reality but the choice of procedures serves to highlight the difficulties
involved. Nevertheless,-while it,is,necessary , to proceed with care in the use of
these data -examination., ‘of ‘the- bas1c data séems ,to, indicate; that, wrth a few
exceptlons, the estlmates of capital-i in-use;are close to the reahty .
,1,Once- estimates are found for. output, labour and. caprt:al—m—use in 195 3 and
1967, it,is a;simple matter.to estimate annual rates of, change of, these variables
and, these are included ini table 1A .,

“The other 1mmed1ate statistical, task Was to ﬁnd values for the shares of labour
‘and capital in the value, added. of the- 44 chosen industries, The basic material
to fulfil this task is to be found in the 92 sector mput—output table for Ireland
in 1964.17 From this table it is possible to estimate value added before deprec1at10n
and to-break; down;the, drstrlguuon ;of the value added into labour, income and
capital-income, (proﬁts plus; deprec1at10n) +The choice of value added including
deprec1atlon is.dictated by, the nature of the output series, which is computed
without a subtraction for deprematlon. ;Conceptua.lly, it would be preferable to
compute both. of; these’series net of depreciation but this is not p0551ble .

- A number,of dlﬁicultles arose. 1rr_go_r1_1pletmg this step' of the estimation pro-
cedure. First, the. 1ndustry breakdown.in the capital. output : ‘and labour series was
not exactly the same as that used in compiling the input-output table: On this
front, however, the difficulties were few and with minor exception were easily
overcome. Secondly, a-good .question - was whether. the factor; shares for 1964
wWere ja -good. reﬂectron of factor. ,shares ,through the whole perxod 1053-1067.
Unfortunately, the Ainput-output Ktables for 1956° and 1960 prov1ded little help
in! answering, thls{questlon because,of the, degree of aggregation involved: in
their construction. The only course of action left was to examine the data in the
annual Census of Industrial Production for the period, Results for the.years

1953, 1964 and 1967 were analysed and in many, cases it was ‘noted that the : average
A, e e lr,(l”""} wpartit s s vl gl erd s e e g fegren o,
15. SeeMassell[’;] | e,
16. See Massell {7]. | .
;xgy Industry classifications changed in 1953. and thus there were some drfﬁcultres in achrevmg this
task Some of the estlmates had to be approximations and subject t toaa degree of error e
l
|
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of the fatio’ of Wages and -salaties to" net’ output ini- 195 3and 1967awas différent
to the samieratio in 1964.- The assumptlon hads now to be made that- ‘percentage
changes in the wages andr salaries*to'nét output Tati6 ‘derived fromtCIP dati
rovided a fair réflectioni of the changes in‘labour’s sharé'iri value-added as coms
piled from input-output tables.1® On> this basis, an’ fallowance was' added to’or
subtractéd from the 1964 estimates derived from the i input-output table to brmg
theé 1964 ‘estimate more into‘line with the'average of -the estinates for 1953 and

[

196719 ti e, ':." e L ten v LG e f‘.r')l'-l’*’. 1,:1;'7' b Hor
“Theé 1964 welghts are'inclided ini table: TA.' Values for- -afk 1)’ are: mcluded

in“table A% These are based on 1964- values of «:*An ad_]ustment for changes in

thevalue: of ais ade and recomputed va]ues foria (S l) are also included.«

o Ry 4 : ey el o ! LD 3\ 'J “, 1.
N .

The Characteristics of the Industries under Revzew b Te et S e

" Before wé procéed 4o examine ‘the fndin statistical results of the paper a look
at the industries under review is in order. The 44 industries pickéd out for analysis
are similar in most cases to those published in the Cerisus of Industrial Production
as seen in the Irish Statistical Bulletin and 'the’Statistical Abstract of Ireland‘ There
are eleven food industries with floar mill and' ammal feeding ‘stiiffs handled ‘as
separate industries and ,with fish dealt with as 3f" individaal mdustry The five
drink and tobacco industries, the four textiles, the' eight leather shoe'and clothing
mdustnes nine’ wood, furnlture minerals, chenucal mdustrles and ‘the sevén
meétal paper‘and publishing industriés all fit the’ categorles of 1ndustr1es pubhshed
annui ly in the Census of Industrial Production! " 7 7 .’ { Ty o

‘An overall reweW of the performance’ of these 44 1ndustr1es prov1des some
infteresting insights:—~ coeu SIS AR

.,A.'" PRI 7 ”{. 25 e yy

(4) The unweighted mean rate of growth of output for these industries between
1953 and 1967 was 498 per cent. ‘ With a standard deviation of 3915 this provided
fora variety of experiences regarding the rate of growth of output. Such industries
as men’s ¢lothing, flour mills and tobacco experienced decreases in output while
annual rates of growth of over 10 per cent were enJoyed by the electrical machin-
ery, fertiliser and chemical industries. -

128 .

() As could be expected capltal grew ‘at a faster rate than labour The 4 per
cent dlﬁ'erence ‘between these unwelghted mean grovyvth rates' Was substantlal
but hid a'great diversity of éxperience among these mdustrles Only mlscellaneous

clothing and. made-up textiles had labour growmg 'fastér than capltal and 'the

yo2hS sl

rate of growth of capital’ extceedéd that of labour b “o‘pe Ceht oF h10re in soft
drlnks woocl brooms and ‘brushés; fettiliser and non—electrlcal machmery“ o

AR N L 1 Z RS F IS IR £ S Ry

118, This assumptron is unfortunately necessary CIP iet output ﬁgures mclude smorethan factor

incornes but the annual breakdown of the publisheddata permits no further I sorting out of the
components of the net output series. s for individual industries. ., \

“19.The resultmg estimates for-a and for (I—a) fof individual mdhstrrcs are a;eraoes of the va]ucs

of thesé factor shares OVeér the period. s+ " - 7o il A TIAbAT Ly e SRV

.
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+ .(¢) Looking-at the, individual components of the capital to labour ratio it is
to be noted that the rate of. growth of labour. showed greater, variation across
these industries than' the rate of growth of capital: In:fact eleven industrics had
negative fratés: of, growth of labouy; ‘while fish and. electrical machmery had an
annual rate of growth of! labour of | 8 per cent or-more. Ca e e

; i ¢ 11-'[--. et gy ~ ,‘.. :

(d) The unweighted meah. rate of growth of labour productivity, was 3-05 per
cent and this rate of growth also showed great diversity across industries. The
unweighted: miean fate’ of growth of capital productivity was negative over the
period 1nd1catmg a,decline in the'average and marginal productivities-of capital:
As reflected in the coefficient of .variation, it is also clear that besides a.lower rate
of growth of capital productivity as contrasted with the rate of growth of labour
productivity, the rate of change.of capital productivity was also subject to a

greatér diversity. of experience across, these 1ndustr1es than ‘was the _change in
-~ labour product1v1ty C e L o o ‘

\(e) 1nally, a, the elast1c1ty of output with respect to-a 1 per cent change in
capital, had an unwelghted mean of -317. The equivalent statistic for (1 — a),
the. clasticity of output with tespect to a 1 per cent change in labour, was 683
and by the nature of the limits (0 to 1) in which each could operate the coefficient
of variation for o was greater than for (1 — a). Great diversity in production
-tcchnlques is reﬂected¢ in the standard deviation and coefficient of variation for
- a and (1 ‘— a), ranging from ‘612 for a in brewing to 044 for a in motor and
other vehicles. This has great significance for the kind of conclusions that ¢ can be
drawh from cross section analysis of these industries and we w1ll have reason to
returh to this questloﬁ shortly.

The Analys:s of Imprmizements in Labour Productw:ty . S
The ba51s of our point of departure for thls analysxs is equation (3):—.

. - » Sl #®

.
P

N _,i '_v . (Y—l)_—a(k”‘l)—f—r ; rh;-“‘

For each of the 44 mdustrles values of y, I, k and a are included in tables 1A
and '2A ‘and table 3A'includes measures of annual 1mprovements in labour pro-
: ,ductlvn:y for each industry, the part of it that'can be explained by a'risé in-thé
.capltal to labour ratio and the residual part that can’be explained by technical
change. Neither in equatio (3) nor in tables 1A,'2A, 3A is the influence of scale
factors given explicit’ recognition (ds in equatxon 3A) and as a result its effects
are imiplicit in both a (k = I) and 7. Finally, table 3A shows the pércentage of
the improvement in'labour productivity which can be accounted for by technical
charige and a sumimary of these results for the 44 industries is included in table 2.
These results are smkmg in many respects. Most important of all is the finding
that across these 44 mdustrres the unweighted mean ‘of the percentage of labour

"
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productivity improvement accounted for by technical change was 52 per cent
but the diversity of individual industry experience is reflected in a coefhicient of
variation of 135-2 per cent. If we assume, arbitrarily by necessity, that 30 per
cent is a dividing line between significant and, insignificant contributions-of
technical change to the improvement of labour productivity, then we find that

- £ : = . - L T
TABLE 1: Summary Statistics for the 44 Industries
i Unweighted Standard - Coefficient of ..
Means Deviation Variation
k 5°94 44, ' 75 S
l 191 28 L ar 1466
k—1 4°02 T8 oL 696
y 4'98 39 ' 78°5
y—1 ’ 308 . 22 T o71eL
a 317 _ 134 . 422
1—a) 683 X ‘134 © 196
a*(k— 1) T 149 rr - 750
t 1°56 22" 01352
y—k —g6 32 . 3281

Sources: Tables 1A and 2A. . : -
*Adjusted as described on page 30. ) )

29 of the 44 industries (or approximately 66 per cent) gain significant help from
technical change in improving labour productivity. Leaving out the food indus-
tries which appear to have problems of their own, we discover that the same
conclusion can be drawn for 25 out of 33 industries (or 75 per cent).

Travelling the further step of asking the frequency with which technical change
is more important than the growth of factors in raising labour productivity,
the answer is 24 out of the 44 cases (55 per cent approx.). Leaving out the food
industries again, the answer is 21 out of the 33 cases (63 per cent).

Looking at the nine industrial groupings included in table 2, a dramatic result
is the apparent lack of technical change in the food, drink and tobacco industries.
Eight of the eleven food industries, tobacco and’ brewing received negative
contributions from technical change to the improvement of labour productivity.
Explanations for the behaviour of 7 in these 10 as well-as in men’s clothing and
other vehicles will be sought later in the analysis. Important also is the perform-~
ance of the clothing group where vigorous technical change was in operation.

In its statistics for the 44 industries, table 2 seeins to say that there was a great
diversity of experience with technical change. When the results for the 12 indus-
tries with negative residuals are left aside, the pattern becomes somewhat more
uniform. In that case, 29 out of 32 industries have r’s contributing over 30 per
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cent to (y =) and-26 out of 32 finding téchnical’ change quantltatlvely more
important than a‘rising capital to labéut ratio-i: jimproving 1. labour productivity.

T6 reinforce the findings of this séction; we:will makeuse of rank cotrelation
analys1s. Rank correlatlon ‘coefficients were sought. between ) (y—l) afid (k- I)
(2) (y=1) and r and (3)'(y==k) and (y—1)t Data for'the" 44 1ndustrxes were used to

derive these coefficients. ) The” results were as’ follow RN "" Jhexe
C e, S ! TN foo ou Ju(b RS N ,;’:u) oo ‘}' D AR bl;,’-:’«"

-Dependent Independent “? Kendall’ SRR B S R AL TN Jii
“Wariable - Variable - { “Tau' e 'Remarks L LR it
(p=ly o ik ——1) 1119 ¢ ‘ot significantly differént from'o at the
S e e SPCrcentlcvd' O e

' Tt ("‘4-.-. te »"'l‘ iooantudd o 1. AU LT e :if.
}’(y:’l) R (B 636 w 51gn1ﬁcantly deerexlt from‘*o At thie
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The first two of these, results underhne the unimportance of rising capital to labour

ratios and the- vital significance -of technical change in improving labour pro-

ductivity in these industries. The third result adds fuel to the fire of suspicion that

technical change hasa lot to do with determlnmg the behaviour of the'productivity

of both labour and’ capltal ' b
' - G g , o oM
V - o ’ B l: ’\j'

Industries with Negatwe Reszduals o b Lot
As indicated above, a cluster of twelve industries experienced negative residuali,
What kinds of possible explanations can be provided for these resultsz» - -~ -~

It is important at the beginning to pull out the cases where the negative residuals
are associated with decreases in labour productivity. These{cases were bacon,
vegetable canning, men’s clothing, and other vehicles, and in these cases the
negative residuals are strong enough to decrease labour productivity. In three
cases the factor input-(T) is growing as is total output. The exception is men’s
clothmg In all of these four cases, however, rising capital to labour ratios make
positive contnbutlons to raising laboux productivity. The remaining eight cases
have 1mprov1ng labour: producnvxty and 'thus the Vnegatlve residuals are. less,
dominant in mﬂuencmg the sign attached to (y ). e Cmrtas o

With regard to these negative ‘residuals, a number of p0551b1e explanauons Were
explored—- 1 ': P “;‘:\”lfx“"i‘. JURPEI EERDUPI

A [T R B TP R

(a )'Fazlur-es to Measure Approprtately Capttal—tn—Use

As was described earlier, an' effort.was made to adjust the figures of available
capital so that appropriate measures would -be found fot' capital-in<use;- This ‘was-
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done by.secking out for each industry the rate of change in the ratio of capital-in-
use to labour. This was casily achieved when labour-in-use 'was subject to some
fluctuations over the period although even here the possibility of error was
always present, but it wasa much more difficult procedure when an uninterrupted
trend in labour use existed as reflected in peak labour use falling in either 1953 or
1967. In these cases, there was a possibility that the chosen statistical procedure
would fail to pick up 1 the emergence of excess capacity in ‘individual industries.2

The year ofgcak labour use in each of the industries was as follows:—margarine,
etc. 1953; flour mlllmg 1953; sugar and sugar confect. 1963; other food 1964;
bread 1953 ; bacon 1967; vegetable canmng 1965; milk and milk products. 1967;
brewing 1965; tobacco 1967; men’s clothing 1953; other vehicles 1967.

.Those with peak year use of labour occurring in 1953 and 1967 were then
picked out and (y— ) k and y were compared for the periods 1953-1967 and
1964-1967. The results are included in table 3.

+ TABLE 3: Rate of Change of Capital Productivity, Output and Capital
| e

| .

: 1953~ I964- I953— I964- 1953 1964~

1967 1967 1967 1967 1967 1967
' k- k

y—k y—k: y Y
-Margarine etc. - - | . ——3~o . 2+ -8 43 3-8 kR
Flour, Milling. oo —3:0 —10 —IT.;, 20 }.,19 30
Bread f —42 —26 —2  I'3 - 40 39
Bacon-. —4°0 —76 18 16 58 92
Milk and Milk Products —37 —13.8 55 2 92 160
Tobacco —49 —64 —7 8 42 72
Men’s Clothing | —2:9 < —24 —9 17 20 41
Othet Vehicles | _—677  —166 25 26 9-2 © 1942,

i Sources: Unpubhshed data provxded by Mr. Eamon Henry of the Central Statistics
Oﬂice, Dublin. v _

i

1

" On the basis of these results, it was decided to sort out bacon ‘milk and milk
products, tobacco, men’s clothing and other vehicles and to use an‘annual rate of
growith of capltal—m-use which was more an approximation to the rate of growth
of capltal—ln-use over the period 1953-1964. The contributions by rising capltal
to labour ratios and by technical change to the improvement of labour productlvxty
are then recomputed and the results are included in table 4. :

It is seen that the adjustment of k makes little difference to the results except-in
the case of milk and milk products where the percentage contribution of r to the

. 20. This possibility of coutse existed for all mdusmes and on the basis of thc results, there was a
susplcmn that it might apply to the fertiliser industry. : :
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TABLE 4: Re-ectimated Cap;tal Growth Figures and the Change in Labour Productivity

. (Recomputed). .

vk a*(k — 1) r
Bacon T 49 .S —1-0
Milk and Milk Products <73 3 4
Tobacco - R 17 SIS ‘r9-. -16
Men’s Clothing S 71 -2 . —5
Other Vehicles _ 6s ‘I ~£2+0

Source: As for table 3. . . R

improvement of labour- productlvxty switched over from being negatlve to
making a positive contribution of 23-5. -
. S B
b) Failure to Make an Appropriate Choice of the Form of the Produttion Function

A serious possibility of error:was in the choice of the form of the production
function. In the chosen form, a key assumption has been that the elasticity of
substitution between the factors is equal to one and that technical change has
been neutral ir its impact. We thus have avoided any kind of measure of a, the
clasticity of substitution. Could this have seriously distorted the reported ‘results?

Unfortunately, because, of the natute of the available data, we are unable to
meéasure the magnitude of the elasticity of substitution aléng ‘the lines suggested
by Minhas and othiers. What we can do, however, in the case of these industries
with negative residuals is to ask what value of .a could w1pe out the negatlve
residuals in these industries. oo

The procedure to. meet this ObJCCtIVC is a refined version of dii équation
suggested by R. R: Nelson?! as appropriate to the measurement of technical change
in industries where the elasticity of substitution (o) can take on a variety of values:

.

B y_ak —pl— %aﬁ( )(k 1)'1'__ | W

In our casé we assume that B = (I—a) so that the equatlon reduces to:

Q¢ t
i ' .

R e %a@—“)( Z-')"e")?-{i e

i - 'y .. . .
- ' . AL s ' - MY IS SR

For each of these twelve industries we can conduct the eXercise of - assummg that
r = 0, and as values ‘are available for all the-other 'variables, we can’ find thc

[

reqmred value of o. These results are 1nc1uded in Table 5. -

e e RSN R NG e
21, R.R.Nebson [9]. -+ ° . , S T A U T -
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\ v E A Rt} (1. ' TABLE §° 3 no ' P70 T T
I S erndiie="% 0 L A . ‘ R . 5 >Requl"red ., T P
\ “ ety R ¢
- ©a — k % . -
e . Marganne etc. o 66 CUBTEN
Flour mills . 88 bl b HA Lo HIpS
S Sugar-and sugar confect. - 117 BRI (1
Q- ~ Other:food v 86 e d ) S b
Cl Bread - “ 73 BLEE PP I
s v "-Ba:con T =7 44 - - Fa
. Vegetable Canning 54 o
Milk and Milk Products 135 . AT b e
Brewing Ce53
i sutmeren oo odTobaccos teobpis ivivan '601,)’! oty
’ Men’s Clothing T 1.39 Lol e '\g,',r:
Other Vehicles ‘19 '
e """..:-. RO T NV T B oA SRS
KIS Rt

“Noté': 1664 values of o Have been used iri'thése’ computanons SRS

R T e o R R T St A T S N A RS T
cel \(,r),;»r“h: . ot ) ; "

. An’ examination of the reqmred ,values of cr, in assoc1atlon th:h the change in
income shares.as rcﬂected in Table 2A suggests that diminishing:returns may; have
some importance in the following cases: bread, bacon, vegetable canning, < other
food, brewing and toba{cco The decling in the techmcal coefficient continues t6 be
important for, margarme,,ﬂour milling, sugar and sugar confectionery, milk.and
milk products ‘men’s ?'clothmg, and’ other vehlcles. _For, the’ former. group,
dlmmlshmg returns prov1des us with explanatory power. only in the absence of
technical change, and technical change of a size;equivalent to that aclneved in
other industries would have permitted, more. substantlalrlmprovements in the
average, productlvmes of labour-and capital. ,,. .: '

T B AN S o)

i

(c) Failure to Account for Changes in the Sex and Age Composition of Labour-in-Use
~+Another distinct possibility'is that the composition’ of the labour force was
shifting in favour otP female labour ‘and the under-18 age group. When this is so,
we assume that the lower weekly eariings for thiese two groups in contrast to. that
for men over 18 years of age is a reflection of the lower productivity levels of
these units of labour. Industries with: negative residuals which were tending to
use increasing proportions of fémale and undei” 18§ years old labour would tend
to attribute too much of the drag on their labour productivity improvement to
‘a decline in their technical coefficient and too little to difficulties with, the labour
force! Wihether. this jpossibility has. any. explanatory value ‘for  these twelve
1ndustnes must now be exammed empmcally ot AT T R AR
A procedure by which to do this is to examine the changes in the composmon
of labour and to adjust the rate of growth of labour figures for. changes in
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composition. This is done by creating equivalences for various kinds of labour by
using relative weekly earnings as weights for computing these:growthirates. « +!
«.*An examination of Table 6 suggests that, in the light of. this p0551b1e explanatlon

[ AL Loy L NI M RTINS NI CAY
TABLE 6: Changes in the Age and  Sex Conposition of the Labour Force.in the Negatwe
Myt p *. v = Residual Groupinig of Industriesyt. - - . i b bt

Females  Under18 " Females Under I8
Year Labour  Labour  Year  Labour  Labour
e e L S ﬂ)ne-. w force.« TR S-K.f_-OIC{.‘_ VR ﬂ)ne
Margarine etc. T 1952 332~ 347 -1967 393 © 59
Flour* vy 1933, 91 " 39 1966 II°§ 4'5
Sugar and sugar confect. 1953 49'7 168, 1967 49°3 82
Other food* . 1953 526 .. I§°1 1966 438, . .88
Bread . 1953 289 129 1966 33T II'6 |
Bacon ' 1954 30°4 I 1966 27°5 62"
Vegetable Canning 1953 675 143 1966 589 70"
Milk and Milk Products 1953 12°1 C.eg 1966 ne13egil 2.9 fv
Brewing : : 1954 108 - 43 1966 155 - 34t
Tobacco .. 1954 54'8 73 1967 505 s
Men’s Clothing 1953 781 288 1966 . 763 24'9
Other Vehicles 1953 123 148 r966 10°6 43
; ' Co Ratio of FemaleRatzos Ratzo of 1 Under I8,

¥ o, yeat the beginning, and | Ratios at the begmmng
. _er_zd of the . penod .and end of. the period .

Margarine etc. 118 173

Flour* . .. 130 . ) 11§

Sugar and sugar confect.” ' - " L 99 oo yg '
Other Food*, ... Db L 83 e v S8 s
Bread . L P S AR g‘ . o t“'IIS Y Ca oty 89 o
Bacon : e o 590 G At 1220 i
Vegetable Canmng' _ i 87 L, 49 -t
Milk and Mxlk Products _ o 11 S . . g3z '
Brebwmg B .y S ' 143 PR i\ ) ,,V'-79> . .
TO acco | . ., " . e . 90 o2 Foea I Vu L .
Men’s Clothing* *  * '~ B SREALEY S ey 86

Other Vehicles* oot Soonu "‘86 v _;,,«’ ' s

o : ’ TV I R T b1 [
Notes *Flour here covers gralnmllhng and animal feeding stuffs other food includes ,
L ﬁsh but fish is a small part. of ;the; total The nature - of the pubhshed data,
forccd an acceptance of these categorles (eoi h h.-h S
S e
Source‘Irtsh Tradé joumal and Stattstzcal Bulletm (Irlsh St'atxstlcal ‘Bulletin for later’
i s (PN e, Taie?t R PR 4 DA L T L
'issues)—vatious issues. " ! A
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of the negative residuals, we should pick-out margarine etc., flovr. milling, bread,
bacon, milk and milk. products and. brewing for further examination.

The procedures indicated above have been used to recompute the rate of growth
of labour and the results are included in Table 7. In each of these six cases the
negative residual ‘now falls in magnitude and in the cases of milk and milk
products and flour milling, 7 now makes a posmve conmbutlon to the rate of
1mprove"ment of labour productmry

v

i

.TABLE 7: Re—estiméztion of r for the Six Industries with Negative Residuals

R N R N

Margarine etc. —8 38 46 23 - —6 16
Bread : —8 40 48 16 —10 6
Bacon } i , 18 58 40 -8 -8 0

" Milk and Milk Products 19 92 73 27 ) 16
Flour Milling " —37 19 56 22 5 27
Brewing 4 ! 4 60 56 34 —31 3

}
+Note: The-method of computation of is described above. Sources are indicated
on page 39. The remainder of the basic figures.are taken from tables 1A and 2A. When
the re-estimated values of k are taken from table 4, and substituted in for the values of
k in this tablc, the sign of r in. bacon and milk and milk products is not changed.

(d) Possible Errors in the Cémputation and Use of a and the Output Series

Two possible sources of error arise in this regard. First, the adjusted values of
o may be subject to a margin of error. In so far as this adjustment was erroneously
positive, the contribution of technical change to the improvement of labour
productivity would be undcrestlmated An _examination of the adjustments as
contained in‘Table 2A suggests that this possibility takes on importance in causing
negative residuals in only two cases. These are sugar and sugar confectionery, etc.
and milk and milk products. The removal of the adjustment causes these industries
to have small but not mgmﬁcantly large positive residuals. Secondly, the output
series used may tend to underestimate the rate of growth of value added measured
in constant prices. The way to catch this kind of bias is to examine the change in
the ratio of net to gross output over the pemod This prov1des no certain procedure
with which to determine whether the bias in' quéstion does in fact exist. But given
the nature of available data it may give us some help. In all twelve industries with
negative residuals, the ratio of net to gross output.increases over the period and
this opens'the possibility that anyone of the negative residuals might disappear
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in the face of new output series based on the value added conccpt measurcd in
constant prices.#® . SR e ey

. 2

What then can be concluded about the causes of the decline in the technical
coefficient? A number of findings can now be reported: (a) If we bring together
the adjustments to the capital stock and make allowance for the changes in the
age and sex composition of the labour force in computing the rate of growth of
labour, we find that two industries out of the twelve now have a positive rather
than negative residual. These are milk and milk products and flour milling. (See
Table 7.) (b) When we examitie the remaining industries, we find a cluster of four
where performance has been caused by the decline in the level of technical know-
how and another grouping of six where the explanation lies ‘with. either -the
decline in technical know-how or the strength of diminishing returns. Even if the
required o values could be achieved after adjustments have been made for k and /,
it 1s clear that technical change is making little contribution in thesc cases to the
improvement of labour productivity. .

¢) It is possible that decreasing returns to scale could be in Gperation. in all of
these industries ‘except for miscellaneous clotmng It is unfortun:ite that scale
factors could not be smgled out for separate examination.”

(d) The character of the output series may be responmble for thé negatlve
residuals. A series based on value added at constant prices’ mlght tend to turn
negative into positive residuals although it'seems likely that most of these twelve
industries would still have ‘only small contrlbutlons by techmcal change to the
improvement of labour productivity.

Probably the most notable feature of this cluster of twelve iridustries is that the
labour input declines over the period for six of the twelve industries and (k—1) is
above the unwelghted mean average for the 44 industrics in 75 per cent of these
cases. Brewing’s labour also has an annual rate of growth of only o-5 per cent. Thus
a high degree of capital deepening was in procéss in these seven.cases with apparent
efforts to cut out unnecessary labour. Despite the possible role of dimmishing
returns, we can speculate with good reason that the process of capital deepening
involved major readjustments in production lines and at least a temporary loss of
cffectiveness had come to bear on both labour and capital. The capital deepening
process involved therefore, not a movement along a productlon isoquant with
given technology, but a shift from an isoquant in one field ‘to andther isoquant
in a field involving more sophisticated technology. For these more advanced
methods to reflect themselves in strong positive residuals required a probation
period which had not been completed by 1967: The declining average productivity
of capital in the face of subst:antlal capital decpenmg can-be cxplamed then either

w3t

22. An examination of the statistics would suggest that even if we were to double y, margarine
etc., bread, brewmg and tobacco would still have negative residuals. Flour milling, sugar and sugar
confectlonery, etc.,” men’s clothing and other vehicles would make a small,to average, contri-
bution by tcchmcal change to the improvement of labour productivity. Only other food, and milk

and milk products would possibly have a significant contribution by technical changc to thei im-
provement of labour productivity. - T '
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by.mistakes in company dec151ons and/or by government pohc1es which subsidised
heavﬂy the process of caplta] deepening and/or by expectations-that major.gains
in ‘both:labour and capital productlwty could- be- achleved after asprobationary
perlod of \leamning by doing™..r 1 e wme om0 rae Do

.+ While other explanatlons fot these résults may’be p0351ble and..a nurmiber .of
these have been examined in the. process of rescarching this paper; the conclusions
Just.drawnftwhxle,nece‘ssanly ‘speculitive seem plausible and-worthy.of furthet
examination. The ddvance of the science in rov1d1ng tools to handle production
function analyses is limiting in that residuals’ are found and the judgment of the
research becomes vital in explalmng the results: This has happened as is inevitable
instudies of this kind.yse ule e vy U

1

.:“*' l ." ', 4 1] :
Tt . - . . N . - N .
ol e LAYy L e ! )T T S t.. P LGP N

A"-v- } . I
Industnes with' Pos:twe Res:duals ""’ AT e s

Leavmg ‘aside’thé twelve industries wich negative resxduals wearé iow led to
-ask whether any causal explanatlons can be'found for the level of techmcal change
achleved in the remammg 32 ‘industries, The temptation’ was stiong to seek, by
meansof réjression analysxs for parametnc relationships | between r and, k and/or
l and/or T, Let.us pursue this avenue 'of attack for 3 a moment. ,

In hls work. on labour product1v1ty improvements' in ' Irish manufactunng
mdustnes Kennedy had recourse t0 the so-¢alled Verdoorn Law equation relating
changes in labour productlwty to the Jate of growth of utput, We fan the same
analyiis oni'thé output and labour series used i in thls essay and came'u'p w1th 51m11ar
results’ o those of Kennedy

E2 N S

- § PP & . .
SN Ty PR
; TR EE . l DI VI AL PRI
—l)= 1-08 = A
3T launD ;_:.g}"f(i (yﬂ' )1 p ‘h-d-.?’g'-*y "o '...,!7 Z.» UAEETEN S f( )
. £ Sy G o) by gie V\(\‘( )( 2’),.,. et o oadel Ty e .
W e (all resultsmgmﬁcant at- “the 1 per cent level) R S

As Kenheldy ("i)o'inted"outi and added further ev1denc4ej ‘to ‘make his case, )hls
suggested strongly that'improving: labour productxvxty was ‘caused: by technical
change which occurred with the rate, of growth of output.”

At the next stage a similat equatxon was set up with (y—k) as the dependent

‘{l;

variable and,y as the mdependent vanable "The; results were as follows:.

«

. t ) Iy wed t - i .y SR : o
PG ANED Sth S (Y NS H a8 ph AR ..‘ % ’(,' £l T Porer o ,,N Ll
amty b n Ly (Y (Lle) i —2.'31—}—2,72.)11. RN ./vx,3.44 '* R CUE R R 'h(B)
sois b romer o vnika g, (41)(131) e s e o e

(r,is;significant at.the 2 jper. cent level; thé:regression. coeﬁlcxent at the 5 per, cent
level, and the i mtercept at the 1 per cent leve])

RIS "‘IJ"»» (22 I TS L] l i of. b H

[

Thesé equatlons seemed to indicate systematlc parametrxc relatlonshlps aéross the
44—1ndustry Clusterlng, although equatlon (B)- provided statistically weaker
testltS thin didy equatlon (A). The major,coniclusion, however, ;was that the Fate
of growth of utput had somcthing to do with xnﬂuencmg the pace of, change of

!
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the productivity’ of both labourand capital! The rolé: of technxcal change had
thus come to the fore.

Workmg with ,the 32 industries that had expenenced posmve res1duals,
fegression 'analyms was applied to these 32 industries usifig 7 a¥“the’ dependent
variable and using 'k, [ and T in turn as the independent variable. Mulnple
regression analysis was also tried as well as non-linear forms of the equation. No
significant parametric results were derived but there seemed good reason for this
to be the case. s

It is a relatively uncomplicated matter to relate labour productivity improve-
ments to' technical change, but as indicated earlier, technical ‘change is measured
as a residual in the statistical procedures and its value tends to reflect the influence
of all the factors not,already accounted:for in the analysis. The probability seems
low then of discovering.a statlstlcally significant causal link between r and (say) k
for these.32 industries, Each indtstry. doesor does not go about the- process. of
improving | labour productlwty, and if it does, has a multitude of methods with
which to achieve.it..In,addition, the production. processes “of| these 1ndustr1es as
reflected in the:value of a are dlfferent and the degree to which increasing returns
to scale can be achieved depends again on the production processes of the individual
industry. - Another procedure .was: therefore sought which inyolved breaking
down the sample of 32 industries into clusterings of, 1ndustr1es where a selected
group ‘seemed_to have some common vehicle for achieving, techmcal change

The;chosen method was. to rank the 44 industries accordmg to the magnitude
of r and then to rank them again accordlng to the magnitude of 7. 23 The rankings
were then compared for each industry. The ‘predominant clustering was one in
which the rankings were apart by 10 or less. A second clustering was of those
industries where the T rankmg exceeded the r ranking by miore than 10 and this
was classified as the “R biased’] group. The third clustering was of those industries
where the r rankmg exceeded the T ranking;by more than 10 and this grouping
was called the “T blased group 2 Industries were then divided into the followmg
groupings: : « i, - ¢ 1 . N TR 2T DV TR SOOI &
B R T I R R S DR T T BV R RSV ; o
R—T Group Positive Residuals, R Biased,Group Positive = T, msed Group Posi=

Resxdual ] tive Reszdual

i,

Ammal feeding stuffs, soft drmks, Clay, prmtmg, dxstlllmg, Fish, slaughter, fertili-
made-up texnles cotton, _jute, malting, )shlrts, ‘women’s ser metals. .
woollen; 't tanmng, ‘wood; furhiture, ' clotlnng, boots and shoes, * T ¢TI L s
brooms, chemicals, paints, non- leather, hosiery, soap, mis-
electrical machinery, electrical cellaneous clothmg )
machmei'y pottery,. motorvehscles, N S B '_;:i.vr LT
Paper L L O A A L I | ',. Sy l'f’t."{((” j, T I N TT ’1"" . ,‘ ,
Towe oyl mnanet e Live o s st et e ‘J"":‘ﬁ) R ERHE R i
23, The procedure was repeated forrand kand then forrand L, i, .
24. The procedures wh1ch were repeated for.rand k and ) T and I produced R-K; Rbiasd and K
biased '¢: categones, .and the same prmcxple was[ followed in class1fymg the fesults of the 7 and
analysis. The Tesults of ¢ldssification were ety sitnilat tinder all three' methods? it 3.0 o Linur
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R—-—T&Groit}; Negakive. ‘Residuals ~ * R Biased Negatwe Res:duals T Biased Negative

4 - - yResiduals ,,;:
. . , .

Flour. nnlhng, ,sugar and sugar ~ None, !, o Brewmg, mllk and
‘confect.; bread tobacco, men’s . T milk” products, véget-
clothmg J - . PRI T able canhing, bacor,
L n Soov e , e other  fodd, . other
Tt b e vehiclés, 1 * margarine

o . ete. . N e

- ‘ v}.'_-,‘.! r .- P U L
(Szmzlar«groups were denved from the rankmg ofr and k and r cmd l),. PR

" . 1n'.‘ W ) PR - St vt oy

The T blased group ‘has Been largely hand]éd in the catlier discussion of industries
with hegative résiduals. The fish, slaughtering' and-fertilisér industries are ‘also
included, however, and these'are industries’ which' experienced positive 1 resxduals
~ but which ‘also had ‘substantial-increases in the volume of their factors.-* * -
~~ Most attention’ will be focussed on the 'R~ T. group. "The-particular quahty of
this ‘grouping is ‘that” thére  seems 't be"asystematic relationship ‘between: ‘the
-magmtude of R'and, T" suggesting that the process of growth of outpit séems to
be assciatéd with the embodiment of téchnical change in new and replacement
capital and also ithprovement i the quality of the labour force. Linear regression .
analysis was therefgre tsed to seek out'the nature of the parametric relationship
between 7 and k ahd the data for the 1% industries with positive fésiduals' were
submltted to thls statlstlcal procedure ‘The followmg equation was found: » =

H < - <o "L’ e
S et ,r-v——z6+44k ir=e68. 0w, (Q)
Lo o 0(7) (II) B DR S
(all the results-were stanstncally significant -at the 1 per ‘cent level except for the

U ot o mtercept) i
’14' PR - T M . : ’!A

These results mdlcate the plausxblhty of assertmg a relationship between the
magmtude of r and the growth of the factors as reflected in k. The same conclusion

followéd When a 51m11ar equatlon was set up between 7 and T
¥ Poa 4

i . 7= 09+-61T =83 T ( 3))
T g g

(all the results were statxstlcally significant at’ ‘the't per cent level except for the

~intercept). . 0,0t

"‘( fk

.
P Py

!
Adding in I and using T as the dependent vanable seems o, 1mprove the. fit of the
equation and thus T is the most appropriate variable to observe-as it includes
improvements in the quahry of the labour force and scale factors in explaining
the causes of technical change With éither k or T as the depéndent variable; the
limited'size of the.intercept and.its stafistical insignificance -indicates that’ the
achievement of technicalichange is linked directly to the growth of kor kand 1.,
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A warning must be entered about the use of: these statistical results. They are
applicable only to the industries in the grouping anid to’the range of values of k
(and T) included for these industries. Used beyond that framework results derived
from them must be viewed as unacceptable e e G e, L

Let us turn to the industries in the R biased group: Thls small groupmg cnjoyed
the benefits of technical change to a-larger degree than the R—=T grouping and
thus either had the benefit of a larger intercept and/or 2 thher regression co-
efficient. Let us thus perform the experiments of assuming a regression coefficient
of 61 and recompute the intercept fo fp each 1ndustry and.then assume the intercept
is given and re-estimate the value of the rcgresswn .coefficient. The results are as

follows: T L N A s S ISR
» A : .
D S I N L N RN T
P +.,. Regression coeff. ;1. Intercept (regresswn s
o e =) e ).
B R T T ST ¢ s P A R .,:.3.‘1:.»::'1 "-“"
Clay and ccmcnt o P T 428 Cnt 30,
Printing ' o ' P 765 T e
, B oy e P LR TS ) ¢ ‘ P 0 1 4 '
Distilling = ’ ' 10000 . PR b
Maliing” © o A A S
hlftS o0 L N L Do J”I’666 St ok ‘2.0 AL B
. . v, A
Wornensdothmg L - ’ v1ga4 Y S O 8 b i
Boots and shoes 1+ - s BEA S A (PR E 13 o
Leather SR Mreg28 e st 2, e
Hosiery . L, ¢ overr29 L s e e oy
Soap : T 7 I LS o ST SRR
Miscellancous clothmg L ey R e e 2T L

. ot .
' ! e el b4 "

*T values were negatlve and thus growth of, factors had not}ung to do W1th thev
magmtude of r. .

Jl“ [ S ) R S U TR T = Y'-"r_
B Rt T e R RN R N T
These resu]ts pullouta number of probable changes in the process of production.
It seems clear that in the case of malting, boots and shoes, miscellaneous clothing
where T is negative and in the case of distilling where a regression coefficient of
10°0 seems impossible the large magnitude of the residual can be attributed largely
to technical changc-——management improvements, reorganisation of production,
etc.—which is unrelated to jthe level: of productlon. One suspects. alIs)o that. this
same kind of technical, change’is in operation in the other cases, too, with the
possible ‘exceptiont of hos1ery ‘where the growth of factors may have’ ‘lggen
responsible for a greater degree of' techmcal change than ;was in evxden'cie*m the
case of the R—T group.

gt x"’" 1
WL f ot f 'rk TR RTINS 1 ot }) gt oy ,'i[.n;.ﬂg it

Impltcatwns of the Analysls for the Role of Capital

Analyses of this kind seem to downgrade the role 6f.capital in improving labour
productivity over time. The works of Solow JDemson and Massell provided ‘this

RSP Sonoann, Y
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iriplication at thie aggregate level and this'analysis also séems to' do_the same for
this cross-section study of industries'through time .~ .\ -

"Have we ‘paid too-inuich attention ‘tys)' capital in the analysis of the process of
industrialisation: The appropriate answer seems to be that some of our notions
about the'imipact of capital'are overstated but, nevettheléss, many of these notions
stilll stand and ‘othe’r'avenues ‘of analysis come to-the fore because of studies of
thiskind, -~ - st e L o
: Whattwe have sithply shown is that'improved labour productivity is linked:
inote to technical change than to higher capital to labour ratios. We are not saying,
however, that differingcapital to labour ratios across industries at a moment of
time may not help to explain different levels of labour productivity in these
individual industries; In the case of 40 manufacturing industries in 1967, for
example; Kendall's Tau between the average productivity of labour and the
capital ‘to labour ratio was statistically significant at a value of *s2 (see Table 4A
for basic data).2® Nor are we saying that capital is unimportant for the growth of
output in individual industries. For these 44 industries the unweighted mean of
capital’s contribution to the growth of output was 40 per cent. Finally, we are not
suggesting that the behaviour of the average and marginal productivities of
capital (and correspondingly the average and marginal capital to output ratios)
is unimportant. This, study suggests that in the period 1953-1967, the average
productivity of capital appears to have fallen in 28 of the 44 industries and the
policymaker has to take account of this in planning decisions.

The new role for capital, of course, is as an agent for transmitting technical
change into the production process. This enables capital to play a greater inditect
role'in improving labour productivity even though the direct role ends up being
smaller than has often been thought. Other means of bringing about technical
charigerare also cleatly’in evidence and the major insight from this kind of
analysis is not to ignore the role of capital but to give more weight to under-
standing how organisational and managerial improvements and human invest-

ment influence the process of production.. - .. "t .
veiA - 1 RSN N P T
Gon'du}iohs A e R PR I R I

"ARirther workis cléatly in“order 6n the quéstion of what determines labour
productivity ini'l')'r'_c’);\‘r‘;tilnép\fs.‘_’ The" analysis “of ‘the “catises” of technical change
p’rodugg':d‘ satisfying FC?I}]tS. but 1nd1¢a‘_t_ed_ the neéd for further research. In this
respect, th"é“c'f)nifii_:tioﬁh emérged from ' thiis stidy that the’ divergence between the
éxperiences of individual!'industriés fegarding technical change suggests an
emphasis’ on *individtal industry” stidiés rather ‘than' cross-section analyses of
industries. 1 ST

In general, the findings are consistent also with the Verdoorn equation. The

‘ ".".}1‘{.' ot o \".

- 257 See-also A. Ki Cairncross [3]'51:.,1’:1_—1;4 arid other references there. * ..
o126 It isialso.of interest that Kendall's Tau between: a and the capital to labour ratio was statistic-
ally significant at the 1 per cent level at a value of -604. :

s
i

1
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improvement of labour productmty as output grows is now understood in terms
of induced technical change and also of increasing returns to scale for.the majority
of these industries with posmve residuals. We noted, of coutse; that there also
appeared to have been some important "ekceptioris Where technical cliange was
unrelated to the rate of change of output and also some where techinical change
was highly limited in its effects. Nevertheless, both this and the Kennedy essay
lean to.a degree on cross-section analyses and further insight can probably come
from detailed examinations of time series for individual industries..

Needless to say, the distorting effects of some of the inevitable ap roximations
in statistical procedures may have been missed and technical kno IP dge—which
this writer dljd not have—of the operations of individual industries could have
enriched further the interpretation of the results. But confidence can be put in the
pattern of change and the causes of them that have been identified and analysed
in this ‘essay. It is hoped that the essay will spur on further research in this area
and encourage the re-evaluation of- pohcy preconceptions regarding the process
of mdustrlallsatlon

e 3 ot

Bryn Mawr College . o '

TasLE 1A: Basic Industry Data: Output, Capital and Labour Growth Rates and Values.

Industry - : +y k 1 in 1964
Margarine etc. e . T ey IR & 7
Slaughtering of livestock : L I08 L WIDT ., 77 -0 328
Flour mills - - o . —IT L, 19 5226, " 1369
Animal feeding stuffs 55 59 . . 20 " 206
Sugar and sugar confectionery 1-0 48 —7 -237
Fish _ 157 14°8 11 241
Bread o . o =2, 40 —7 275
Bacon ' I . 8 48" 23 166 !
Vegetable canning -2 65 27 142
Milk and milk products L AR 2 S ) 3-8 194
Other food: Tt K 67 Irs 5 758 241
Brewing T T o7 60" " -$ 612
Soft drinks ’ ' 51 64 ‘I 523
Distilling ' 12 I'4 —10 . 469
Tobacco v —7 42 —I0 v 491 -
Malting ' ’ 27 ‘1 =36 h 354 '
Made-up textiles ' ’ 73 7 3s 327
Cotton, linen etc. ' ' 77 72 22 342
Jute - - ’ 61 5 23 *276
Woollen ; , 48 41 18 245
Tanning 2:2 53 —3 . 355

Shirts . 49 6 © 'pT -7 20§ oo
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TABLE IA((contmued) T Ao e G i a o Plo o svong

n»gu: " ey g, hy Industry Vo

i L T 3 T = . Z .. ’
b T4 DEYs oy kS L in 19647,

LATEJGINS 13 I N LN .lu'”bi ',! PR T OTINL e oo T
Women s clot }ung d H ! L 70 2. 237 1
A vere e sl s "!‘a" worte taly F ALY ey SRS AP R e IR A Lt |
Boots and shocs | P 10 +36 =T 242
th d j “-‘uf; Ab LAV AN e . L; ’ i o fl Jq.'."’ N
Leathier p_r‘o”uct§ ' . T, CBsT o 3027 242
HOSlerY FrGATES (AR ‘i; P : : [ 1 )N lt 6'9 / lh A ;7'-4 ‘, v_l' SR I 6 o '.) “'241
Men s C]Othln R FLGER AR S | N AV 'T\I". % -'__'.9 S8 AN i-oﬂ)l"i s 6 > ?. -172 .
Miscellaneous clothmg : 'L-( GO T eyt T o gemt o s 01 g
Wood- <rbne e Aai o o3 L by raegd wre g anT g1 Lnegys
Furnithre:» o oo A0 80 ey 000 T e fipasy i "*47 ot e2eh Ui 204
Brushes-and brooms i ern 4 Uy L Usg e b 76 .*1‘6“31:3 15294 -,
Fertiliser- ker- PR TR TR I SO Y FORRN T ¥ S PP 2‘00 1 ‘!J w4 (')_N °557: ..
Chemicals " i., . }.‘,‘_.,“,1 WY e ewscee e, I3B0, p 9T L Sy ., 1STO
1S)amts, Pﬂs,,etc s 7117 BT AT 2'?;.0 WRRTES TP I 49,8, .
oap ’ 3 37 -3 Lyn343 .
2 . 44
Pottery ‘l 65 62 aed 558
Clay and Cement 86 55 33 *316 y
Non-electrical machinery 84 I1°2 132370 +368
Electrical machinery 14°5 11§ 80 318
Meta1§ o o i 8-6 82 36 274
Motor vehiclés®u® b i wede 10T T () agy R 31 If 044
Other vehicles .. . [ e L= 208 Q2 A4 ~=*044 -
Paper . v . v 75 - 62 19 *363
Priﬁting Cee e e o R g8 37 - ... .10 . . 247 .

Sources: Ireland, Central Statistics Office, Input-output Tables for:1964.: Unpublxshed
and unofficial capital, labour and output series compiled by Mr. Eamon Henry, Central
Statistics Ofﬁce, Dublm vz . S i

. (- PRI .'"?"'.' ¢,': .
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TABLE 2A: The Conrrzbutwn of Rising Capital to Labour Ratios to Improving Labour

Productivity .
Bt “ut e Ll T
, Industry ;1\ ey ok —1) Adjustment ' afle 1) -
‘7 : Lo ) PR
Margarine etc. ;. Py ', 23 ‘I S 124, e
Slaughter o o 13 ‘I Thp o,
.Flour mills* .. ‘ . ... 16 ‘1 17 .04
Animal feeding . stuffe* . . -8 2 IO, -4
Sugar and sugar confect. . 13 6 SR 5’-9 Ry
Fish* . A oo : 9 AR TTIS o N
Bread . Coe - o 13 2 s
Bacon- . e 9y ‘6 °I ol e
Vegetable canmng o . °5 -8 3. 4
< - pEEY]
Milk and milk products : o I'I ) : 2°0 411,07
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TABLE 27 (continued)- Coewa KRN SR b
. CIndustiy T 7 R gk —1)7 ¢ 'Acbustment - alk—) -

Other food .- > g I4 9 L2131, M
Brewing . » j 32 1 i 393 el
Soft drinks - - | 34 - —3 Sl Luni
Distilling - - - T2 = T oo TIERA
Tobacco . = s 25 . 200030 Va2 3o
Malting g ‘ o 14 -3 : Ty
Made-up textiles o > -3 ‘I —2:
Cotton, linen etc. - . 1°6 1 0-0 6 #
Jute. P ap L '3 - SRR USRS &
Woollen : e 8 - t3eeny o LI S
Tanning ‘ , =z 20 2 22,00
Shirts : . ‘9, —2 T
Women’s clothmg L v, T4-r —1 SRS
Boots and shoes o 11 s B TEne
Leather products . - —-8, —5 — L34t
Hosiery . - IS+ 2 I7
Men’s clothing . . ; 3¢ =T e, 2,4
Miscellaneous clothing X —9: 2y e
Wood o 30 4 34 .
Furniture* (., . - I3 0-0 SRS I
Brushes and brooms* - 1°7¢ 00 BT
Fertiliser 1 - 81 - —27 '5-4 o
Chemicals - : . 2I. - 5 oatowidaa 26 W
Paints, oils etc.- . : 6 . it SV ST B T
Soap : , I2; =T ergage TL
Pottery - w7 2°0 —2 I8
Clay and cement : o 7 - -5 [ T2
Non-electrical machinery - . 30y —6 il e 24
Electrical machinery -+ o 2 .. ‘1 I3, 4
Metals ¢ . ‘e 120 . I PED Sk Y
Maotor vehicles - Ter — I e, 1000, -
Other vehicles- e 2 00 2
Paper Fe G, e 16 ; 2 - I8,
Printing = * 7 0-0 ¥t M7l

* Sources: Input-output Table for 1964 and (1) Statistical Abstract of Ireland, (2) Trish Trade
]ournal and Statistical Bulletm (or Irish ‘Statistical Bulletin in later years)—vanous issues.

ETENTIS T FeE: ettty &

o *Animal fccdmg stuffs and flour mills were v1ewed as one category, in the pubhshed
data, and so the sign of this adjustment may not be in order for both of these industries.
Fish was included in other food and furniture and brooms and brushes were:also y viewed
as one industry. in the published data;, Thus in each of these industries. themgn of the
adjustment and its pcrcentage magmtude may.be only a crude apptoxunatlon for
each of these mdustnes . . CTy

- s = : - = . - -

S e N et oot beeash »mb b3 S SIS


http://may.be

Y50 ot raT UECONOMIC AND SOCIAL REVIEW v

TABLE 3A: ( ) Capxtal Productivity Improvements, (2) Increase in Labour Productivity and

s s = e Assignment of Responsibility for Them - - -
‘j_; Indust_ry, Oy S Ty—=1 aXk—=D Ty %1
Margarine etc. | —30 12 24 —12 - —-1000
Slaughtering —0 31 I'4 17 * 54-81
Flour mills —30 15 17 —2 —13%3"
Animal feeding stuffs —4 35 10 25 714
Sugar and sugar confect —3-8 17 1°9 —2  e—II'7
Fish - 9 46 16 30 - 652
Bread e —42 5 s ~10:. -—2000
Bacon o —40 —-5 7 —12%  —I400
Vegetable canning ¢ —40 ) 13 —1 —750°0
Milk and mitk products —37 17 20 —3 —17'6
Other food i —4'8 . 9 2°3 —14 ~155°5
Brewing - —53 2 33 —3X —155°0
Soft drinks —13 50 31 19 380
Distilling —2 202 I'1 G 50'0
Tobacco . —49° - 3 23 —2:0 —666°6
Malting SR —63 63 17 46 730
Made-up textiles 56 3-8 —2 40 10521
Cotton, linen etc. °5 s 1°6 39 709
Jute . : 4 3-8 16 2°2 57°9
Woollen : 7 30 I'1 19 633
Tanmng e —3I 25 22 ‘3 120
Shirts*. F — 3-8 -7 31 81+7
Women’s clothing > —IT 47 13 35 7404
Boots and shoes g 38 6 32 84-2
Leather products 38 -8 —13 2'1 262°5
Hosie’ry C —e5 53 17 36 679
Men’s clothing S —2g —3 2 —+5 . .—1666
Miscellaneous clothmg 77X 2:0 —g 29 —1350
Wood ‘1 —2eT 41 34 ey C171
Furniture ' —2-2 23 13 10 43°5
Brooins and brushes - - —22° 38 17 21 )
Fertiliser - —8-8 58 54 -4 69
Chemicals . 36 79 26 53 671
Paints, oils etc. C — g -8 *5 -3 378
» Soap e o - S SR ha S £ SRR 24 68-5
Pottery* " ARV P SR 3 C39... - I8 2L - 53-8
.Clay and cement, P 43 53 ) (5T 962
‘ Non-clectrical machmcry —2:8 51 _2%4 27 529
Electrical’ machmery N ‘30 65 C13 52 800
"Metals , - T 4 7 50 13 oy " 340
Motor vehicles T 0 7 ) 2:0 T 2:0 100°0
Other vehlclcs oo gy C =19 Ty QDTS A § {2
.Paper Te Ty yi o "1.5 56 - A . R 3-8 _‘ 6718
Printing I'x 3-8 g g < 8146

Source: Basic data derived from tables 1A and 2A.
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TABLE 4A: Output per unit of Labour and Capital per Unit of Labour for 40 Manufacturing

 Industries in 1967

: '
Tt L i

4..‘ Z Lot .

. ,Industry o .t Y/L . ‘ , K/L,j . Ao g L(
Brewing 702,335 S 3,520 00 o612
Margarine etc. 2,485 1,864 -1 ‘555 L
Soft drinks 1,198 1317 ‘23 -
Fertiliser 2,312 15,552 o ssT
Chemicals 2,728 1,785 “Ts10t Iy
Pottery 1,032 1,130 558 T
Distilling 1,583 W 2,412 . 469 .
Tobacco . 436 . . 1,595 5, 40T v
Wood 887 +1,082 475 . 1
Paints etc. - 1,675 1,884 . 498
Slaughter - 1,666 996 328 - "
Flour mills 1,178 - 2400 369 -
Malting 1,112 1,387 . U354, L
Clay and cement 2,355 ° 3,123 1316, o
Cotton etc. 707 BT $ BT Vo S !
Tanning LIIo . 1,404 385 s
Paper osT 982 . 363 1
Soap 1,047 737 *343
Non-electrical machinery 900 1,001 368
Electrical machinery 1,362 903 318
Animal feeding stuff 1,322 1,676 *206
Sugar etc. 1,300 709 237
Fish 532 1,654 241
Other food 1,183 1,568 241
Shirts 520 2,110 +205
Women’s clothing 758 284 237
Bread 1,497 2,506 275
Woollen 1,140 1,143 245
Boots and shoes 816 400 242
Leather goods 327 657 242
Hosiery 996 1,123 *241
Printing 1,129 1,071 247
Metals 098 1,131 274
Bacon 995 1,248 ‘166
Vegetable canning 713 1,180 142
Men’s clothing 559 327 172
Miscellaneous clothing 429 186 ‘173
Milk etc. . 084 1,903 194
Motor vehicles 1,026 1,119 044
Other vehicles 646 1,004 044

 Source of Y figures: These are net output figures for 1967 and are taken from:—

Ireland, Central Statistics Office, Statistical Abstract of Ireland 1968.
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