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T H E recent economic l i te ra ture has g i v e n a g o o d deal o f a t t en t ion t o the 
analysis o f p r o d u c t i o n and technical change. D u r i n g the second h a l f o f the 
1950's, S o l o w publ i shed his pa th -b reak ing art icle o n the causes o f l abou r p r o 
d u c t i v i t y i m p r o v e m e n t s i n the p r iva t e n o n - f a r m sector o f the A m e r i c a n e c o n o m y . 1 

Soon thereafter Massell was c o m p l e t i n g a s imi lar analysis o f A m e r i c a n m a n u 
fac tu r ing industr ies . 2 T h e i n t r o d u c t i o n o f a n e w p r o d u c t i o n func t ion—the 
C E S — t h e n f o l l o w e d and opened the d o o r to a n e w genera t ion o f studies o f 
p r o d u c t i o n and technical change. 3 

D u r i n g the 1960's the I r i sh economic l i te ra ture had i nc luded con t r i bu t ions 
w h i c h f i l l e d i n some o f the p recondi t ions fo r s imi la r analysis o f I r i sh p r o d u c t i o n 
activit ies and Kennedy ' s excellent essay represented the f i rs t ma jo r effort t o 
understand the causes and effects o f i m p r o v e m e n t s i n l abour p r o d u c t i v i t y i n 
I r i sh manufac tu r ing industr ies . 4 K e n n e d y proceeded w i t h v e r y aggregated 
capital s tock estimates b u t lacked t h e m for i n d i v i d u a l I r i sh industries, and sug
gested that such analysis w o u l d be great ly enhanced b y the use o f m o r e dis
aggregated capital stock estimates. 5 O n the basis o f his comprehensive analysis, he 
conc luded tha t i m p r o v e m e n t s i n l abour p r o d u c t i v i t y c o u l d be m o r e read i ly 
expla ined b y technical change than b y increasing capi ta l to l abou r ratios. 

T h i s paper picks u p w h e r e Kennedy ' s analysis leaves o f f and uses capi tal , l abour 
and o u t p u t series t o examine the causes o f l abour p r o d u c t i v i t y i m p r o v e m e n t s 
i n 44 I r i sh manufac tu r ing industries ove r the p e r i o d 1953-1967. I n its basic 
m e t h o d o l o g i c a l approach this paper is cu t f r o m the So low/Masse l l c l o t h w h i c h 
seems t o p r o v i d e a satisfactory opera t ional base f r o m w h i c h t o proceed, and 

* I want to thank K . Kennedy and G . Hughes for comments on an earlier draft o f this paper. 
I , of course, take full responsibility for the final product. 
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a l t h o u g h there w o u l d be great value i n e x p e r i m e n t i n g w i t h o ther approaches t o 
i n t e rp r e t i ng the behav iour o f l abour p r o d u c t i v i t y , the basic data at hand are n o t 
appropr ia te t o the task,,^ | . | • , ( r f

 :-. - • v , - ' • -\.n ) 
M a n y , o f the ^estimates ^included i n this paper are 'crude because o f the nature 

o f : available 'data, buti 'efforts 'are made t o ' m a k e p r o c e d u r e s i o f es t imat ion 'c lear 'a t 
each step so tha t a hea l thy scepticism can be ma in ta ined at a l l t imes. W i t h f e w 
exceptions, I a m satisfied tha t the p ic tu re tha t emerges is a g o o d a p p r o x i m a t i o n 
o f the realities o f the I r i s h m a n u f a c t u r i n g experience be tween 1953 and 1967. 

I n the n e x t section, the analyt ica l f r a m e w o r k is constructed. A presentat ion 
o f the data f o l l o w s and a | discussion is under taken o f the m e t h o d s ' o f c o m p i l a t i o n 
o f the o u t p u t , l abou r and capi ta l series. Causes o f l abour p r o d u c t i v i t y i m p r o v e 
ments i n each o f the 44 industries are then sought and the results are p u t together 
t o f i n d ove ra l l patterns o f change. A n u m b e r o f sections then seek o u t causes 
f o r the patterns o f technical change i n g roup ings o f industries. T h e impl ica t ions 
o f the f ind ings fo r t h c ' r o l e o f capital i n the p rocess 'o f indust r ia l i sa t ion are then 
discussed and the conclus ion puts the f ind ings i n t o perspective and suggests an 
agenda fo r fu tu re r e s e a r c h . - , • ; - , ' - i M < . . . . 

Capital, i Technical Change'and the Production Function • • 
T h e ' s tar t ing p o i n t fo r - the analysis is a C o b b - D o u g l a s f o r m o f the p r o d u c t i o n 

f u n c t i o n : ' ' ' f " < \ 
! Y = Ae^K-L^, ' (1) 

w h e r e Y is the l eve l o f o u t p u t , A is the technical coefficient at a m o m e n t o f t i m e , 
en is an i n d e x ' o f technical change w h e r e (represents t i m e and r is a parameter 
t o be est imated fo r each indus t ry , K is the q u a n t i t y o f capital ; L the quan t i t y o f 
l abour , a* ( i — a ) the elasticity o f o u t p u t w i t h respect t o a 1 per cent change i n 
capi ta l ( l abour ) . a ' ( i — a) can also be in te rpre ted as the share o f i n c o m e g o i n g 
t o capi ta l - ( labour) . •' . 

-In this f o r m o f the p r o d u c t i o n f u n c t i o n , constant returns to scale are assumed 
and the 'elast ici ty o f subs t i tu t ion be tween l abour and capital is assumed t o be 
one. T h i s last assumption has the i m p l i c a t i o n tha t factor shares i n i n c o m e r e m a i n 
unchanged ove r t i m e . A l s o i n this form o f the f u n c t i o n , technical change is 
s i m p l y a" f u n c t i o n o f tim|e and is assumed t o be neu t r a l . 6 

Dif fe re r i t i a t ioh o f the f u n c t i o n - w i t h respect to t i m e and d i v i d i n g t h r o u g h b y 
Y gives us the equa t ion : ' . ( .< m. • < . > -

,\ •>•.. •- • • • '. 
y = r + ak + (1 — a ) J (2) 

w h e r e y, k and I are the annual rates o f g r o w t h o f o u t p u t , capital and l abour 
respectively, r is the c o n t r i b u t i o n o f technical change to the annual rate o f g r o w t h 
o f o u t p u t . 

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



T o get the annual rate o f g r o w t h o f o u t p u t per m a n , subtract ' / f r o m each side 
and t h e n : \ -
. . . v ••' <' : i r - 1 ,• ,• • , j <(' u„. • ' w . > . ' • • .v '1 , f . 

W . «,"!•.' •• • • ( y . - r ! ) = « ( f e - A + ' - - . (3)«. 
, r " ' *. •«• '.(.' .. > • ' r ' •?!.-»•> i ' 

T h e annual rate o f i m p r o v e m e n t o f . l abou r p r o d u c t i v i t y depends ; o n the rate 
o f increase o f the capi ta l t o l abou r r a t io , the i m p o r t a n c e o f capi ta l i n the p r o d u c 
t i o n process as ind ica ted b y a, and the fate o f technical change as reflected i n r. 

As S o l o w w o u l d p u t i t , i t is necessary t o d is t inguish be tween a m o v e m e n t 
a long the f u n c t i o n and a shift o f the f u n c t i o n . T h e m o v e m e n t a long the f u n c t i o n 
is reflected i n a (k — I). I f a is constant ove r t i m e because o f a u n i t a r y elastici ty 
o f subs t i tu t ion the success o f m o v i n g a long the f u n c t i o n t o raise l abour p r o d u c 
t i v i t y depends solely o n r i s ing capi ta l t o l abour rat ios. T h e shift o f the f u n c t i o n 
occurs t h r o u g h r and provides a second explana t ion fo r i m p r o v i n g l abour p r o 
d u c t i v i t y t h r o u g h t i m e . W h i c h forces are p a r a m o u n t i n rais ing l abour p r o d u c t i v i t y 
cannot be ind ica ted o n a priori g rounds and can o n l y be j u d g e d b y ah e x a m i n a t i o n 
o f i ndus t ry data w h i c h the later analysis o f this paper w i l l under take. 

Technica l k n o w - h o w and technical change, o f course, cover a m u l t i t u d e o f 
forces w h i c h influence the leve l and rate o f g r o w t h , o f o u t p u t and w h i c h are n o t 
accounted fo r under l abou r and capi tal . For present purposes, i m p r o v e m e n t s i n 
the q u a l i t y o f l abou r caused, as examples, b y jbetter on - the - job t r a i n i n g and 
educat ion are n o t i nc luded under l abour and s h o w u p under technical change. 
M o r e advanced t e chno logy e m b o d i e d i n n e w capital e q u i p m e n t also shows, its 
influence under technical change ra ther than under increases i n the physical 
v o l u m e o f capi ta l . < 

A useful i f n o t all-encompassing d i s t i nc t ion has been d r a w n b y D e n i s o n . 7 

H e distinguishes be tween i m p r o v e m e n t s i n t echnolog ica l and manager ia l k n o w - , 
ledge, o r p u t another w a y , be tween m o r e advanced technologica l methods and 
better manager ia l and organisat ional k n o w - h o w . F o r present purposes, i t w i l l 
be useful to d is t inguish be tween technical change w h i c h is unrela ted to chang ing 
quantit ies o f factors and technical change w h i c h depends o n changes i n the q u a n t i 
ties o f factors i n i n d i v i d u a l industries. , T h e first t y p e o f technical change 
encompasses i m p r o v e d efficiency i n the p r o d u c t i o n process caused b y manager ia l 
i m p r o v e m e n t s , b y an u p - g r a d i n g o f the. qua l i t y o f l abour already engaged i n 
p r o d u c t i o n and b y i m p r o v e d q u a l i t y o f l abou r and capital caused', b y the 
replacement o f these factors. T h e second t y p e o f technical change covers the 
i m p o r t a n t ca tegory o f i m p r o v e m e n t s caused b y the a d d i t i o n o f n e w l abour and 
capital to the t o t a l o f factors already i n use. I n par t icular , n e w technical k n o w l e d g e 
e m b o d i e d i n capital e q u i p m e n t can be ,mos t easily achieved b y indus t r i es !which 
are increasing the quantit ies o f capi ta l i n use. W h e t h e r • increasing quantit ies 
ei ther o f l abour o r o f cap i t a l ,o r o f b o t h has a pa r t i n b r i n g i n g about technical 
change can o n l y be de te rmined b y the examina t ion o f i ndus t ry data and a 

7. E . F . Denison [5] ch. 20. ' •':i<v . • ^, ... . . 



n u m b e r o f hypotheses are tested statistically i n this regard fo r the 44 manufac tu r ing 
industries. : 

F i n a l l y , n o account lias y e t been taken o f the possibilities o f returns t o scale. 
B y m a k i n g the incomes;shares o f equa t ion (2) equal t o one, this k i n d o f poss ib i l i ty 
has been prec luded . B o t h the scale factor and technical change can be readi ly 
incorpora ted i n t o equations (1) and (2) as f o l l o w s : 8 • 

: Y = ( ^ £ B 1 + B 2 T i C a i ( l - 3 ) ) s ( l A j 

w h e r e T — ak + (1 — a) / 
and 

y = Bjs + sa (1 + Bz)k + Is (1 - a ) ( i + B2)l (2A) 

w h e r e B x is the leve l o f technical change w i t h T = 0, B2 is the c o n t r i b u t i o n 
o f a 1 per cent change i n T t o r, and s is the scale factor ( i f 5. = 1 there are constant 
returns t o scale etc.) . ] 

I m p r o v e m e n t s i n l abour p r o d u c t i v i t y are then equal t o : 

(y - I) = B{s +sa(l + B2)k + I(5( l - a ) ( i + B 2 ) - l ) ( 3 A ) 

so that i m p r o v e m e n t s i n l abour p r o d u c t i v i t y depend o n n o t alone the impor tance 
o f capital i n the p r o d u c t i o n process and the rise i n the capital t o l abour ra t io 
b u t also the impor t ance o f the scale factor and the w a y technical change is 
i n t r o d u c e d (as reflected i n the values o f Bt and B2). 

Thi s analysis, then [earmarks the forces w h i c h go i n t o i m p r o v i n g labour 
p r o d u c t i v i t y . Statistical procedures mus t n o w be developed t o measure the 
i m p a c t o f these forces | o n the leve l o f l abour p r o d u c t i v i t y i n i n d i v i d u a l m a n u 
fac tu r ing industries. 

The Data for 44 Manufacturing Industries 
T h e i m m e d i a t e tasks are t o present o u t p u t , l abour and capital series and to 

ar r ive at estimates f o r the shares o f l abour and capital i n to ta l i n c o m e fo r the 44 
industries. 

W i t h regard to the o u t p u t , l abour and capital series, I mus t acknowledge a 
great debt t o M r . E a m o n H e n r y o f the Cen t r a l Statistics Office, D u b l i n . H e 
made available these series f o r 50 manufac tu r ing industries and w i t h o u t t h e m 
the cur ren t w o r k w o u l d have been imposs ib le . 9 

T h e o u t p u t series'for these industries are measured i n 1958 prices and u n l i k e 
the publ i shed C I P gross o u t p u t series, b e g i n n i n g w o r k i n progress is subtracted 
f r o m ' the gross ou tpu t ' f i gu res i n order t o p r o v i d e an o u t p u t series w h i c h w e can 
call "gross o u t p u t less^beginning inventories. '- ' T h i s h a s great advantages fo r ou r 

8. T h e idea for this technical change function conies from: B . Balassa and T . Bertrand [2]. 
9. These statistics compiled by M r . Henry are unpublished and unofficial. . 



present purposes, a l t h o u g h as has been n o t e d b y m a n y scholars o f I r i sh indus t r i a l 
series, the ideal t y p e o f o u t p u t series w o u l d be one o f value added measured 
i n constant p r ices . 1 0 T h i s "g ross ' ou tpu t less b e g i n n i n g inven to r i e s " series covers 
a l l costs o f p r o d u c t i o n ( i n the broadest sense) i n c l u d i n g d e p r e e i a t i o h - o f capi ta l . 

' T h e l abour series is measured o n a man-year basis. I dea l l y , ' a -man-hour series 
w o u l d have been preferable b u t this was impossible t o der ive f o r a l l the industries 
i n the g roup ings e x a m i n e d here. N o t t o o m u c h is lost , h o w e v e r , as m a n - h o u r 
l abour series and man-year series p r o v i d e s imi la r results i n these k inds o f p r o 
d u c t i o n studies, 1 1 and K e n n e d y has s h o w n tha t i n the "Ir ish co n t ex t theire is a 
s t rong and signif icant relat ionship be tween changes i n man-hours and man-years 
fo r a cross-section o f I r i sh manufac tu r ing industries be tween 1953 arid 1967. 

A s c o m p i l e d b y M r . E a m o n H e n r y , the capi ta l s tock data a re ' fo r f i x e d assets 
i n c l u d i n g l a n d and have been cori ipi le 'd o n w h a t H e n r y calls an "equ iva len t n e w " 
basis. 1 2 I n his presentat ion o f the data, H e n r y "provides an extended discussion 
o f the difficulties o f nieasur ing capital and c r i t i ca l ly appraises N e v i n ' s estimates 
as w e l l as p r o v i d i n g n e w estimates o f the capital stock i n the pb'st-1945 p e r i o d 
us ing N e v i n ' s p rocedures . 1 3 Nevertheless, his "equ iva len t n e w ' series is b y far 
his mos t valuable c o n t r i b u t i o n n o t alone because i t is est imated o n m o r e f i r m l y 
based procedures and data than w e r e used i n N e v i n ' s w o r k b u t also because these 
estimates are b r o k e n d o w n i n t o six categories o f fixed assets f o r each i ndus t ry 
and p r o v i d e fixe'd capi ta l s tock i n f o r m a t i o n f o r each o f 50 industries. 0 

1 W i t h these equiva lent n e w series f o r '50 industries ' at hand , a n u m b e r o f 
procedures w e r e f o l l o w e d : * ' ' ' 1 ' • . '> • ' • ' 

(a) T h e equivalent n e w series w e r e t ransformed i n t o a w r i t t e n d o w n replace
m e n t cost series o f the fixed capi ta l s tock fo r each o f the 44 industries examined 
i n the s tudy . T h e ma jo r correct ions used w e r e to* w r i t e d o w n the asset to be tween 
20 per cent and 25 per cent o f its o r i g i n a l va lue rather than the 80 per cent f o r 
n e w assets used b y H e n r y . 1 4 The re w e r e some gaps i n i n f o r m a t i o n i n the process 
o f u n d e r t a k i n g this task. Some app rox ima t ions i n ' measurement w e r e therefore 
necessary b u t nevertheless the series tha t emerged seemed w o r t h y o f a h i g h degree 
o f confidence. - J . *> ' ' 

(b) T h e resu l t ing w r i t t e n d o w n replacement series w e r e v i e w e d as estimates 
o f capital available t o each indus t ry . F o r the purpose at hand , o f greater s i g n i f i 
cance is capi ta l i n use i n each indus t ry . T h e es t imat ion o f capital i n use was the mos t 
d i f f icu l t p rocedure o f a l l . T h e chosen one was somewha t s imi lar t o tha t used b y 

• > !*" 3 ' » / . . ! ' : : i . . ' •. •>», t • . 

10. As an example, see Kennedy [6]. " ;' • • ' 
11. See, as examples': E: F. Denison [5], E F. Denisoa [4]'. ' **• .' *'.••• \ : * * 
12. The method o f compiling these data has been described in a mimeographed paper written by 

M r . Henry. 
13. The reference here is to: E . Nevin [10]. 
14. Henry's procedures for dealing wi th the depreciation o f assets are described well in his 

immeographed paper. 
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; ITb©}fir5t.step ,was : to find.a cap i t a l j in use to> labour ra t io fo r 1953-in 
•each series..This w ^ s d o n e fo r each i n d u s t r y 1 b y m u l t i p l y i n g the .capital available 
b y , the r a t io ' o f l abour ,use for. 1953 , t o ;peak, labour , use (fpr. (<i953 o r a prev ious 
year). 1?, T h e n e x t s tep t was ( tq c o m p u t e f o r each indus t ry t h e a n n u a l r a te .o f change 
,of, the . r a t io , o f capital-infuse t o l abour ove r theyperiod, 1933, t o 1967. I n m a n y 
tcase$,;the.ytett, o f peakdabour i t l se ,was 11967and ; t hen i t -was a s imple .mat te r to 
-cpnlpute . the annual r a t e , o f c h a n g e , o f the ra t io o f capital-in-use t o , l a b o u r and 
„to. eStim^te;capital7in-j«se;jp. 10^7,, h i . o ther cases, the year o f peak" l abour use was 
;befo;re,i967 and , t hen the,.annual t r end , o f capital- in 7 use t o {labour was c o m p u t e d 
.between 1953 and, tha t year. , W i t h : e x t r a p p l a t i v e procedures, the resul t ing t r e n d 
value;was used , tp find .the,capital-in--use ; to4abqur , ra t io-appl icable t o 1967 and 
as^ajfinal 'step'to^estim^t$^capital-in-use in-.that;year._ - ; , !" . ( . 

, M o s t ce r ta in ly ; this1 m e t h o d o f es t imat ing capital-in-use is o n l y a crude a p p r o x i 
m a t i o n o f the rea l i ty b u t the choice o f procedures serves to h i g h l i g h t the difficulties 
i n v o l v e d . Neverthelessy-while i t js^necessary ,tp . p roceed .w i th cafe i n the use o f 
these data, . e x a m i n a t i o r i ^ o f the-; basic .data seems.to, indicate, that 7 w i t h a f e w 
exceptions, ; the estimates ' o f capital-in-use;are close to the rea l i ty . . 
/ i j O n c e estimates a r e ; f o u n d for o u t p u t , l abour and capital-in-use i n 1953 .and 
1967, i t ; is a] s imple m a t t e r ' t o estimate annual rates of , change of,these variables 
and-these-are i n c l u d e d i n t a b l e , i A . ; . , • , , • ,•>•>'. >. / 

T h e o ther i m m e d i a t e statistical Itask.was to find values fo r the shares, o f - l abour 
' a n d capital i n the va lue , a d d e d ^ o f d i e - 4 4 chosen industries. T h e basic mater ia l 
t o f u l f i l this task is t o be f o u n d i n the 92 sector i n p u t r o u t p u t table fo r , I re land 
i n 1964 . 1 7 F r o m this table i t is possible to estimate value added before deprecia t ion 
a n d ; t O : b r e a k : j d o w n i t h e j d i s t r i b u t i o n ; o f t h e va lue added i n t o . l a b o u r , i n c o m e and 
[capital i n c o m e .(profits p l iu ;deprec ia t ion) . ,The^cho ice o f value added i n c l u d i n g 
deprecia t ion j s ( d ic ta ted by, j the nature o f the o u t p u t .series, w h i c h is c o m p u t e d 
w i t h o u t a, subt rac t ion ^for deprec ia t ion , ,Conceptua l ly , i t w o u l d be preferable t o 
c o m p u t e b p t h - o f ithese,series net o f .depreciation b u t this is riot possible, 

- , A n u m b e r , o f difficulties; arose ' i n c o m p l e t i n g this step . o f the es t imat ion p r o 
cedure, F i rs t , ' the , indus t ry b r e a k d o w n i n the cap i ta l .ou tput and labour series was 
n o t exact ly the same as tha t used i n c o m p i l i n g the i n p u t - o u t p u t table; O n this 
f r o n t , h o w e v e r , the difficulties w e r e f e w and w i t h m i n o r except ion w e r e easily 
.overcome. Secondly, a goqd j-question-,was - { w h e t h e r r t h e f a c t o r shares fo r 1964 
.Wiere ia -gopdref lec t ion l o f factor,shares f t h r o u g h . m e ; w h o l e p e r i o d 1953-1967. 
- U n f o r t t o a t e l y ' ^ f o r 1956' and i 9 6 0 p r o v i d e d l i t t l e he lp 
i n ; answering, thiskquest ioh, because,of, the .degree o f aggregat ion i n v o l v e d i n 
the i r cons t ruc t ion . T h e o n l y course o f ac t ion lef t was t o examine the data i n the 
annual Census o f Indus t r i a l P r o d u c t i o n f o r the per iod. .Resul ts f o r the-years 
1953,1964 and I 9 6 7 w e r e analysed a n d i n many, cases i t was n o t e d that the average 

15.SeeMassell[7]. ' ' ' 
16. SeeMassell[7]. , . j v . t ' ,",;„> / • • •';•>!.••.- - - • , 

.I7J'Industryclassifications changed.in 1953 and thus there were some, difficulties in achieving this 
task. Some of the estimates had to be approximations and subject to a a degree of error v < 



' o f the f a t i o r ' o f wages and salar ies" to 'net 'output i n '1953 and I967rwas ' 'd i f ferent 
t o m e same ra t io i n 1964 . 'The 'assumpt ion had n d w t o be made that-percentage 
changes ' in the wages -'and/salaries'to-'het o u t p u t ' rat io ' d e r i v e d - f r o m ^ C I P data 
p r o v i d e d a fa i r ref lect ion o f the changes i r i ' labour 's ' share^iri value added'as c o m 
p i l e d f r o m i n p u t - o u t p u t tables . 1 8 O n * this basis, an a l lowance was*added t o ' o r 
subtracted f r o m the 1964 estimates de r ived f r o m the i n p u t - o u t p u t table t o b r i n g 
the 1964 estimate m o r e i n t o ' l i n e w i t h the 'average "of the estimates f o r 1953 and 
I 9 6 7 . 1 9 i } *•• '*' '•• .">'«".'' ' '" T v , ti C,l > 1 '[if < • ! ' • - . , t t ,,rlJ r H '-. 

' T h e 1964 'weigh ts are ' i nc luded ' i n 1 table 1 A . ' Values for-ix(k • — • / ) ' aire ' i nc luded 
i n table 2A.-These are based o n 1964-values o f e t ^ A n adjustment f o r changes i n 
the ! va lue o f a i s ' t i i a d e and r e c o m p u t e d values for;<x*(fe — /) are also included/ . -
' v • » . 1. - ! . . . * - , ' , : J . *••,'•>, 

The Characteristics of the Industries under'Review ' '•• '•' '»•• *. '• v ' i ,\v. s J • ''•*(. 1 . 
Before w e proceed-to examine ' the m a i n statistical results* o f the paper, a l o o k 

at the industries unde r r e v i e w is i n order . T h e 44 industries p i c k e d Out f o r analysis 
are s imi lar i n m o s t cases to those publ ished i n the Census o f Indus t r i a l P r o d u c t i o n 
as seen i n the Irish Statistical Bulletin a n d ^ ' ' S t a t i s t i c a l A b s t r a c t of Ireland^ .There 
are e l even ' food industries w i t h f l ou r m i l l a n d 1 a n i m a l feeding stuffs 'handled as 
separate industries a n d , w i t h f ish dealt w i t h as an' i n d i v i d u a l i ndus t ry . T h e five 
d r i n k and tobacco industries, the f o u r textiles, the e igh t lea ther shoe a n d c l o t h i n g 
industries, n ine 1 w o o d , furniture, ' minerals , c h e m i c a l ' ' i h d & t r i e s 1 and ' the seven 
me ta l paper and pub l i sh ing industries a l l fif the f categories o f i r idus t r i es 'pub l i shed 
annual ly ' i n the Census o f Indus t r ia l P r o d u c t i o n ! ! ' J l V ' • ' . v ' 

'AnOverall review o f the pe r fo rmahce 'b f ' these J44' industries provides ' some 
interest ing ins ights :— ' '" • - " • 1 " ' -« " K '* : ' L ( , ! * ; - ' ' 

(a) T h e u n w e i g h t e d mean rate o f g r o w t h o f o u t p u t fo r these industries be tween 
1953 and 1967 was 4-98 per cent : W i t h a standard dev ia t i on o f 3'91? this p r o v i d e d 
f o r a va r i e ty o f experiences rega rd ing the rate o f g r o w t h o f o u t p u t . Suchindustr ies 
as men's c l o t h i n g , f l ou r m i l l s and tobacco experienced decreases i n o u t p u t w h i l e 
annual rates o f g r o w t h o f ove r 10 per cent w e r e enjoyed b y the electrical m a c h i n 
ery , ferti l iser and chemica l industries. 

(b) A s c o u l d be expected,' capi ta l g r e w ' a t a faster ra te ' than labour ! Trie*4 per 
cent difference be tween these ' ^ w e i g h t e d " mean g r o w t h , rates' was^$ubsta£tial 
b u t h i d a great d ive r s i t y o f experience a m o n g these industries.* Only^'miscellaneous 
c l o t h i n g and, r made-up textiles had' labour" g r o w i n g ' f a s t e r than cap i t a l ' arid ' the 
rate o f g r o w t h , o f capital exceeded that o f l a b o u r b y ' 6 'per x e n t o r m o r e ' i n soft' 
d r inks , w o o d , b r o o m s arid brushes ' fertil iser and n o n e l e c t r i c a l rr iacnir ierv. ' ' •'"' ' 
••» • ' I ' • • • t. - 'iit- 1 . /nut »» . . M v » * . ,• •*' ' " j : J >i tt •»•: 
!«.*8. This assumption is mfortunately.neGessary. C I P net output figures .include,more than factor 

mcomesjbut the annual breakdown of .the published 'data permitSj no further sorting out o f .the 
components ofthe net output series for individual industries. T T j ;.. ; TT^. ' . j . . ,* 
" io . .The resultittg'estimates for o'and f o r ( l - o ) for individual ihdlistnes'afe"average'sdf the values 
ofthesefactorsharesovertheperiod/'-''" u - ' " U i -'' 1 A ' i E t U '-^> :> • 



« ( c ) ' L o o k i n g - a t t h e , i n d i v i d u a l components o f the capital to l abour r a t io i t is 
t o be ;noted m a t the- rate o f g r o w t h o f : labour showed greater, v a r i a t i o n across 
these industries than the rate o f g r o w t h , o f capi ta l : I n ; fact eleven industries had 
negat ive frates o f , g r o w t h o f l abour j w h i l e f ish and electrical mach ine ry had an 
annual rate o f growth- jofs labour o f 81 per cent or- m o r e . * 

• ' . 1 ' >!:•',{• : v .i : , ' • •' if , : '', •• ' :/ 
(d) T h e u n w e i g h t e d mean rate o f g r o w t h o f labour p r o d u c t i v i t y was 3*05 per 

cent and this rate o f g r o w t h also showed great d ivers i ty across industries. T h e 
unwe igh ted -n i ean fate], o f g r o w t h o f c a p i t a l . p r o d u c t i v i t y was negat ive over the 
p e r i o d . ind ica t ing a,decline i n ^ h e ' average and m a r g i n a l p r o d u c t i v i t i e s o f . c a p i t a l : 
As reflected i n the coefficient o f . v a r i a t i o n , i t is also clear tha t besides a l o w e r rate 
o f g r o w t h o f capital p r o d u c t i v i t y as contrasted w i t h the rate o f g r o w t h o f l abour 
p r o d u c t i v i t y , the rate o f c h a n g e . o f capital p r o d u c t i v i t y was also subject t o a 
greater d ivers i ty o f experience across these industries than was the change i n 
l abour p r o d u c t i v i t y . - • ,.. . . . . 4 

,(e) F ina l ly , a, the e l a s t i c i t y , o f o u t p u t w i t h respect to a 1 per cent change i n 
capi tal , h ad an . u n w e i g h t e d - m e a n o f - 3 1 7 . T h e equivalent statis'tic'.for (1 — a ) , 
the .elasticity o f o u t p u t w i t h respect to a r p e r cen^change i n labour , was -683 
and b y the nature o f the l i m i t s (o to 1) i n w h i c h each c o u l d operate, the coefficient 
o f v a r i a t i o n . for a was greater than f o r (1 — a ) . Great d ivers i ty i n p r o d u c t i o n 
techniques is ref lec tedj in the standard dev ia t ion and coefficient o f v a r i a t i o n fo r 
a and (1 — a ) , r a n g i n g f r o m -612 f o r a i n b r e w i n g to -044 fo r a i n m o t o r arid 
o the r vehicles. T h i s has great significance fo r the k i n d o f conclusions tha t can be 
d r a w n f r o m cross section analysis o f these industries and w e w i l l have "reason t o 
r e t u r n t o this quest ion shor t ly . ' 

• ,* " • • |' y . ..• • . 
The•'Analysis of Improvements in Labour Productivity , • , 

T h e basis o f o u r p o i n t o f departure fo r this analysis is equa t ion ( 3 ) : — . 

" : * "• '• ( / - / ) = a (k-!)'+ -r" ' 

fot each o f the 44 industries values o f y, I, k, and a are inc luded i n tables 1 A 
arid £ A and table 3 A includes measures, o f annual i m p r o v e m e n t s i n l abour p r o 
d u c t i v i t y fo r each i n d u s t r y , the pa r t o f i t that 1 can be expla ined .by a rise i n ' t h e 
capi ta l t o l abour r a t io and the residual par t that can' be explained b y technical 
change. N e i t h e r i n equa t ion (3) n o r i n t a b l e s i A , " 2 A , '3'A is the influence o f scale 
factors g i v e n e x p l i c i t ; r e c o g n i t i o n (as i n equat ion 3 A ) and as a result its effects 
are i m p l i c i t i n b o t h o (k — I ) and r. F ina l ly , ' table 3 A shows the percentage o f 
the i m p r o v e m e n t i n ' l a b o u r p r o d u c t i v i t y w h i c h can be accounted fo r b y technical 
change and a s u m m a r y o f these results fo r the 44 industries is i nc luded i n table 2 . 

These results are s t r i k i n g i n m a n y respects. M 6 s t i m p o r t a n t o f a l l is the finding 
tha t across these 44 industries the u n w e i g h t e d niean o f the percentage o f l abou r 



p r o d u c t i v i t y i m p r o v e m e n t accounted fo r b y technical change was 52 per cent 
b u t the d ive r s i ty o f i n d i v i d u a l i ndus t ry experience is reflected i n a coefficient o f 
v a r i a t i o n o f 135*2 per cent. I f w e assume, a r b i t r a r i l y b y necessity, tha t 30 per 
cent is a d i v i d i n g l ine be tween signif icant and , ins igni f icant c o n t r i b u t i o n s - o f 
technical change to the i m p r o v e m e n t o f l abour p r o d u c t i v i t y , then w e find tha t 

• c , c 
T A B L E I : Summary Statistics for the 44 Industries " ' "' 

Unweighted Standard Coefficient of 
Means Deviation Variation 

• k 5-94 4-4. 7 4 - i , ; 
I 1-91 2-8 ..- 146-6 

k—l 4-02 ' 2 - 8 . 6 9 6 

7 4-98 3-9 78-5 1 

y - l • ,•3-05 2-2 \ 71-1. 
a •3 i7 •134 42-2 f 

( 1 - a ) ' •683 •134 • .19-6 
a*(k — f) 1-49 VI .75-0 _ 

r 1-56 2-2 • ' 135-2 : 
y - k — 9 6 3-2 328-1 

Sources: Tables i A and 2 A . 
* Adjusted as described o n page 30. 

29 o f the 44 industries (or a p p r o x i m a t e l y 66 per cent) ga in s ignif icant he lp f r o m 
technical change i n i m p r o v i n g l abour p r o d u c t i v i t y . L e a v i n g o u t the f o o d indus 
tries w h i c h appear t o have p rob l ems o f the i r o w n , w e discover tha t the same 
conclus ion can be d r a w n f o r 25 o u t o f 33 industries (or 75 per cent) . 

T r a v e l l i n g the fu r the r step o f asking the frequency w i t h w h i c h technical change 
is m o r e i m p o r t a n t than the g r o w t h o f factors i n rais ing l abour p r o d u c t i v i t y , 
the answer is 24 o u t o f the 44 cases (55 per cent app rox . ) . L e a v i n g o u t the f o o d 
industries again, the answer is 21 o u t or the 33 cases (63 per cent) . 

L o o k i n g at the n ine indus t r i a l g roup ings inc luded i n table 2, a dramat ic result 
is the apparent lack o f technical change i n the f o o d , d r i n k and tobacco industries. 
E i g h t o f the eleven f o o d industries, tobacco and* b r e w i n g received negat ive 
con t r ibu t ions f r o m technical change t o the i m p r o v e m e n t o f l abour p r o d u c t i v i t y . 
Explanat ions f o r the .behav iour o f r i n these 10 as well-as i n men's c l o t h i n g and 
other vehicles w i l l be sought later i n the analysis. I m p o r t a n t also is the p e r f o r m 
ance o f the c l o t h i n g g r o u p w h e r e v i g o r o u s technical change was i n opera t ion . 

I n its statistics fo r the 44 industries, table 2 seems to say that there was a great 
d ivers i ty o f experience w i t h technical change. W h e n the results f o r the 12 indus
tries w i t h negat ive residuals are lef t aside, the pa t te rn becomes somewha t m o r e 
u n i f o r m . I n tha t case, 29 o u t o f 32 industries have r's c o n t r i b u t i n g ove r 30 per 



~ - T A B L E 2: Frequency.Distribution of-Weigh of Technical Change in Improving Labour Productivity in Nine Industrial Groupings 
" "' r > . ' i» - "_' I ' .*- -* * r * ''• ) i . .: .' -'' .' —• 5 © 1 ^ 
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cent t o (y — f) and 26 o u t o f 3 2 finding technical 'change quan t i t a t ive ly m o r e 
i m p o r t a n t t han a r i s i n g capital t o l abour r a t i o • m i m p r b v i n g " l abour pYo'duc'tivity'. 

T o re inforce the findings o f this section; w e ' w i l l make 'use o f r a n k cor re la t ion 
analysis. R a n k co r re l a t ion 'coefficients Were sought be tween ' (1) ' ( y ^ - ^ ' a n d ' ^ — I ) , 
(2) (y—/) and r and ( 3 ) ^ — k ) and (y—7)! D a t a fo r "the 4 4 i n d u s t r i e s were 'used t o 
der ive these i coefficients. 1 1 The'fesults w e r e as f o l l o w : — ' ' " 1 - (

u J ' \ . - -V'' 1 

'-..- ..,<•»,.' ' - . i ' . ' /1! i i 1.. 'v.'j<;f(» . <• v i " . s >;• >^tukt:> • •'•! <}>•: ' I'll h\w u 
•Dependent Independent *'/ Kendall's ••>•''• * • • i i - • ; ' • 11. J. > f l i 

'Variable -'~VMk >*'>'• ''Tau' "-^Remarks's J , f ''• ' ' ' • » ; ' ' A | • • " 
• (y— /) ' • ' ! ' (k^-l)'- ' • •119 ' - " n o t s igni f icant ly d i f f e r e n t ' f r o m o at the 

•" " ' ' -• "• ' • '<- ,"- '5 per c e r i t ' l e v e K ' : - V V V l ' ! - ? -
t • // •• <. <_•;. • • ' - " i : »/. i r ; ' , o ' . i -j , / v i •<-• At. 

' ( y ^ 7 ) ' - • ' ( r ) -* - '" { *6'36'«1', s igni f icant ly different ' f r o m I J o a t - t h e 
" 1'per cent leve l " i , J - - i ' - * ' 1 •* v " t - ' ^ L 

(y—k) , , ( y — I ) , , , , , - 2 9 8 ',m 1 ;, s ign i f ican t ly different . f r o m 0 at the 
i per cent l eve l . _ . . 

Source: Table 3 A . 

T h e first t w o o f theseresults under l ine the u n i m p o r t a n c e o f r i s ing capital to l abour 
ratios and the v i t a l significance o f technical change i n i m p r o v i n g l abour p r o 
d u c t i v i t y i n these industries. T h e t h i r d result adds fuel t o the fire o f suspicion tha t 
technical change has a l o t t o d o w i t h d e t e r m i n i n g the behav iour o f t h e p r o d u c t i v i t y 
o f b o t h l a b o u r and ; capi ta l . c > f " 1 

- <,•[ r... ,M 

Industries with Negative Residuals K > • _ , - . ] 
A s indica ted above, a cluster o f t w e l v e industries experienced negat ive residuals. 

W h a t k inds o f possible explanations can be p r o v i d e d fo r these results ? • • J 

I t is i m p o r t a n t at the b e g i n n i n g to p u l l o u t the cases w h e r e the negat ive residuals 
are associated w i t h decreases i n l abour p r o d u c t i v i t y . These teases w e r e bacon, 
vegetable cann ing , men's c l o t h i n g , and other vehicles, and i n these cases the 
negat ive residuals are s t rong e n o u g h to decrease l abour p r o d u c t i v i t y . I n three 
cases the factor i n p u t ( T ) is g r o w i n g as is to t a l o u t p u t . T h e excep t ion is men's 
c lo th ing . ' I n a l l o f these f o u r cases, h o w e v e r , r i s ing capital to labour , ra t ios m a k e 
pos i t ive con t r ibu t ions t o ra is ing l abour p r o d u c t i v i t y ; T h e r e m a i n i n g e igh t cases 
have improving labour< p r o d u c t i v i t y and thus the negat ive residuals are,.lesi^ 
d o m i n a n t i n in f luenc ing the s ign attached to ( y — I ) . ' . / \ . r , , i .*a 

W i t h regard t o these negat ive residuals, a n u m b e r o f possible explanations w e r e 
e x p l o r e d : — • . • . , ' • • , 

«i " i •; . ' . H : ' ' , ••• ri . / ., . ... J.ht'i I'.u., • • ,i~> 
(a) Failures to Measure Appropriately Capital-in-Use 

A s was described earlier, an' effort -was made to' adjust t h e figures o f available 
capital so that appropr ia te measures w o u l d be f o u n d fo r capital- in-use;-This was ' 



> 

36 • , E C O N O M I C AND SOCIAL R E V I E W , 

done by . seeking o u t f o r each indus t ry the rate o f change i n the ra t io o f cap i ta l - in -
use t o l abour . T h i s was easily achieved w h e n labour- in-use was subject to some 
fluctuations ove r the , p e r i o d , a l t h o u g h even here the poss ib i l i ty o f e r ro r was 
always present, b u t i t was a m u c h m o r e d i f f icu l t procedure w h e n an u n i n t e r r u p t e d 
t r end i n l abour use existed as reflected i n peak l abour use f a l l i n g i n either 1953 o r 
1967. I n these cases, there was a poss ib i l i ty tha t the chosen statistical p rocedure 
w o u l d fa i l t o p i c k u p the emergence o f excess capacity i n i n d i v i d u a l indus t r i es . 2 0 

T h e year o f p e a k l abour use i n each o f the industries was as f o l l o w s : — m a r g a r i n e , 
etc. 1953; flour m i l l i n g 1953; sugar and sugar confect . 1963; o ther f o o d 1964; 
bread 1953; bacon 1967; vegetable cann ing 1965; m i l k and m i l k products 1967; 
b r e w i n g 1965; tobacco 1967; men's c l o t h i n g 1953; o ther vehicles 1967. 

.Those w i t h peak year use o f l abour o c c u r r i n g i n 1953 and 1967 w e r e then 
p ickeH o u t and (y—k), k and y w e r e compared fo r the periods 1953-1967 and 
1964-1967. T h e results are i nc luded i n table 3. 

T A B L E 3: Rate of Change of Capital Productivity, Output and Capital 
i .'. , 
'1 

1953- 1964- 1953- 1964- 1953- 1964-
1967 1967 1967 1967 1967 1967 
y — k y — k ' y y t 

k k 

-Margarine etc. 1 - 3 - 0 1-2 4*3 3-8 3- i 
Flour; M i l l i n g | - 3 - 0 — i - o — I - I < '2*0 , » 1-9 3-0 
Bread - 4 - 2 - 2 - 6 — •2 i-3 - 4-0 ; 3-9 
B a c o n . - 4 - o - 7 - 6 i -8 1-6 5-8 9-2 
M i l k and M i l k Products - 3 - 7 - 3 - 8 5-5 I I - 2 9-2 16-0 
Tobacco - 4 - 9 - 6 - 4 — 7 •8 4-2 7-2 
Men's Clo th ing i - 2 - 9 - 2 - 4 ^ • 9 • 1-7 2-0 4-1 
Other Vehicles | . - 6 - 7 - 1 6 - 6 2-5 2-6 9-2 19-2, 

' Sources: Unpublished data provided by M r . Eamon Henry o f the Central Statistics 
Office, D u b l i n . 1 

" •' i - '• 

O n the basis o f these results, i t was decided t o sort o u t bacon, m i l k . a n d . m i l k 
products , tobacco, men's c l o t h i n g and o ther vehicles and to use an 'annual rate o f 
g r o w t h o f capital-in-use w h i c h was m o r e an a p p r o x i m a t i o n to the rate o f g r o w t h 
o f capital-in-use ove r the p e r i o d 1953-1964. T h e con t r ibu t ions b y r i s ing capi ta l 
t o l abour ratios and b y technical change t o the i m p r o v e m e n t o f l abour p r o d u c t i v i t y 
are then r e c o m p u t e d and the results are i nc luded i n table 4 . 

I t is seen tha t the adjustment o f k makes l i t t l e difference to the results except i n 
the case o f m i l k and m i l k products w h e r e the percentage c o n t r i b u t i o n o f r t o the 

26. This possibility o f course existed for all industries and on the basis o f the results, there was a 
suspicion that it might apply to the fertiliser industry. 



T A B L E 4: Re-estimated Capital Growth Figures and the Change in Labour Productivity 
- • {Recomputed) ; 

v k a*(k - I) r 

Bacon • • 4-9 •5 — i-o 
M i l k and M i l k Products • 7'3 'i-3 , - •4 
Tobacco ••' 3*4 •' - • 1-9 - i - 6 ' 
Men's C lo th ing 1-4 • ;2 —5 
Other Vehicles 6-5 • I — 2'0 

Source: As for table 3. '. ' ' 

m a k i n g a pos i t ive c o n t r i b u t i o n o f 23-5. 

fc) Failure to Make an Appropriate Choice of the Form of the Production Function 
A serious poss ib i l i ty o f e r ro r was i n the choice o f the f o r m o f the p r o d u c t i o n 

f u n c t i o n . I n the chosen f o r m , a k e y assumption has been that the elasticity o f 
subs t i tu t ion be tween the factors is equal t o one and tha t technical change has 
been neut ra l i r i its i m p a c t . W e thus have avo ided any k i n d o f measure o f a, the 
elasticity o f subs t i tu t ion . C o u l d this have seriously d i s to r ted the repor ted results; 

U n f o r t u n a t e l y , because, o f the nature o f the available data, w e are unable t o 
measure the m a g n i t u d e o f the elasticity o f subs t i tu t ion a long the lines suggested 
b y M i n h a s and others. W h a t w e can d o , h o w e v e r , i n the case o f these'industries 
w i t h negat ive residuals is to ask w h a t va lue o f a c o u l d w i p e o u t the negat ive 
residuals i n these industries. ; . ' ' ' 

T h e procedure to . meet this objec t ive is a ref ined vers ion o f ah equa t ion 
suggested b y R . R . N e l s o n 2 1 as appropr ia te t o the measurement o f technical change 
i n industries w h e r e the elasticity o f subs t i tu t ion (a) can take o n a va r i e ty o f values: 

. r «'yLak-pi-tap(^^{k-f)*+l . .(4) 

I n o u r case.we assume that B = (1 — a) so tha t the equa t ion reduces t o : 

/•' ; . . , \r W (y-0-a(fe-l)-.-(l-i)(^(fc-0*^ ' (5) 

For each o f these t w e l v e industries w e can conduc t the exercise o f assuming tha 
r = o, and as values 'are available f o r a l l t he -o the r variables^ w e can' f i n d ' t h e 
r equ i red va lue o f a. These results are inc luded ' i n T a b l e 5. : ' . . 

2 1 . R . R . Nelson [9]. -• '. . o '.. ' • ., . i. • KJ 
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» .><•>> >.' T A B L E 5 •' > • > ' • ' . • ' . <..:» .. i 

I •.. ..r -Required 

t- V 

Margarine etc. '••[. -66 -i . . !< , 
Flour mills • -88 - : , - ) ! , 1 \ f A ..... '!:]••' 
Sugar and sugar confect. 1*17 -..,«. I t , ' ! 
Other food -86 .(••»•'••/U-'<•• 
Bread • • -73 '••>•<// - ' r f » 

•Bacon • - —-.• — - - - . . . 
Vegetable Canning -54 
M i l k and M i l k Products 1-35 ' ' ~ '* " •'':(' y 

B r e w i n g '53 
f ,(Tobacco - ; ' : \ ' ' < r , ' 6 0 jrpjri.-, 1 \ , . f t , .< . - / • : . j 

Men's C lo th ing , - \ l t ,,, i 739. . . . , , , , v , ... , ' \ . , : 

Other Vehicles -19 

. . . - , J ' - R , L '> '-Note: 1964'values o f a have been'used iri'mese computations/ ' « ' 
• ' t . j i ' ' i ' l - . * . T . J . ' j S i ! ) ' : * " " ! ••!' " / I ) . , . r . . f , ' ' . J 1 . . . ; , i i 

' •'. I . ' ' ' ) ; ; . " ' I ) . ' > - , ; ' • •• . , . • : ; • r- ,'i ; , „ ! _ > ' : ,>•..;/«-> { ».'!• /.•/,'. 
, « A n examina t ion o f the r equ i r ed yahies o f <x; i n association ; w i t h the change i n 
i n c o m e shares as reflected i n T a b l e 2 A suggests tha t d iminish ing-re turns m a y h a v e 
.some impor t ance i n the f o l l o w i n g cases: bread, bacon, vegetable canning , .o ther 
f o o d , b r e w i n g and tobacco. T h e decline in , the technical coefficient continues t o be 
i m p o r t a n t fo r ,marga r ine , , f l ou r m i l l i n g , sugar and,sugar confect ionery , m i l k . a n d 

. m i l k p roduc t s , men's Ixlothing, and ' o the r vehicles. y F o r , the (fbrmer group, 
d i m i n i s h i n g returns provides us w i t h explana tory p o w e r , o n l y in. the a b s e n c e o f 
technical change, and technical change o f a, size;equivalent t o ..that achieved i n 
o ther t industries w o u l d have permit ted^ m o r e substantial ' i m p r o v e m e n t s i n the 
average,product ivi t ies o f l abour and capital.' } f , : f«, —, •• / ' 

(c) Failure to Account for Changes in the Sex and Age Composition of Labour-in-Use 
• / A n o t h e r dis t inct poss ib i l i t y ' i s that the compos i t ion ' o f the labour force was 

shi f t ing i n f avou r o f female l abour and the under-18 age g r o u p . W h e n this is so, 
w e assume that the l o w e r w e e k l y .earnings fo r these t w o . groups i n contrast to, tha t 
f o r m e n over 18 years o f age is a ref lect ion o f the l o w e r p r o d u c t i v i t y levels o f 
these uni ts o f l abour . Industries w i t h , negat ive .residuals w h i c h w e r e t end ing t o 
use increasing p r o p o r t i o n s o f female and under 18 years o l d l abour w o u l d t end 
t o a t t r ibu te t o o m u c h o f the d rag o n thei r l abour p r o d u c t i v i t y i m p r o v e m e n t t o 
a decline i n the i r technical coefficient znii t o o l i t t l e t o difficulties w i t h .the l abour 
force.' W h e t h e r , this |poss ib i l i ty has- any , exp lana tory .value f o r these t w e l v e 
industries m u s t n o w be examined empi r i ca l l y v , , , . ,. ' 1 ., j . . , i . • < ! j - ( 

A procedure b y w h i c h t o do this is to examine the changes i n the c o m p o s i t i o n 
o f l abour and t o adjust the rate o f g r o w t h o f l abour figures for, changes i n 



c o m p o s i t i o n . T h i s is done b y creat ing equivalences For var ious k inds o f l abour b y 
using re la t ive w e e k l y earnings as we igh t s fo r c o m p u t i n g thesegrowth ' r a t e s . • <••••! 
u ' A n examina t ion o f T a b l e 6 suggests that , i n the l i g h t o f this possible exp lana t ion 

i »•) : • i • :•! .~ i L i i . , - j ! . ' J '.»!- ' •<"!*. - - J 
T A B L E 6: Changes in the Age and'.Sex Composition of the Labour Force i f f tfte Negative, 
,u • , , Residual Grouping of Industries in, ' >, •«», »H !>.<t J ...'/•• 

Females Under 18 Females Under 18 
Year Labour Labour Year Labour Labour 

.... force force {-force . ,'. force 

Margarine etc. "' 1952 33-2 •- 3 -4 - - 1967 39*3 " 5-9 
Flour* \ i953 9-1 3'9 1966 n - 8 4'5 
Sugar and sugar confect. 1953 49-7 -16-8 1967 49-3 8-2 
Other food* 1953 52-6 ...15-1 1966 43-8, , • ..,8-8 : 
Bread 1953 28/9 12-9 1966 33-1 
Bacon 1954 30 ; 4 5-1 1966 27-5 
Vegetable Canning 1953 6 7 5 i4-3 1966 58-9. 
M i l k and M i l k Products 1953 I 2 - I . '• -9 1966 13-9 •• ' 2-9 " i 

Brewing 1954 io-8 ••4-3 1966 15-5 
Tobacco 1954 54'8 7 3 1967 50-5 . '5 - i 
Men's Clo th ing 1953 78-1 ' 2 8 - 8 1966 . 76-3 24-9 
Other Vehicles 1953 12-3 14-8 1966 io-6 4-3 

, Ratio of Female Ratios _ Ratio oft Under 18 ,, 
^ ••at the beginning,, and, Ratios at the beginning 

j end of the,, period .and end of the period -„ 

Margarine etc. 
Flour* 
Sugar and sugar confect. 
Other Food* , ' 
Bread 
Bacon 
Vegetable Cann ing ' 
M i l k and M i l k Products 
Brewing 
Tobacco 
Men's C l o t h i n g ' ' ' " 
Other Vehicles '•' ' Oi l . 

118 
130 

99 
.83 

'•115 t ..' 

;' ' 90 ' 

. y 
*43 . 

90 
u ' 98 ' •-• 

"86- 1 

173 
115 

49 
. < \ ' .58 
( . « • . , '89 

;t <•*••*: r 1 > I 2 2 

• . ' * . . ., 49 . 

. . . 1 , - 3 2 2 ' 

7 
'.86 ' 

" 2 9 ' 

.(1 

Notes: ,*Flour here covers gra inrni l l ingand animal feeding stuffs; other food includes, 
.., fish but. fish is. a small par t .of , the! to ta l . The nature, o f the published, data , 

, ; • forced.a^acceptance of,these ^ tegor ies . , i 
"4 

Source. Irish Trade Journal and Statistical Bulletin (Irish Statistical Bul le t in for later 
issues)—various issues. 1 
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o f the negative; residuals, w e should-jpick ; o u t margar ine etc., f lour , m i l l i n g , bread, 
bacon, m i l k and m i l k , p r o d u c t s and b r e w i n g fo r fur ther examina t ion , 

T h e procedures indica ted above have been used t o recompute the rate o f g r o w t h 
o f l abou r and the results are i nc luded i n Tab le 7. I n each o f these six cases the 
negat ive residual n o w falls i n m a g n i t u d e and i n the cases o f m i l k and m i l k 
products and f l o u r m i l l i n g , r n o w makes a pos i t ive c o n t r i b u t i o n t o the rate o f 
i m p r o v e m e n t o f l abour p r o d u c t i v i t y . -

• T A B L E 7: Re-estimdtion of r for the Six Industries with Negative Residuals 

4 ; 

r / k ( f e - / ) ( f c - Q r (Y-l) 

Margarine etc. - • 8 3-8 4-6 2-3 — 6 1-6 

Bread — 8 4-0 4-8 i -6 — r o •6 

Bacon , . 1-8. 5-8 4-0 •8 — 8 0 

M i l k and M i l k Products 1-9 9 2 7-3 2 7 •9 3-6 

Flour M i l l i n g - 3 - 7 1-9 5-6 2-2 •5 2-7 

B r e w i n g ) •4 6-0 5-6 3-4 - 3 - 1 •3 

•Note: The- method o f computat ion o f / is described above. Sources are indicated 
on page 39. The remainder o f the basic figures are taken f r o m tables i A and 2 A . W h e n 
the re-estimated values o f U are taken,from table 4, and substituted i n for the values o f 
k i n this table, the sign o f r i n bacon and m i l k and m i l k products is not changed. 

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

T w o possible sources o f e r ro r arise i n this regard . First , the adjusted values o f 
a m a y be subject t o a m a r g i n o f e r ror . I n so far as this adjustment was erroneously 
pos i t ive , the c o n t r i b u t i o n o f technical change t o the i m p r o v e m e n t o f l abour 
p r o d u c t i v i t y w o u l d be underest imated. A n examina t ion o f the adjustments as 
conta ined i n Tab le 2 A suggests that this poss ib i l i ty takes o n impor t ance i n causing 
negat ive residuals i n o n l y t w o cases. These are sugar and sugar confect ionery , etc. 
and m i l k and m i l k p roduc ts . T h e r e m o v a l o f the adjustment causes these industries 
to have smal l b u t n o t s ign i f ican t ly large pos i t ive residuals. Secondly, the o u t p u t 
series used m a y t end t o underest imate the rate o f g r o w t h o f value added measured 
i n constant prices. T h e w a y t o catch this k i n d o f bias is to examine the change i n 
the ra t io o f net t o gross o u t p u t ove r the p e r i o d . T h i s provides n o cer ta in procedure 
w i t h w h i c h t o de te rmine w h e t h e r the bias i n quest ion does i n fact exist. B u t g i v e n 
the nature o f available data i t m a y g ive us some help. ' I n a l l t w e l v e industries w i t h 
negat ive residuals, the ra t io o f ne t t o gross o u t p u t increases over the p e r i o d and 
this opens the poss ib i l i ty tha t anyone o f the negat ive residuals m i g h t disappear 



i n the face o f n e w o u t p u t series based o n the va lue added concept measured i n 
constant prices.? 2 . - ' ' v r > ? . s ' ' : 

W h a t then can be conc luded about the causes o f the decline i n the technical 
coefficient? A n u m b e r o f findings can n o w be r e p o r t e d : (a) I f w e .b r ing together 
the adjustments t o the capi ta l s tock and m a k e a l lowance fo r the changes i n the 
age a n d sex c o m p o s i t i o n o f the l abour force i n c o m p u t i n g the rate o f g r o w t h o f 
l abour , w e find that t w o industries o u t o f the t w e l v e n o w have a pos i t ive rather 
than negat ive residual. These are m i l k and m i l k products and flour m i l l i n g . (See 
Tab le 7.) (b) W h e n w e examine the r e m a i n i n g industries, w e find a cluster o f f o u r 
w h e r e per formance has been caused b y the decline i n the leve l o f technical k n o w -
h o w and another g r o u p i n g o f six w h e r e the explana t ion lies w i t h , e i ther - the 
decline i n technical k n o w - h o w o r the s t rength o f d i m i n i s h i n g returns. E v e n i f the 
r equ i red a values c o u l d be achieved after adjustments have been made f o r k and /, 
i t is clear tha t technical change is m a k i n g l i t t l e c o n t r i b u t i o n i n these cases t o the 
i m p r o v e m e n t o f l abou r p r o d u c t i v i t y . <-J _ 

(c) I t is possible tha t decreasing returns to scale c o u l d be i n ope ra t i on , i n a l l o f 
these industries except f o r miscellaneous c l o t h i n g . I t is un fo r tuna te tha t scale 
factors c o u l d n o t be s ingled o u t f o r separate examina t ion . ' ' ' . 

(d) T h e character o f the o u t p u t series m a y be responsible fo r the negat ive 
residuals. A series based o n value added at constant p r i c e s ' m i g h t ' t e n d t o t u r n 
negat ive i n t o pos i t ive residuals a l t h o u g h it 'seems l i k e l y tha t mos t o f these t w e l v e 
industries w o u l d s t i l l have o n l y smal l con t r ibu t ions b y technical change t o the 
i m p r o v e m e n t o f l abour p r o d u c t i v i t y . 

P r o b a b l y the mos t notable feature o f this cluster o f t w e l v e industries is that the 
l abour i n p u t declines over the p e r i o d fo r six o f the t w e l v e industries and (k— I) is 
above the u n w e i g h t e d mean average f o r the 44 industries i n 75 per cent o f these 
cases. B r e w i n g ' s l abour also has an annual rate o f g r o w t h o f o n l y 0-5 per cent. T h u s 
a h i g h degree o f capi ta l deepening was i n process i n these seven cases w i t h apparent 
efforts t o cu t o u t unnecessary l abour . Despi te the possible ro le o f d i m i n i s h i n g 
returns, w e can speculate w i t h g o o d reason tha t . the process o f capital deepening 
i n v o l v e d m a j o r readjustments i n p r o d u c t i o n lines and at least a t e m p o r a r y loss o f 
effectiveness had c o m e t o bear o n b o t h l a b o u r and capi ta l . T h e capi ta l deepening 
process i n v o l v e d therefore, n o t a m o v e m e n t a l o n g a p r o d u c t i o n isoquant w i t h 
g i v e n t echno logy , b u t a shift f r o m an isoquant i n one field t o another isoquant 
i n a field i n v o l v i n g m o r e sophisticated t echno logy . F o r these m o r e advanced 
methods t o reflect themselves i n s t rong pos i t ive residuals r equ i r ed a p r o b a t i o n 
p e r i o d w h i c h had n o t been c o m p l e t e d b y 1967.' T h e dec l in ing average p r o d u c t i v i t y 
o f capital i n the face o f substantial capi ta l deepening can be expla ined then either 

22. A n examination of the statistics would suggest that even i f we were to double y, margarine 
etc., bread, brewing and tobacco would still have negative residuals. Flour milling, sugar and sugar 
confectionery, etc.,'men's clothing and other vehicles would make a small,to average,contri
bution by technical change to the improvement o f labour productivity. O n l y other food, and milk 
and milk products would possibly have a significant contribution by technical'change to the i m 
provement o f labour productivity. ' , • . > ! - . ' •' 
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i 
by.mistakes i n c o m p a n y decisions and/or b y g o v e r n m e n t policies w h i c h subsidised 
heav i ly the process o f capital deepening and /or b y expectations tha t m a j o r gains 
i n bd th . l ab 'our and capital p r o d u c t i v i t y , cou ld- be achieved after a ip roba t iona ry 
p e r i o d o f • ' ' l ea rn ing b y doing' ' - . , t ] j? it, ' - \tttvj . < ; i >t > 
,i W h i l e , o the r explanations f o r these results m a y ' b e possible and . a n u m b e r , o f 
these have b e e n e x a m i n e d i n the,process o f researching this "paper, the conclusions 
jus t idrawri ,^whi le<necessar i ly 'speculative Seem plausible a n d r w o r t h y . o f fur ther 
examina t ion . T h e advance o f the science i n p r o v i d i n g tools to handle p r o d u c t i o n 
f u n c t i o n analyses is l i m i t i n g i n tha t 'residuals' are f o u n d and the j u d g m e n t o f the 
research becomes v i t a l i n exp la in ing the results.' T h i s has happened as is inevi table 
in.studies o f this k i n d . ' i J i , J ! •' . r ^ i . v <•'• '. ' « . 1 

' \ t v - ?.rvt1;i •< . L • . ' ' >T , . -it- i . . : • . • ' •.*•*. , v . 

Industries 'ivittfPdsitiu'e Residuals 1' '''.,'s' * " ' • -;* * '•' '.' 1 '*.* • -
Leaving 'as ide ' the t w e l v e ' industries w i t h ' negat ive residuals, we ' a re n o w l e d ' t o 

-ask .whether any causal explanations can be ' f ound fo r the l eve l o f technical change 
achieved in^tKe r e m a i n i n g 32 ' indus t r ies . 'The t e m p t a t i o n was s t rong t o seek, b y 
means f o f regression analysis, f o r parametr ic relationships be tween r and k, and /o r 
1 and /or T. L e t us pursue this avenue o f attack f o r a m o m e n t . , ' 

I n his w o r k , o h l a b o u r ' p r o d u c t i v i t y i m p r b v e m e n t s ^ i n ' I r i s h manufac tu r ing 
industries, K e n n e d y had recourse t o the so-called V e r d o q r n L a w equat ion re la t ing 
changes i n l abou r p r o d u c t i v i t y to the rate o f g r o w t h o f o u t p u t . W e fan the same 
analysis o r i t h e o u t p u t and l abou r series used i n this'essay and came u p w i t h s imi lar 
results-.to those o f K e n n e d y : ' -

- " J P ' vn.'-su •'. */'<!.• > V t ' -.1, < , , 
, ( y — / ) = i-o8-r-'394y r = - 7 i 7 , ( A ) 

" - -> » (:°4) (•062) , . , . 

f . v t ^ . ( r i - ^ r * ? £*8^ i f 1 0 ^ at the 1 per cent level) .,• . } t ,, , 

; . r r r a ' "k» '.J ' - M l *r; ,rb - i - - ' . . - .'' > < />•,. .1 : - " i t " 1 n * ' 1 

As K e n n e d y p o i n t e d o u t , , a n d adde^^fur ther^evidence, t o m a k e his case, this 
suggested ..strongly, tha t i m p r o v m g d a b p u r p f o d u c t i y i t y , was caused-by technical 
c r i n g e wh1.ch\.occraea^with the rate p f j g r o w t h o f ou tpu t .* . . . ',.,-..-,, v , 
' , A t the n e x t stage,,a s imi lar equa t ion was set u p . w i t h (y—k) as the dependent 
var iable a n d . y a s the- independent variable. The.results w e r e as fo l l ows : . . 

L ' v - i v L : .rt. r<i Al -it> '•. . v « L - . . r * . . *• -.''i--':. ••';?</-; ! ft' . ,M 
i r. i y u : u ^ ¥ } m i - W + ^ y v u fe^'-.j.., , 1 . , -[»(?) 

;; ; i i ' i >: .cr ' , . - f ^ ^ v / ! . • A ' 4 1 ) ( • I 3 I ) «/ • . , .- . ' '..- u 
(r j iSisignif icant 'a tfdie 2 jpe r ; cen t l eve l ; the';regression-cpemcient'at the 5 p e r c e n t 

ieve l , and the intercept at the 1 per cent level) 

These equations seemed i ' tb' indicate Systematic; parametr ic relationships across t he 
44-iridusjtry> clui«e|ing,'- ; a l t l i p u ^ h equa t ion ( B ) ' p r o v i d e d statistically weaker 
t e ^ ^ l f l ^ ' f ^ c l f e q u ^ t t o i i (A) % ; Tb.e majofjCpficlusibh, Koweyer, ' was, that the ' ra te 
o f growth* o f o u t p u t had someth ing t o do w i t h inf luencing, toe.^ace/p^clunge. o f 

file:///tttvj


the p r o d u c t i v i t y 1 o f b o t h l abou r and capital. 4 T h e r o l e ' o f ' t e c h n i c a l change had 
thus c o m e t o the fore . 
, W o r k i n g w i t h , t h e 32 industries tha t had experienced posi t ive , residuals, 
regression analysis, was appl ied t o these '32' industries us ing r as''the dependent 
variable and using k, I and T i n t u r n as the independent variable. ' M u l t i p l e 
regression analysis was also t r i e d as w e l l as non- l inear fo rms o f the equat ion . N o 
signif icant parametr ic results w e r e de r ived b u t there'seemed g o o d reason fo r this 
to be the case. 

I t is a re la t ive ly uncompl i ca t ed mat te r t o relate l abour p r o d u c t i v i t y i m p r o v e 
ments t o technical change, b u t as indica ted earlier, ̂ technical'change' is measured 
as a residual i n the statistical procedures and its va lue tends t o reflect the influence 
o f a l l the factors n o t already accounted ' for i n the analysis. T h e p r o b a b i l i t y seems 
l o w then o f d i scover ing a.statistically signif icant causal l i n k be tween r a n d (say) k 
fo r these-32 industries. ;Each industry, does; o r does .'not go about the process o f 
i m p r o v i n g l abou r p r o d u c t i v i t y , and i f i t does, has â  m u l t i t u d e o f methods . w i t h 
w h i c h t o a ch i eve , i t . . I n , add i t i on , . t he p r o d u c t i o n processes;of,these industries as 
reflected i n the rvalue , o f a are different and the degree t o w h i c h increasing returns 
t o scale can be achieved depends again on ' the p r o d u c t i o n processes o f the i n d i v i d u a l 
indus t ry . Another p rocedure : .was ' therefore < sought . , w h i c h . i n v o l v e d b reak ing 
d o w n the sample o f sa^industries i n t o clusterings o f , indus t r ies ,where a selected 
g r o u p ;seemed_tQ ,have some c o m m o n vehic le T o r achiev ing , technical change. 
, Thejchosen m e t h o d was . to r ank j the 44 industries accord ing t o the, magn i tude 
o f r and t h e n t o r a n k t h e m again accord ing t o the m a g n i t u d e o f TP T h e rankings 
were then compared fo r each indus t ry . T h e p r e d o m i n a n t c lus ter ing was one i n 
w h i c h the rankings w e r e apart b y 10 o r less. A second cluster ing was o f those 
industries w h e r e the T r a n k i n g exceeded the r r a n k i n g b y rr iore than 10 and this 
was classified as the "R biased' ' group. T h e third c lus ter ing was o f those industries 
w h e r e the r r a n k i n g exceeded the X r a n k i n g i b y m o r e than 10 and this g r o u p i n g 
was called the "T biased" group.24 Industries w e r e then d i v i d e d i n t o the f o l l o w i n g 
g r o u p i n g s : , f ' 1 : . - , 1 . -.,'!;, ,yl 4 ,„„,,, _ , K . \ 0 „„..-, 1 

'•>' •' '• ' "t -: • i f.i ! . ' . ' -J. i l •-. . U I • '• I V . V ' . : » !., , . V ) ' . ( . ' < f ' 
R—T Group Positive Residuals/, R Biased^Group Positive ^T, Biased,Group Posi-

Residual tive Residual 

A n i m a l feeding stuffs, soft drinks, Clay, p r i n t i n g ^ disti l l ing, Fish, slaughter, fert i l i -
made-up textiles, cotton, jute, malting.^shirtsj '-women's ser metals, 
woollen, ' tanning?"wood,"'turhitare, ' 'clothing . 'bbGts anilshoes, ' ' " v ' : • ' • * > 
brooms, chemicals, paints, n o n - leather, Hosiery, soap, mis-
electrical machinery, electrical cellaneous clothing. 
fflachinery,pdtfeafy,\M6toi:'veMcle$»'-- •' • ! 1 ; . , u .< 1 ? '• .1 
paper. f n ; • 'JV o >n , :• •..•*nfj<i"»«',<',<; \. > -,•!'. : - i 'v , . , . | ; r , 
V ''>> 1 '• 'f>--,i-jll • } . ; \ - . • j<C. J L . r i V i j ! i ;< - j j lnyp ' i ; 1 t , fJu,r( • ; < \ "•.! 

•-23.Theprocedure wasrepeate^ ' , . . 1 , - . , r i . 
24. T h e procedures which wererepeated for- r and and r and? produced R-lt, k biased and JC 

biased tttegone^-l^.ji^^same 'principle was fbUo^ed lin Lclas'sirying !the results 61" the r and if 
analysk 1 The'results'of classification were ><> >• >: ><U'JT, 
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R-^-T^Group Negative 'Residuals R Biased Negative Residuals' T Biased Negative 
. • j • .. . . ^Residuals ^ (,.,. 

Fiour^ m i l l i n g , .sugar and sugar, N o n e r ' / " Brewing , * m i l k ' 4 n d 
confect., bread, t o b a c c o 7 V e n s „ . ' ' ' • ' m i i k products, veget-
c l o t h i n g ^ ' ' J ' , ! ' c ' „ " . " 1 - • » . a y e canning, bacori, 

•' ' : f , ' * I * ' ' ' 1 t ^ .>(*>'»'•• ; »^ '•• <- - - other* food, other 
' ' 1 ' ?- , ; ' ! * " * - " • vehicles,-i ; margar ine 

• • . etc. . > ' '> ' 
- " ~ p •-r* • > ' - , , • . I • ,;V- > ' » ' • • , 
(Similar^groups were derived from,the ranking of rand k and rand I) j \ . •'. *•> ; , , ;• 

'' • ' I ' l ' '". ' ' ' ' > , J . ' . , J it * f 

T h e T biased g r o u p has been la rge ly 'hand led i n the earlier discussion o f industries 
w i t h negat ive residuals. T h e fish, s laughter ing ' and fert i l iser industries are also 
i nc luded , h o w e v e r , and these'are indus t r i e s 'wh ich ' experienced 1 pos i t ive residuals 
b u t w h i c h also had substantial increases i n the v o l u m e o f the i r factors.- ' * 1 

M o s t a t t e n t i o n ' w i l l be focussed o r i the'"}?—-I -! g roup . 'The -pa r t i cu l a r q u a l i t y o f 
this g r o u p i n g is that there seems to* b e ' a "systematic re la t ionship between- ' the 
m a g n i t u d e o f ^ ' a n d . T l s u g g e s t i n g tha t the'process o f g r o w t h o f output 'seems t o 
be associated w i t h the e m b o d i m e n t o f technical change i n n e w and replacement 
capital and also i m p r o v e m e n t i n the q u a l i t y o f the l abour force. L inear regression 
analysis w i s ' t h e r e f o r e Used to seek o u t the nature o f the parametr ic relatio'hship 
be tween r and fe.aiid the data f o r the vj industries w i t h ' p o s i t i v e residuals 'were 
s u b m i t t e d - t o this statistical procedure . T h e f o l l o w i n g equat ion was f o u n d : 

• n r «-., r = _.' 26-H-44fe *' i r = '68 . ' ;.: \ "(C) 
l<- 'tl . . > ( - 7 ) ( - u ) - ' i " • j . ; r. , 

(ail the results were~ statistically signif icant at the I 'per cent l eve l except f o r the 
• , , ; • ' '• } ! '•' • " " " ' ' i n t e rcep t ) : :• • ' • ' ••••[ • 

- • • ! ••• •• .. v ' '! . 
These results indicate the p laus ib i l i ty o f asserting a relat ionship be tween . the 

m a g n i t u d e o f r and the g r o w t h o f the factors as reflected i n k. T h e same conclus ion 
f o l l o w e d w h e n a s imi la r equat ion-was set u p be tween r and T: 

, r = = - 0 9 + - 6 i T r=? -83 , . . (D) 
. ; ( - 3 6 ) ( • 1 0 ) • ; ; ; , • 

(all the results w e r e statistically s ignif icant at the i per cent l eve l except f o r the 
... . . i n t e r cep t ) . . • - < ' . . . . 

. " ' • 1 • . ' » . ' ' • • - ,.' 

A d d i n g i n / and us ing T as the dependent var iable seems t o . i m p r o v e the fit o f the 
equa t ion and thus T is the mos t appropr ia te var iable t o observe as i t includes 
i m p r o v e m e n t s i n the q u a l i t y o f the l abour force and scale factors i n exp la in ing 
the causes o f technical cnange. W i t h , e i t h e r k o r T as the dependent var iab le^ the 
l i m i t e d size o f the in tercept and its statistical insignif icance indicates t ha t ' t he 
achievement o f technical! change is l i n k e d d i r ec t ly t o the g r o w t h o f k o r k and I . , 



A w a r n i n g mus t be entered abou t the/use, o f these statistical results. .They;,are 
applicable o n l y t o the industries i n the g r o u p i n g arid t o the range o f values o f k-
(and T ) i nc luded fo r these industries. (Used b e y o n d tha t f r a m e w o r k results de r ived 
f r o m t h e m mus t be v i e w e d as unacceptable. , . v , , , . , . ,' i <,, , v.•, ; : . ! , ] 

L e t us t u r n t o the industries i n the R biased g r o u p ; T h i s smal l g r o u p i n g enjoyed 
the benefits o f technical change t o a larger degree than the R—T g r o u p i n g and 
thus either had the benefi t o f a larger in tercept and /or a h ighe r regression c o 
efficient. L e t us thus p e r f o r m the exper iments o f assuming a regression coefficient 
o f *6i and r ecompu te the intercept f o r each i ndus t ry and then assume the in tercept 
is g i v e n and re-estimate the va lue o f the regression-coefficient. T h e results are as 
f o l l o w s : ' ;, ' . . . " - ',(;.«-.- i ' ?. . . . . . - t > l J 

. . . / , • I , "" " I - '- 1 i . • ' ' - ' 4 . . i . W ! - ' i 

• .! i' , ;•/•• •<,, Regression,coeff. y<- Intercept (regression• } 

' ' } • } ; \ r • i ' [intercept = -09) , ! t , coeff, = u . 
, • i - ' • ";•••>• • • ' < . . " • • - " • " •' . ', i 

C l a y and cement , • , ., , . . .1-428 . • , ,t . . 3*0', . 
Pr in t ing , 1-765 2-1 
Dis t i l l ing io-ooo . , i -o . 
M a l t i n g , " , . 4-6 , - -
Shirts - ' : ' -I-666 • ' ' ' , f' V o ' - J " F ; 
W o m e n ' s c lothing . 1 ' / *' '"1*324' " ' " ''' ' • i«8 * i - * »• -
Boot s and shoes \ • » ' ">; '• * • i' - • 3-2 "• ~- .', 
Leather •> '•• 1*428 •"' > ' . ' . . 1*2 ' . '•>•" 
Hos iery . • • • . . - < , 1-129 . ' "•" ' ' 2*7 • . i 
Soap • • , . ' . 1 : 6 4 2 „ V . , 1*5 1 .... ,.-,•.» 
Miscel laneous c lothing , , . 1 1 *(","; \ a t , \ - ' • ,< 2.7 '1 J . ' T I 

*T values were negative ;and, thus-growth of,factors had noth ing to do w i t h , t h e 
magnitude o f r . . , .'. . / V ; ^ . > [ ; , . J . -,, . ,., , * ? ; . " ' , - , - • 

These results p u l l o u t a n u m b e r o f p robab le changes i n the process o f p r o d u c t i o n . 
I t seems clear tha t i n the case o f m a l t i n g , boots and shoes, miscellaneous c l o t h i n g 
w h e r e T is negat ive and i n the case o f d i s t i l l i ng w h e r e a regression coefficient o f 
io*o seems impossible the large m a g n i t u d e o f the residual can be a t t r ibu ted l a rge ly 
t o technical change-pmanagement improvemen t s , ' reorganisat ion o f p r o d u c t i o n , 
e t c . — w h i c h .is unre la ted to-jthe . level o f p r o d u c t i o n : O n e suspects also tha t this 
same k i n d o f t echn ica l , change i s i n opera t ion i n the o ther cases,too, w i t h , t h e 
possible except ion! o f hos iery w h e r e the , g r o w t h , j O f factors m a y have, been 
responsible f o r a greater degree o f techh icaLchange i than^was i n evidence* i n the 
case o f the R—T g r o u p . vy-ly*."t- ' . j 

Implications of the Analysis for the Role of Capital 
Analyses o f this k i n d seem t o d o w n g r a d e the ro le o f capital i n i m p r o v i n g l abou r 

p r o d u c t i v i t y ove r t i m e . ' T h e ' W o r k s o f S o l 6 w , J D e n i s 6 h a n d : Massell p r o v i d e d this 

D 
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i m p l i c a t i o n at the aggregate level and thisanalysis also seems to* d o t h e same for 
this"cross-section s tudy o f industries ' t h r o u g h t i m e . 2 5 • ' •." 

' H a v e w e pa id t o o m u c h a t ten t ion to capital i n the analysis o f the process o f 
industrialisation? T h e appropr ia te answer seems t o be that some o f o u r no t ions 
abo i l t the i m p a c t o f capital are overstated bu t , nevertheless, m a n y o f these not ions 
s t i l l ' s t and and other 'avenues o f analysis c o m e to t he ' fo re because o f studies o f 
t h i s k i n d . "• J . / ' • * V 

: W h a t 1 w e have s i m p l y s h o w n is t h a t ' i m p r o v e d labour p r o d u c t i v i t y is l i nked ' 
m o r e t o technical change than t o h ighe r capital to l abour ratios. W e are n o t saying, 
h o w e v e r / that' d i f fe r ing 'capi ta l to l abour ratios across industries at a m o m e n t o f 
t i m e m a y n o t he lp t o exp la in different levels o f l abour p r o d u c t i v i t y i n these 
i n d i v i d u a l industries: I n the case o f 40 manufac tu r ing industries i n 1967, f o r 
example , Kendal l ' s T a u be tween the average p r o d u c t i v i t y o f l abour and the 
capital t o l abour ra t io was statistically signif icant at a value o f ' 5 2 (see Tab le 4 A 
fo r basic da ta ) . 2 6 N o r are w e saying that capital is u n i m p o r t a n t f o r the g r o w t h o f 
o u t p u t i n i n d i v i d u a l industries. For these 44 industries the u n w e i g h t e d mean o f 
capital 's c o n t r i b u t i o n t o the g r o w t h o f o u t p u t was 40 per cent. F ina l ly , w e are n o t 
suggesting tha t the behav iour o f the average and m a r g i n a l p roduc t iv i t i e s o f 
capi ta l (and cor respond ing ly the average and m a r g i n a l capital to o u t p u t ratios) 
is u n i m p o r t a n t . T h i s s tudy suggests tha t i n the p e r i o d 1953-1967, ,the average 
p r o d u c t i v i t y o f capi ta l appears t o have fallen i n 28 o f the 44 industries and the 
p o l i c y m a k e r has t o take account o f this i n p l a n n i n g decisions. 

T h e n e w ro le f o r capi tal , o f course, is as an agent fo r t r ansmi t t i ng technical 
change i n t o the p r o d u c t i o n process. T h i s enables capital to p lay a greater ind i rec t 
r o l e ' i n i m p r o v i n g l abour p r o d u c t i v i t y even t h o u g h the direct ro le ends u p be ing 
smaller than has of ten been t h o u g h t . O t h e r means o f b r i n g i n g about technical 
chari'g'e*"afe1 also ' c lear ly- in ' evidence and the major ' ins ight f r o m this k i n d o f 
analysis is n o t t o i g n o r e the ro le o f capital b u t t o g ive m o r e w e i g h t t o unde r 
s tanding h o w organisat ional and managerial i m p r o v e m e n t s and h u m a n invest
m e n t influence the process o f p r o d u c t i o n . . - ' . , M : . . . • . ' 
• (v i i - - ' . '•[ , • ' . • ' i 

Conclusions •> '• <!* "J "'-f ' ' ' > ' • ' > ' • ' ' ! 

'% l^ the ' r w o r U ' i ' s ' c learly ' i n ' 'order o n the* quest ion o f w h a t determines l abour 
p r o d u c t i v i t y i m p r o v e m e n t s . ! T h e ' analysis o f ' t h e causes' o f technical change 
p r o d u c e d satisfying results b u t indica ted the need f o r fur ther research. I n this 
respect, the c o n v i c t i o n ' e m e r g e d f r o m this s tudy that the 'd ivergence be tween the 
experiences o f i n d i v i d u a l - industr ies r ega rd ing technical change suggests an 
emphasis o n i n d i v i d u a l i n d u s t r y studies rather than 'cross-sect ion analyses o f 
industr ies . i . ' < • . . . 

I n general , the findings are consistent also w i t h the V e r d o o r n equat ion . T h e 
I '• ; ; ; \ •' ' ' ••• ; ;. 

- 25. rSeealsq A . K . Cairhcross [3] Pp. i i i - 1 1 4 arid other references there. ' '<; 
; 26 .I t is;also o f interest that Kendall's T a u between' a and the capital to labour ratio was statistic? 

ally significant at the 1 per cent level at a value o f :694.' 



i m p r o v e m e n t o f l abour p r o d u c t i v i t y as o u t p u t g r o w s is n o w unders tood i n terms 
o f i nduced technical change and also o f increasing returns t o scale for. the m a j o r i t y 
o f these industries w i t h pos i t ive residuals. W e no ted , o f course,- that there also 
appeared t o have been some i m p o r t a n t "exceptions w h e r e technical"change was 
unrelated t o the rate o f change o f o u t p u t and also some w h e r e technical change 
was h i g h l y l i m i t e d i n its effects. Nevertheless, b o t h this and the K e n n e d y essay 
lean to . a degree o n cross-section analyses and fur ther ins igh t can p r o b a b l y c o m e 
f r o m detailed examinat ions o f t i m e series fo r i n d i v i d u a l industries. 

Needless t o say, the d i s t o r t i n g effects o f some o f the inevi table app rox ima t ions 
i n statistical procedures m a y have been missed and technical k n o w l e d g e — w h i c h 
this w r i t e r cud n o t h a v e - H ) f the operations o f i n d i v i d u a l industries c o u l d have 
enr iched fur ther the in te rp re ta t ion o f the results. B u t confidence can be p u t i n the 
pa t te rn o f change and the causes o f t h e m that have been iden t i f i ed and analysed 
i n this 'essay. I t is h o p e d tha t the essay w i l l spur o n fur ther research i n this area 
and encourage the re-evaluat ion o f "pol icy preconceptions r ega rd ing the process 
o f indust r ia l i sa t ion . 

Bryn Mawr College t- < .' _ " ' 

T A B L E I A : Basic Industry Data: Output, Capital and Labour Growth Rates and Values. 

Industry k / in 1964 

Margarine etc. •8 ™ 3 - 8 - . w —•4 ---5.5-5 
Slaughtering o f livestock ' io-8 • , r « I P 7 . -i • ) .77 -1 . -328 
Flour mills — I - I ; - * -369 
A n i m a l feeding stuffs 5-5 5-9 .- „ 2,-q •206 
Sugar and sugar confectionery 1-0 4-8 — 7 •237 
Fish 15-7 14-8 I I - I •241 
Bread —•2 

•1 < 4 ' ° . — 7 •275 , 
Bacon 1-8 1 

' 1 5-8 2-3 •166 1 

Vegetable canning 2-5' 6-5 2-7 •142 
M i l k and m i l k products 5-5 - 9-2 3-8 •194 
Other f o o d 5 • ' 6-7 I i - j \ ' 5-8 •241 
Brewing -7 6 - 0 ' ' •5 •612 
Soft drinks 5-1 6-4 •1 • •523 
Dis t i l l ing 1-2 i ' 4 — i-o . , ' . '4 69 
Tobacco — 7 4-2 —1-0 ., -491 
Mal t ing 2-7 •1 ' , - 3 - 6 ' - V - -354 ' 
Made-up textiles 7'3 1-7 3-5 •327 
Cot ton , l inen etc. 7-7 7-2 2-2 •342 
Jute 6-1 5-7 2-3 •276 
W o o l l e n 4-8 4-1 1-8 •245 
Tanning 2-2 •5'3 — 3 •355 
Shirts 4'9 5-6 ' ' • -205 -• 
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TABLE: i k i ( t on t inued) on - i r v o r ; >».-. • ' •<•: R o r >;? rwoi f l " i 

^•!'-: '•• ri Industry,->0 i^-../ •',/ . r-rrf^ i fe ' \ i ,/> . ' ; in I904V, 
/ v ^ ' { I n i - W / i ' ,/• .).:") 71 TJO-ixr, ' .<•" • ^ ~ ! ^ - ' n ; , . 
Women is clothing , , , 5"9 , 7'0 i-2. - 2 3 7 ' 
Boots and shoes . t . , , , J 3 - i - , 3 - 0 , -242 
Leather products " 3-5 " —-3 2-7-' 1 > 4 1 -242 " 
Hosiery ; ' , > r ' " " t " : ; << 1 V 1 1 ' - " I ; 6 - 9 ' ! \ ' '7 ;4 .' " " i - 6 - ^ - ^ 2 4 1 ' " ' 
Men's clothing-' , " J ' / " | ' •' *•-•>'';*'•—:o_ v - t ' i-o"' r - ' ' ' — - 6 ' 1 - 1";'i72 •' 
Miscellane'dus";clothihg ">' ' ' • *'• *>«»'v 2-4 J ~tS'— 4 - 7 " ' ' - V * 0 1 ' ' ' •173 
Wood- - ^ r ' <(' / 3 » ra-3-f -•/'• 4-4- . / > I , . T T I - 8 ^ L-:>!T'475 
Fufniturc <*> u- ! »,'>rv i . I :<• ;jr'2*5' 5 J«.4'7 "«> r' • • -n'iyb "j-a •294-
Brushes andrbrooms'i'jo. r r , 1-f'i . . ' ^ , ••• •< ! , 7 - 6 ; ^ , ,*i\6 . ' n u l L » ' . 2 9 4 ^ 
Fertiliser- hrr- kf>rj.<! T; .r.r. r . J i ' 2 , , K , 2 9 - 0 , r , i ; , 5 : 4 , , ' / » ( -557,, . 
Chemicals • , . . / , . . K , . - , : T ( ; R ; ! . . , , ( V 1 ( , _ 13:3 ^ . ,,9*7 ( , ,5 :4' ,".510 | 
Paints, ouVetc. . -^ . M a K / t ) . , r r n \ - j j t 2 - 2 ^ ; „ 2-6 ^ ; ., „ i - ^ 1 ;4?8; ,.. 
Soap ' 3-8 3-7 "3 "'1 .,,;343.-
Pottery \ 6-5 6-2 ' i-6 ' -558 ' 
Clay and Cement 8-6 5-5 3-3 -316 
Non-electrical machinery 8-4 1172 '3-3' ' -368 1 

Electrical machinery I4 '5 i i ' 5 8-o -318 
Metals 1 8-6 8-2 3-6 -274 
Motor vehicles ' >:-> • ' '• "> 5-1 ! ) " 4-2 , " V 3-r ' . :r - -044 ^ 
Other vehicles .- , . f — - - 2 - 5 9-2. . -..4-4 - - • 0 4 4 -
Paper .1 \ ', •< 7-5 • 6-2 , , 1-9 -363 
Printing • - . - 4 - 8 . . . . . . . 3-7 _ i.-o - -247 -

Sources: Ireland, Central Statistics Office, Input-output Tables for 1964: Unpublished1 

and unofficial capital, labour and output series compiled by Mr. Eamon Henry, Central 
Statistics Officei JDublin. '">• • " - • 

r 1 ( " Productivity 'A 

, • Industry 1 a ( f c - 0 Adjustment ' a ( V - /) ••' 

Margarine etc. ,. < , l S 

Slaughter D . 
Flour mills* .., .» 
Animal feeding stuffs* . 
Sugar and sugar confect. -., 
Fisn* . , - ••• -
Bread . ; ~.-( 

Bacon v. , , j 
Vegetable canning 
Mi lk and milk products ,.-1 

2 '3 
1-3 
1-6 

•8 

1-3 
•9 

i'3 
•6 
•5 

C ! 1 - 1 

•1 
•1 
•1 
•2 
•6 
•7 
•2 
•1 
•8 
•9 

i t r ' 1 . 

• I - V , - Y . ( ' 

I;P> ;*.'.:/ 
-» ^'.".i-i 'lv 

- , n J ' 6 . ,:./. 

,•7; „.-;• 

2 , ° » l i l l V 
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(." Industry "• ~~ ' 3 : •• a(k — t)- : -Adjustment -', aik-j) 

Other food .•* • •9 • -,c.2-3i„,V. 
B r e w i n g 3-2 • I ,>ni"- 3'3 uu^ 
Soft drinks ,L , 4 3'4- - —3 
Dis t i l l ing •• i 1-2- 111',. .<•!"' 
Tobacco • - v • 2-5 , —•2,v J }<;; 

: ( ^2-3.:;^ 
M a l t i n g <-i < .• •)• 1-4- •3 i-7 i ^ i 
Made-up textiles , • • >' —3 : • I —>•>: 1 
Cot ton , l inen etc. r 1-6 ;. o-o 1-6 {•! 
Jute ; >•. r, I-3", •3 yt'.i-
W o o l l e n •8-, -
Tanning , - < • 2'0 • •2 ,2-2 > ; ( ) 
Shirts , : •9, 2 
Women ' s clothing . ' 1-4-r — • I "3 
Boots and shoes i - i - —5 • • -6 f-»a« 
Leather products V — 8 - - •5 —i:3Hos 
Hosiery I-5V •2 -I-.7-!. 
Men's c lo th ing . •3-< — i r „ -;;--2",.. 
Miscellaneous clothing - • 9 "•..:177;7.'. 
W o o d ,) , 3-0- •4 3'4 .t 
Furniture* ( t • ' I -3- o-o I 1-3 : .V 
Brushes and brooms* o-o vl-7 ' .»;l ' 
Fertiliser t - 8-1 • -.. - 2 - 7 5-4 «rV. 
Chemicals ( - ; 2-1 . - •5 y i j ^ ' , 2 -6 ,// 
Paints, oils etc.- •6 — i •! Lo . -5 . ,Ji 
Soap 1-2 i — I /»-,v,X.", - I * 1 . ' ' 
Pottery -•; .-? 2-0 2 •I-8..V ' 
Clay and cement ,'" -7'. - —5 ; . f , ' "2 ..V. 
Non-electrical machinery • 3-o<, ' - 6 / . . , ; - -
Electrical machinery 1-2 • - • i i:3 u / / ' 
Metals <•• • i 1-2 . • i 
M o t o r vehicles - r • • • I . - .. — i V. ',- ,o-o, -, . 
Other vehicles- yr_ -2- o-o .-2 . • 
Paper f ? (y-. 1-6 r •2 •, .1-8,.'/' 
Print ing • 7 0-0 -

'' Sdwrces: Input-output Table for ig64 and ( i ) Statistical Abstract of Ireland, (2) Irish Trade 
Journal and Statistical Bulletin (or Irish'Statistical Bulletin i n later years)—various issues. 

i V * A n i m a l feeding stuffs'and flour mills were viewed as one category, i n the published 
data, and so the sign o f this adjustment may not be i n order for both o f these industries. 
Fish was included i n other food and furniture and brooms and brushes were^also v iewed 
as (one industry, i n the published data.,Thus i n each o f these industries,the 1 sign o f the 
adjustment and its percentage magnitude may .be only a crude approximation for 
each o f these,industries.,. v . ' . . . • "., 
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T A B L E 3 A : (x) Capital Productivity Improvements, (2) Increase in Labour Productivity and 
B - : i ! ' w f c - - ! s - - ' - r B . . j - i ! r : ; ^ r ^ ( l ( l i e ( | ( of-Responsibility for Them - • 

. I Industry _ 

M a r g a r i n e etc. i 
S laughtering 
F l o u r mil ls r j 
A n i m a l feeding stuffs • 
Sugar a n d sugar confect. 
F i s h 1 

B r e a d 
B a c o n 
Vegetable cann ing i. 
M i l k and m i l k products 
O t h e r food • j 
B r e w i n g 
Soft dr inks 
Dis t i l l ing ! 
T o b a c c o 
M a l t i n g 1 
M a d e - u p textiles I 
C o t t o n , l inen etc. 
Jute .. 
W o o l l e n 
T a n n i n g 
Shirts' - . 1 

W o m e n ' s c lothing "' 
Boot s a n d shoes ] 
Leather products 
H o s i e r y • 
Men's 1 c lothing 
Miscel laneous c lothing 
W o o d , 
Furn i ture 
B r o o m s and brushes ' 
Ferti l iser ' ' ; 
C h e m i c a l s 
Paints , oils etc. !

 [ 

Soap - 'i 
P o t t e r y * ' 

. C l a y a n d cement , | 
Non-e lec tr ica l mach inery 
E l e c t r i c a l m a c h i n e r y : 

' Metals , ' ", , f 
M o t o r vehicles 
O t h e r v e h i c l e s 1 1 4 f ' 
Paper 1 ' " ' ' ! ' ' 
P r i n t i n g 

Source: B a s i c data der ived . f rom tables i A and 2 A . 

y — k y - l « * ( * - 0 1 %r 

- 3 - 0 ' 1-2 2-4 — 1-2 — IOO-O' 

— 9 3-1 1-4 1-7 • 54-85 
- 3 - o i-s 1-7 —•2 - — 13*3 

— 4 3-5 i-o 2*5 . 71-4 
- 3 - 8 1-7 1-9 — 2 • — H - 7 

•9" 4-6 1-6 3-0 65-2 

- 4 - 2 •5 1-5 —i-o , —200-0 
- 4 - o — 5 •7 — 1 - 2 " — 140-0 

- 4 - 0 " -—2 1-3 — i - 5 - 7 5 0 - 0 

- 3 - y 1-7 2-0 — 3 —17-6 

- 4 - 8 . •9 2-3 - i - 4 - 1 5 5 - 5 

— 5*3* •2 3'3 - 3 - 1 - 1 5 5 - 0 

- i - 3 5-0 3-1 i ' 9 38-0 

—•2 2-2 I T I T 50-0 

- 4 - 9 ' - •3 2-3 — 2-0 - 6 6 6 - 6 

- 6 - 3 6-3 1-7 4-6 ' 73-0 
5-6 3-8 —•2 4-0 105-2! 

•5 5-5 1-6 3-9 70-9 

•4- 3-8 1-6 2-2 5 7 9 

•T 3-0 I T 1-9 63-3 
- 3 - 1 2-5 2'2 •3 12-0 

— 7 3-8 •7 3-1 8 i - 7 

— I T 4-7 1*3 3-5 74-4 

— 5 ' 3-8 •6 3-2 . 84-2 

3-8 •8 - 1 - 3 2 T 262-5 

— 5 5-3 1-7 3-6 67*9' 
- 2 - 9 — 3 •2 - ' 5 - . - 1 6 6 - 6 

7 ' i 2-0 — 7 " " 2-7 - 1 3 5 - 0 
— 2 T ! 4-1 3-4 - 7 17-1 
— 2'2 2'3 i-3 i-o 43*5 
— 2*2- 3-8 1-7 2 T ' • ' 55*2 
- 8 - 8 5-8 5-4 •4 6-9 

3-6 7 9 2-6 5*3 67-1 

— 4 •8 •5 •3 ' 37-5 
- . j - - • - 3*5 — I T • 2-4 68-5 

• <:\.-'l • 3*9 • I - 8 ' • • 2 T - . 53*8 
,3-1 . • 5'3 ;2 i 5-1 ' ' 96-2 

- 2 - 8 ,5-i . 2-4 -2-7 52-9 
3-0 6-s 1-3 5-2 8o-o 

•4 5-0 "• .1-3 ' ' 1-7 " 34-0 

' '9 2-0 '. . -o 2-0 ioo-o 

- 6 - 7 • —1-9 • -2 - 2 T •' —116-5 

1-5 ' ' 5-6 - ' ' i - 8 v ' • 3 - 8 ' ""' "67-8 
I T 3-8 •7 " 3-1 • 8 i -6 



T A B L E 4 A : Output per unit of Labour and Capital.per Unit of Labour for 40 Manufacturing 
Industries in 1967 

. - . • . - ..... ;.. . . . . . . .<,-.•.:.. ... i . .1 i ; 

• Industry 1 
a « 

Brewing . . 2 , 3 3 5 ' 3,529 * • . • -612 ' 
Margarine etc. ' 2,485 .1,864- • 1 •555 l* • 
Soft drinks 1,198 1.317 •523 I , 
Fertiliser 2,312 • '5,552 , l \ , -557 ' ' 
Chemicals ' 2,728 . 1,785 ' ' -5 io ' , , 
Pottery 1,032 1,130 v •558 '" 3 : 

Distilling 1,583 • ,.2,412 , ! ; "469. ' (.,' 
Tobacco , 1 • 436 > • 1,595 '•• -491'. . ' 
Wood 887 1; 1,082 •475 . ! ; 
Paints etc. -< 1,675 1,884 • . -498-^ 
Slaughter 1,666 - 996 ;328 ' 
Flour mills 1,178 2,409 .; ! 369 - ' 
Malting 1,112 L 3 8 7 , ' 3 5 4 , ; l > 

, - 3 i 6 : ' , 

' • . - 3 4 2 . - , • 

Clay and cement 2,355 3,123 

' 3 5 4 , ; l > 

, - 3 i 6 : ' , 

' • . - 3 4 2 . - , • Cotton etc. 707 ' '" * 931 ; 

' 3 5 4 , ; l > 

, - 3 i 6 : ' , 

' • . - 3 4 2 . - , • 
Tanning • 1,110 1,404 . '355' '<' 
Paper 951 982 , „ -363 . 
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 529 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 998 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. 984 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 ig68. 
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