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Precis: In a recent study Katsiaouni (1979) presented, amongst other things, estimates of the trend 
rate of growth of labour productivity in manufacturing between 1953 and 1973. In this note we 
re-examine this aspect of Katsiaouni's work and demonstrate that his choice of sub-periods was 
inappropriate from the statistical viewpoint. In addition, we present alternative estimates based on the 
correct sub-division. 

I N T R O D U C T I O N 

In a r ecen t s t u d y o f t he r e l a t i o n s h i p b e t w e e n o u t p u t , e m p l o y m e n t a n d 
p r o d u c t i v i t y , K a t s i a o u n i ( 1 9 7 9 ) , u p d a t i n g some aspects o f t he ear l ie r 

w o r k o f K e n n e d y ( 1 9 7 1 ) , presents , amongs t o t h e r t h ings , es t imates o f t he 
t r e n d ra te o f g r o w t h o f l a b o u r p r o d u c t i v i t y i n the I r i s h m a n u f a c t u r i n g sector 
b e t w e e n 1 9 5 3 - 7 3 . T h e purpose o f th i s n o t e is t o p resen t some a l t e rna t i ve 
results w h i c h suggest t h a t K a t s i a o u n i ' s chosen d i v i s i o n o f h is t o t a l s t u d y 
p e r i o d i n t o sub-per iods was i n a p p r o p r i a t e f r o m the s ta t i s t i ca l v i e w p o i n t . I n 
a d d i t i o n , w e s h o w t h a t w h e n one makes the c o r r e c t s u b - d i v i s i o n , t he t r e n d 
ra te o f g r o w t h o f l a b o u r p r o d u c t i v i t y t u r n s o u t t o be l o w e r t h a n suggested 
b y K a t s i a o u n i ' s results d u r i n g b o t h t he ear ly a n d l a t e r par ts o f t he t o t a l 
p e r i o d . 

Alternative Methods of Estimation 
There are t w o m e t h o d s w h i c h are c o m m o n l y e m p l o y e d i n t he e s t i m a t i o n 

o f t r e n d rates o f g r o w t h ; f i r s t , there is t he so ca l l ed " t r e n d t h r o u g h e n d 
p o i n t s m e t h o d " (e.g., Jones , 1 9 7 6 ; K e n n e d y and D o w l i n g , 1 9 7 5 ) a n d 
second, there is t he regression m e t h o d ( O E C D , 1 9 7 0 ) . 

T h e f i r s t m e t h o d , w h i c h is s t r i c t l y app l i cab le o n l y i n cases w h e r e n e i t h e r 
the f i r s t n o r the last o b s e r v a t i o n is a b n o r m a l i n r e l a t i o n t o the i n t e r v e n i n g 

*The authors are indebted to R. C . Geary, B. M. Walsh, P. Mooney ( E S R I ) ; D. Greenaway (University 
College Buckingham) and to two anonymous referees for their helpful comments on an earlier version. 



ones, relies e x c l u s i v e l y o n the f i r s t a n d last observa t ions o f the da ta set a n d 

invo lves c a l c u l a t i n g the c o n s t a n t p r o p o r t i o n a l rate o f g r o w t h t h a t w o u l d 

t ake the observed series f r o m i ts i n i t i a l t o i t s f i n a l va lue . 

U n d e r t he second m e t h o d , one assumes c o n t i n u o u s g r o w t h i n t h e var iab le 

i n q u e s t i o n (say P) at a c o n s t a n t p r o p o r t i o n a l ra te o f lOOr per cen t w h i c h 

gives, i n t h e usua l n o t a t i o n , 

w h e r e a = l n P Q . A n es t imate o f t he t r e n d ra te o f g r o w t h (say f ) is t h e n 
o b t a i n e d , a f ter m a k i n g the usual sorts o f a s sumpt ions r ega rd ing the s tochas t ic 
p r o p e r t i e s o f t he d i s tu rbance t e r m u t , b y f i t t i n g m o d e l (1 ) t o the da ta us ing 
least squares regression t echn iques . 

T h e s ta t i s t i ca l p r o p e r t i e s o f these t w o a l t e rna t ive es t imates o f t r e n d 
g r o w t h rates have been e x a m i n e d b y Gea ry ( 1 9 7 2 ) , w h o d e m o n s t r a t e d t h a t 
w h i l e b o t h m e t h o d s y i e l d unbiased es t imates , those o b t a i n e d b y t he regression 
m e t h o d are m o r e efficient.1 A second advantage o f the regression a p p r o a c h 
is t h a t i t a l l o w s one t o e m p l o y t he va r ious tests associated w i t h e c o n o m e t r i c 
analysis , i n c l u d i n g tests f o r s t r u c t u r a l s t a b i l i t y — an issue o f p a r t i c u l a r 
i m p o r t a n c e i n t he p resen t c o n t e x t , since b o t h o f the m e t h o d s desc r ibed 
above assume t h a t the u n d e r l y i n g t r e n d rate o f g r o w t h remains c o n s t a n t over 
t he p e r i o d u n d e r s t u d y . 

Table 1: Average annual growth rates of output per man-hour in manufacturing 

Pt = Po • e " 
( w h e r e P G denotes the va lue i n the base p e r i o d ) 

f r o m w h i c h w e o b t a i n , a f te r a d d i n g a d i s tu rbance t e r m u t , 

l n P t = a + r t + u t , t = 1 , 2 , . . . n (1 ) 

Period Growth rate (per cent) 

1953-73 
1953-64 
1964-73 

3.82 
2.89 
4.94 

Source: Kats iaouni (1979 , p. 18) . 

1. In particular, Geary (1972) demonstrated that the efficiency of the regression estimate relative to 
the end points one is, for large values of n (the number of observations), approximately n/6. 



Alternative Estimates of the Trend Growth Rate of Productivity in Ireland 

T a b l e 1 r ep roduces K a t s i a o u n i ' s es t imates o f the" t r e n d g r o w t h ra te o f 
p r o d u c t i v i t y ( d e f i n e d as o u t p u t per m a n - h o u r ) i n m a n u f a c t u r i n g f o r his t o t a l 
s t u d y p e r i o d 1953-73 and f o r his t w o chosen sub-per iods , the d i v i d i n g p o i n t 
b e t w e e n w h i c h is 1 9 6 4 . I n o r d e r t o achieve m a x i m u m c o m p a r a b i l i t y w i t h 
ear l ier s tudies , K a t s i a o u n i ( 1 9 7 9 , p . 12) a d o p t e d t he e n d p o i n t s m e t h o d s o f 
e s t i m a t i o n b u t he gave n o e x p l a n a t i o n f o r his p a r t i c u l a r cho ice o f o f sub-
p e r i o d s . 2 

Table 2: Regression esimates of annual growth rate of output per man-hour in 
manufacturing, 1953-73 

Equation no. 
Dependent 

variable 
Estimated coefficient 

of time R2 D-W 

2.1 l n P t 

(r) 
0 .038128* 

(28 .337) 
0 .9769* 0 .3369 

2.2 l n P t 
0 .37116* 

(10 .869) 

0 .9962* 1.3131 

Note: Figures in parenthesis are 't' values and an asterisk denotes a coefficient w h i c h is 
significantly different from zero at the 1 per cent level. 

T a b l e 2 sets o u t a l t e rna t ive es t imates t h a t we re o b t a i n e d b y a p p l i c a t i o n o f 
t he regression m e t h o d t o a da ta series t h a t was c o n s t r u c t e d f r o m the same 
sources a n d a c c o r d i n g t o t he same m e t h o d s t h a t we re used b y K a t s i a o u n i . 
T h i s series is s h o w n i n l o g f o r m i n F igu re 1 , t oge the r w i t h the t r e n d l ines 
p r e d i c t e d b y K a t s i a o u n i ' s es t imates f o r each o f his t w o chosen sub-per iods . 
A s can be seen f r o m e q u a t i o n 2 . 1 , w h i c h was o b t a i n e d b y o r d i n a r y least 
squares, t h e e s t i m a t e d g r o w t h ra te o b t a i n e d f o r the c o m p l e t e p e r i o d 1953 -73 
d i f fe r s l i t t l e f r o m t h a t o b t a i n e d b y t he e n d p o i n t s m e t h o d , b e i n g 3 . 8 1 2 8 per 
cen t as o p p o s e d t o 3 .82 per cen t per a n n u m . H o w e v e r , t he D u r b i n - W a t s o n 
s ta t i s t ic associated w i t h th i s e q u a t i o n is u n s a t i s f a c t o r i l y l o w . 3 I n t he c o n t e x t 
o f the present t y p e o f analysis , l o w D u r b i n - W a t s o n values are some t imes 
i n t e r p r e t e d as suggest ing the presence o f s i gn i f i c an t c y c l i c a l f l u c t u a t i o n s i n 
p r o d u c t i v i t y a b o u t the e s t i m a t e d t r e n d (e.g., O E C D , 1 9 7 0 , p p . 2 2 1 - 4 ) . 
H o w e v e r , a l o w D u r b i n - W a t s o n value m i g h t a l t e r n a t i v e l y be i n t e r p r e t e d as 

2. Notice that Katsiaouni's choice and construction of sub-periods does not even yield sub-periods of 
equal length. 

3. To guard against the possibility of a specification bias arising because of the omission of a relevant 
explanatory variable which is non-orthogonal with respect to time, experiments were conducted in 
which a variety of additional plausible independent variables (including unemployment variables as 
proxies for demand pressure) were added to specification (1). However, in no case did we find 
anything other than very minor variations in the estimated slope coefficient. For a detailed discussion 
of this methodology, see O E C D (1970, pp. 232-4). 





suggest ing t h a t a s imp le l i nea r r e l a t i o n " f i t t e d t o t he c o m p l e t e p e r i o d is an 
i n a p p r o p r i a t e s p e c i f i c a t i o n because o f t he occu r r ence o f a s t r u c t u r a l s h i f t 
o r shif ts d u r i n g t h e p e r i o d . We cons ide r th i s p o s s i b i l i t y i n some d e p t h i n 
t he f o l l o w i n g s ec t i on . 

I n v i e w o f th is c o m p u t e d D u r b i n - W a t s o n s ta t i s t i c , e q u a t i o n 2-1 was re-
e s t i m a t e d u s ing t he C o c h r a n e - O r c u t t ( 1 9 4 9 ) i t e r a t i v e p r o c e d u r e ( f o r a f u l l 
d i scuss ion o f th i s m e t h o d see, f o r e x a m p l e , J o h n s t o n , 1 9 7 2 , p p . 2 6 1 - 2 6 3 ) 
a n d t he resul ts t hus o b t a i n e d are r e p o r t e d i n E q u a t i o n 2 . 2 . I n th i s e q u a t i o n 
w e are u n a b l e t o re jec t t h e n u l l h y p o t h e s i s o f ze ro f i r s t -o rde r a u t o c o r r e l a t i o n 
at t he 1 pe r cen t l eve l a n d as can be seen f r o m the e s t i m a t e d va lue o f t he 
slope c o e f f i c i e n t , th i s e q u a t i o n i m p l i e s a g r o w t h ra te o f 3 . 7 1 1 6 pe r a n n u m , 
w h i c h is s l i g h t l y l o w e r t h a n i t s o r d i n a r y least squares a n d end -po in t s c o u n t e r ­
pa r t s . 

Structural Stability 
T h e p o s s i b i l i t y t h a t e c o n o m i c variables m a y some t imes be c o n n e c t e d b y 

l inea r r e l a t i onsh ips w h i c h have the p r o p e r t y t h a t t he parameters o f t he 
r e l a t i o n are subjec t t o change has been been w i d e l y discussed i n r ecen t 
e c o n o m e t r i c l i t e r a t u r e . I n t he c o n t e x t o f the presen t so r t o f analysis , i t m a y 
w e l l be t h e case t h a t t he paramete rs o f t he sys t em ( i . e . , t he t r e n d ra te o f 
g r o w t h o f t h e var iab le i n q u e s t i o n a n d t he i n t e r c e p t o f t he r e l a t i o n ) d i d n o t , 
i n f a c t , r e m a i n u n c h a n g e d over t he c o m p l e t e s t u d y p e r i o d . C o n s e q u e n t l y , 
w h e n a t t e m p t i n g t o measure t he parameters o f such a sys t em b y t he use o f 
c o n s t a n t pa r ame te r m e t h o d s l i k e those desc r ibed above , i t is necessary f i r s t , 
t o e s t ima te a n y p o i n t ( o r p o i n t s ) i n t i m e a t w h i c h a s w i t c h f r o m one set o f 
p a r a m e t e r values ( o r r eg ime) t o a n o t h e r o c c u r r e d a n d s e c o n d l y , i f such 
p o i n t s are f o u n d t o ex i s t , t o d i v i d e one's da ta set a b o u t such p o i n t s , so as t o 
o b t a i n sub-per iods t o w h i c h these m e t h o d s a p p l y . Such s ta t i s t i ca l cons idera­
t i o n s d o not appear t o have i n f l u e n c e d K a t s i a o u n i ' s c h o i c e o f sub-per iods . 

T h e p r o b l e m o f e s t i m a t i n g t he pa ramete r s o f systems o b e y i n g a n u m b e r o f 
separate regimes has been cons ide red w i t h i n a regression f r a m e w o r k b y 
va r ious w r i t e r s (see G o l d f e l d and Q u a n d t , 1 9 7 3 f o r a su rvey ) a n d i n p a r t i c u ­
la r , Q u a n d t ( 1 9 5 8 ) has devised a m a x i m u m l i k e l i h o o d m e t h o d f o r e s t i m a t i n g 
t he l o c a t i o n o f the p o i n t o r p o i n t s a t w h i c h a s w i t c h f r o m one reg ime t o 
a n o t h e r o c c u r s . 4 I n o r d e r t o i l l u s t r a t e Q u a n d t ' s m e t h o d , cons ide r t he s imp le 
case w h e r e t w o t r u e r e l a t i ons generate a t o t a l o f n observa t ions over t i m e , 
a n d assume t h a t t he f i r s t n Q observa t ions are genera ted b y the f i r s t r e l a t i o n 
a n d t he r e m a i n i n g ( n — n Q ) b y the second one . Such a sy s t em m a y be 
w r i t t e n as f o l l o w s : 

y t = a , + ( 3 1 x t + u l t , w h e r e K t < n 0 ( 2 ) 

y t = cx2 + | 3 2 x t + u 2 t , w h e r e n Q < t < n ( 3 ) 



I f t h e p o i n t t = n Q a t w h i c h t h e s w i t c h b e t w e e n r e l a t i onsh ips ( 2 ) a n d ( 3 ) 
occurs were k n o w n , t h e n one w o u l d s i m p l y f i t a separate regression e q u a t i o n 
t o each r e g i m e : b u t i f , as f r e q u e n t l y occurs i n p r a c t i c e , n Q we re n o t k n o w n 
t h e i n v e s t i g a t o r has t o es t imate i t s l o c a t i o n . Q u a n d t ' s m e t h o d o f e s t i m a t i n g 
t h e s w i t c h i n g p o i n t n Q is based o n t he a s s u m p t i o n t h a t t he d i s tu rbance t e rms 
U j a n d u 2 are i n d e p e n d e n t l y a n d n o r m a l l y d i s t r i b u t e d a n d requi res us t o 
evaluate t h e f o l l o w i n g l o g l i k e l i h o o d f u n c t i o n f o r a l l possible values o f n Q 

a n d t h e n select as t he m a x i m u m l i k e l i h o o d es t ima te o f n Q t h a t va lue a t 
w h i c h t h e f u n c t i o n is m a x i m i s e d 

l o g L = — n logy/ 211 — n G l o g d t — ( n n o ) l o g a2 - - ( 4 ) 

w h e r e & t 

" « e l t

2 

2 — 
i = i n Q 

V4 

-2 j 

i = n 0

+ 1 ( n - n Q ) 

a n d w h e r e t he e,'s d e n o t e residuals a b o u t an o r d i n a r y least squares regression 
f i t t e d t o t h e f i r s t n G observa t ions a n d t he e 2 ' s deno t e t he residuals a b o u t a 
regression f i t t e d t o t h e r e m a i n i n g observa t ions . T h e above s w i t c h i n g regression 
m o d e l is easily general ised i n a n u m b e r o f d i r e c t i o n s i n c l u d i n g cases w h e r e 
m o r e t h a n one s w i t c h occurs . H o w e v e r , n o t i c e t h a t the n u m b e r o f swi tches is 
assumed t o be k n o w n . 

I n t h e f o l l o w i n g s ec t i on w e a p p l y Q u a n d t ' s m e t h o d t o K a t s i a o u n i ' s da ta i n 
o r d e r t o tes t t he v a l i d i t y o f the l a t t e r ' s p a r t i c u l a r cho ice o f sub-per iods . 

Productivity Growth in Irish Manufacturing, 1953-73: Selection of Sub-Periods 
U s i n g m o d e l (1 ) a n d a p p l y i n g Q u a n d t ' s m e t h o d t o t he da ta series r e l a t i n g 

t o p r o d u c t i v i t y i n m a n u f a c t u r i n g over t he c o m p l e t e p e r i o d 1953-73 w e 
o b t a i n , o n t he a s s u m p t i o n t h a t a single s w i t c h o c c u r r e d (see F igure 1 ) , 1957 
as t he m a x i m u m l i k e l i h o o d es t imate o f t he date a t w h i c h t he s w i t c h b e t w e e n 
reg imes o c c u r r e d . 

H a v i n g o b t a i n e d th i s es t imate i t is necessary t o test w h e t h e r a s w i t c h 
a c t u a l l y o c c u r r e d d u r i n g the p e r i o d u n d e r s t u d y a n d a p p l y i n g the sma l l 
sample F tes t p r o p o s e d b y Q u a n d t w e o b t a i n a c o m p u t e d F value o f 9 .02 
w i t h ( 4 , 13) degrees o f f r e e d o m a n d since t he t a b u l a t e d value o f F at the 
1 pe r cen t l eve l w i t h these degrees o f f r e e d o m is 5 . 2 1 w e are l e d t o re jec t 



t h e n u l l h y p o t h e s i s t h a t n o s w i t c h o c c u r r e d i n f a v o u r o f t he a l t e rna t i ve 

h y p o t h e s i s t h a t a single s w i t c h o c c u r r e d . 4 

T h e above resul ts r ega rd ing the i n s t a b i l i t y o f t he paramete rs o f the, r e l a t i o n 

b e t w e e n J a b o u r p r o d u c t i v i t y a n d t i m e i m p l y t h a t t he c o r r e c t p o i n t a b o u t 

w h i c h t o d i v i d e t he p e r i o d i n t o sub-per iods is 1 9 5 7 a n d not 1 9 6 4 , as used b y 

K a t s i a o u n i . T a b l e 3 summarises the results o b t a i n e d b y o r d i n a r y least 

squares e s t i m a t i o n o f t he t r e n d m o d e l ( 1 ) f o r the sub-per iods 1 9 5 3 - 5 7 a n d 

1 9 5 8 - 7 3 a n d F i g u r e 1 shows the least squares t r e n d l i n e f o r each o f these 

t w o sub-per iods . 

Table 3: Regression estimates of annual growth rate of manufacturing productivity: 
sub-periods 

Equation 
number 

Data 
period 

Dependent 
, variable 

Estimated coefficient 
of time (r) R2 D-W 

3.1 1953-57 l n P t 0 . 0 0 7 9 0 9 2 * * , 
(3 .6215) 

0 .8138** 2 .4337 

3.2 1958-73 l n P t 0 .043396* 
(59 .877) 

, 0 . 9 9 6 1 * 1.6793 

Notes: Figures in parenthesis are 't' values. A single asterisk denotes a coefficient which 
is significantly different from zero at the 1 per cent level and a double asterisk 
denotes significance at the 5 per cent level. 

A s can be seen f r o m the R 2 values . r e p o r t e d i n T a b l e 3, t he e x p l a n a t o r y 
p o w e r o f t he s imp le t r e n d m o d e l ( 1 ) is h i g h f o r b o t h t he 1953-57 a n d 1 9 5 8 -
73 sub-per iods . T h e c o m p u t e d D u r b i n - W a t s o n s ta t i s t ic associated w i t h 
e q u a t i o n 3.2 is such t h a t w e are unab le t o re jec t t he n u l l - h y p o t h e s i s o f ze ro 
a u t o c o r r e l a t i o n at t he 5 pe r c e n t l e v e l . 5 T h e e s t i m a t e d slope c o e f f i c i e n t i n 
e q u a t i o n 3 .1 is s i g n i f i c a n t l y d i f f e r e n t f r o m zero a t the 5 per cen t l eve l a n d 
t h a t i n e q u a t i o n 3.2 is s i gn i f i c an t a t the 1 per cen t l eve l a n d t h e i r values 
i m p l y t h a t t he a n n u a l t r e n d ra te o f g r o w t h o f l a b o u r p r o d u c t i v i t y i n m a n u ­
f a c t u r i n g was o n l y 0 . 7 9 0 9 2 per cen t b e t w e e n 1 9 5 3 a n d 1 9 5 7 a n d 4 . 3 3 9 6 pe r 
cen t b e t w e e n 1 9 5 8 a n d 1 9 7 3 . C o m p a r i n g these resul ts w i t h those r e p o r t e d 

4. This finding regarding the instability of the parameters of the growth path of productivity is con­
firmed by the closely related Chow (1960) test, which gives rise to a computed F value of 76.67 with 
(2, 17) degrees of freedom and since the tabulated value of F at the 1 per cent level with these degrees 
of freedom is 6.11 we are led to reject the null-hypothesis that the post 1957 observations obeyed the 
same relation as the pre-1957 ones. 

5. Savin and White's (1977) re-tabulations of the bounds of the Durbin-Watson statistic for extreme 
sample sizes go only as far as six observations for the case of one independent variable. However, 
extrapolation of these bounds down to the case of five observations implies that in the case of 
equation 3.1 we are unable to reject the null-hypothesis of zero autocorrelation. 



b y K a t s i a o u n i (each o f w h i c h is i l l u s t r a t e d b y t he s lope o f t h e r e l evan t t r e n d 

l i n e i n F i g u r e 1) w e see t h a t o u r f i nd ings suggest t h a t t he a n n u a l g r o w t h 

ra te o f p r o d u c t i v i t y i n m a n u f a c t u r i n g was v e r y m u c h l o w e r d u r i n g t he " e a r l y 

p a r t " o f t he s t u d y p e r i o d (0 .79 p e r cen t as o p p o s e d t o 2 .89 pe r c e n t ) a n d 

also l o w e r d u r i n g t he " l a t t e r p a r t " ( 4 . 3 4 as o p p o s e d t o 4 .93 per c e n t ) . T h e 

same general c o n c l u s i o n emerges f r o m a p p l i c a t i o n o f t h e e n d p o i n t s m e t h o d 

t o t he sub-per iods suggested b y o u r analys is : w i t h p r o d u c t i v i t y g r o w i n g at 

e s t i m a t e d a n n u a l rates o f o n l y 0 . 9 5 6 per cen t b e t w e e n 1 9 5 3 a n d 1 9 5 7 a n d 

4 . 5 4 7 pe r c e n t b e t w e e n 1 9 5 8 a n d 1 9 7 3 . 

Conclusion 

I n th i s n o t e w e have r e - e x a m i n e d K a t s i a o u n i ' s f i nd ings r ega rd ing t h e 
t r e n d ra te o f g r o w t h o f l a b o u r p r o d u c t i v i t y i n m a n u f a c t u r i n g b e t w e e n 1 9 5 3 -
7 3 . B y a p p l i c a t i o n o f s t anda rd e c o n o m e t r i c t echn iques w e have s h o w n t h a t 
h is cho ice o f sub-per iods was i n a p p r o p r i a t e a n d have s h o w n t h a t once the 
c o r r e c t s u b - d i v i s i o n is made the p i c t u r e r ega rd ing t he t r e n d g r o w t h o f m a n u ­
f a c t u r i n g p r o d u c t i v i t y t u r n s o u t t o be v e r y d i f f e r e n t , p a r t i c u l a r l y r ega rd ing 
t h e exper i ence o f t h e ' f i f t i e s , f r o m t h a t p a i n t e d b y K a t s i a o u n i ' s resu l t s . 
A l t h o u g h th i s n o t e has cons ide red o n l y one aspect o f K a t s i a o u n i ' s w o r k , i t 
w o u l d be i n t e r e s t i n g t o e x p l o r e t he f u l l i m p l i c a t i o n s o f i t s f i nd ings f o r t he 
resul ts o f h is o w n subsequent analysis . 
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