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Notes and Comments 

Efficiency and Size: 

Comments and Extensions* 
D O U G L A S T O D D 

London 

A recent con t r ibu t ion to this Review 1 considered a number o f measures 
o f business efficiency and applied these to a sample o f firms i n the Irish 
Plastics Indust ry . The purpose o f this note is to extend the analysis some­
what further and to draw at tent ion to some features o f the efficiency measures 
chosen. 

I t must be recognised at the outset that making inter-f i rm efficiency com­
parisons based on summary measures is a dubious exercise. Quite apart f rom 
the comments o f R. J . Ball and ci ted by M . A h m e d , i t has been stressed that 
environmental factors are o f great importance. Hal l and Winsten (1959) place 
emphasis on these, wh ich lead one to doubt whether conventional accounting 
in format ion can enable one to make inferences about resource allocation 
w i t h i n firms. Indeed, A m e y (1969) argues that the concept o f efficiency i n 
business enterprises is w h o l l y meaningful only in the context o f an individual 
f i rm viewed at different moments o f t ime and w i t h reference to a budget 
plan. Nevertheless, i n practice one rarely has anything other than accounting 
in format ion and often imperfect in format ion at that. O n a pragmatic basis i t 
remains legitimate for one to ask whether one f i rm or industry is more or 
less efficient than another. Certainly, the question is impor tan t for pol icy 
and in this as we l l as other respects the general approach adopted by Ahmed 
is b o t h relevant and o f interest. 

One o f the summary measures considered by A h m e d is an index o f social 
efficiency, defined as 

2={wL+qK)/V 

Where £=index o f social efficiency, w=money wage rate, L=labour input , 
#=va lue o f capital, F=gross value added, <7=social cost o f capital . 

* T h e author is a Senior E c o n o m i c Adviser in H M Treasury . I t is understood that the 
comments in this paper are to be attributed in no way to any Government Department . I 
am grateful to Peter Richardson for programming and computat ional assistance and ad­
vice; the usual disclaimer applies. 

1. M . A h m e d , "Size and Ef f i c i ency: the Case of the Irish Plastics Indus try ," The 
Economic and Social Review, V o l . 8, No . 1. 



W i t h respect to one o f Ahmed's experiments, the actual market wage rate 
is taken to equal the "social efficiency wage", whils t the average rate o f re­
tu rn on capital for the Ir ish plastics industry is used to represent the oppor­
t u n i t y cost o f capital. For any f i r m , this to ta l factor p roduc t iv i ty index can 
then be w r i t t e n as 

TPF={wL+qK)/{wL+rK), q=lb.b per cent (1) 
or 

TFP=\-y{r-q), where y=(K/V) (2) 

I n this f o r m , the efficiency index is almost identical to that suggested by 
Jack Downie some years ago now i n his classic w o r k "The Competitive Pro­
cess" 2. I t is also the fo rm used by several other researchers i n this field 
(e.g., Dunning and Rowan, 1968). A practical deficiency o f this efficiency 
measure can be seen i n the fo l lowing way. The expected value o f (2) is:— 

E(TFP) = l-E(yr)+qE(y) (3) 

Since q is defined as E(r) i t is clear that the value o f E(TFP) depends on 
the sign o f cov (yr). I f there is statistical independence between the observed 
rate o f re turn on capital and the capital output rat io over the sample o f firms, 
the mean value o f the index must equal un i ty . (E(yr) can then be wr i t t en as 
E(y) E(r)=qE(y).) 

One w o u l d expect capital intensi ty, which i n this context is the ratio (K/V^, 
to rise w i t h size o f f i rm and Ahmed's sample tends to conf i rm this. The prob­
lem, therefore, can be turned in to one concerned w i t h the relationship 
between the rate o f re turn and size o f business. There is no necessary reason 
w h y the t w o should be positively correlated; indeed reasons associated w i t h 
the goals o f the f i rm and the existence o f managerial discretion might suggest 
that the reverse is more l ike ly . Analy t ica l ly , the result w i l l depend on the re­
lationship between size, the cost/output ratio and the rat io (K/V),5. The 
covariance te rm E(yr) could therefore take any given value for a number o f 
reasons and the resulting index TFP, when defined i n this way, w i l l be 
uniquely dependent on this. 

A related po in t concerns the correlation l ikely or otherwise, between the 
index TFP and the rate o f return r . I f (2) is rewri t ten as 

TFP=(T+yq)-yr 
= a+yr+n, y<0 K ' 

We have the form o f a simple t w o variable linear regression relationship 
w i t h n being the disturbance term and a=(l+yq). I t is clear from (2) and (3) 

2 . D o w n i e , (1958) in fact, defines his Index in terms of sales and not value added. 
3 . Numerous studies have examined the relationship between profitabil ity and size of 

f i rm. A n analyt ical view of the relationship is presented clearly in Joseph Steindl ( 1 9 4 7 ) . 



that i f (4) is applied to a cross section o f firms, a perfect correlation between 
TFP and r can occur only i f all firms in the sample have identical capital/out­
pu t ratios. I n other words, i f this condi t ion exists, the direct impl ica t ion is 
that TFP and r can be used interchangeably as efficiency indicators . 4 

The index depends very heavily on no t only the value for the social cost 
o f capital q, b u t also on the way this variable is defined. I n the case con­
sidered, q=E(r) leads to certain difficulties o f interpretat ion. The argument 
can be extended to the case where a social wage is selected which is different 
to the actual market wage w. I n this case thfr index becomes a weighted fac­
tor p roduc t iv i ty measure w i t h weights equal to the social valuations o f rela­
tive factor returns; that is 

TFP=w*(L/V)+q(K/V)_ 
Where w*=the social or shadow wage. 

A h m e d considers this case also but , clearly, any results are highly sensitive to 
the choice o f w* and q. For example, a value o f q wh ich is taken to be the 
same as the mean rate o f re turn for the industry is no t consistent w i t h a value 
o f w * which is equated to the m i n i m u m legal wage. Some value closer to the 
long survival rate o f re turn for firms in the industry is preferable as A h m e d 
recognises. 5 However, the actual value for the rate o f re turn on capital r, 
which appears i n the denominator is influenced by numerous factors. As a 
consequence o f this , one is never sure about whether or n o t the index TFP 
is p icking up factors associated w i t h market imperfections, local monopo ly 
factors or what . I n other words, the caution advised by Hal l and Winsten is 
clearly o f relevance when applying this k i n d o f index across f irms; even i f 
they are drawn f rom the same industry. These remarks remain relevant i n 
what follows. 

A n alternative approach to the measurement o f productive efficiency and 
one no t considered expl ic i t ly by Ahmed , is to estimate a technical efficiency 
frontier f rom the sample o f firms. This method first suggested i n an impor­
tant paper by M . J . Farrell (1957), is simple and has a number o f attractive 
properties. The precise details o f the approach and its technical and analytical 
features are set ou t i n a number o f papers (Aigner and Chu, 1968), (Timmer, 
1970), (Todd , 1971). I t is assumed that firms are operating i n a competit ive 
environment and producing homogeneous output . Very br ief ly , the object is 
to construct an envelope f rom a set o f observations on factor inputs wh ich is 
technically efficient i n the sense that no f i rm i n the sample can lie outside 

4. Dunn ing and R o w a n (1968) examine the relationship between TFP and r but do not 
seem to recognise the implicat ion of a high correlation between these two variables. A 
discussion of this point may be found in T o d d (1971) . 

5. A h m e d op cit , p . 13. 



(closer t o the origin) this convex set o f points. B y means o f such a construc­
t i o n i t becomes possible to compare any observed f i rm i n the sample w i t h a 
hypothet ica l f i rm assumed to be located on the frontier and on a ray pro­
jected f rom the or igin . Figure 1 Below illustrates this me thod o f interpreta­
t i o n . 

E 
L i 

Fig . 1 The Technical Efficiency Frontier. 

Each o f the points represents a f i rm located i n the (L/V), {K/V) plane. 
The frontier E-E 1 is made up o f facets f rom firms BC and F etc. which have 
equal technical efficiency. The frontier constructed i n this way resembles the 
t ex tbook isoquant. 6 F i rm A , for example, is n o t technically efficient i n that i t 
does no t lie on the frontier E-E 1 . Its measured technical efficiency is given by 
the rat io OD/OA<l. One can see, therefore, that f i rm A is being compared 
w i t h the hypothet ical f i r m D which is located on the efficient frontier and pro­
ducing a u n i t o f net ou tpu t (V) whils t employing the same ratio o f labour to 
capital as f i rm A . 7 A feature o f this approach which has some appeal is its 
close correspondence to the analysis o f X-inefficiency i n the f i r m . For 
example, one could regard the ratio OD/OA as a measure o f X-inefficiency 
in the case o f f i rm A . For completeness, such an interpretat ion w o u l d demand 

6. I t also has a number of characteristics associated wi th the "coefficient of resource 
uti l isation"; see Debreu (1951) . 

7. I t is important to recognise that the above description assumes constant return to 
scale for all f irms. A n extension of the analysis to include the case of increasing returns 
is provided in Farre l l and Fieldhouse (1962) . 



an additional dimension to Figure 1 which might represent a managerial or 
organisational input i n the formal p roduct ion funct ion o f the firms. 

The description o f the industrial structure i n the plastics industry given i n 
the paper suggests that reasonably competit ive conditions prevail. However, 
i t is suggested also that significant product differences may exist . 8 I n this re­
spect the weaknesses inherent i n the TFP index must carry over automatic­
ally to the analysis set ou t below. Using the sample o f inter-f i rm data most 
generously provided by Ahmed i n Table 1 o f his paper, technically efficient 
frontiers have been estimated for the three size groups o f f i rm i n the sample 
and for the whole sample o f firms also. 9 

There is a problem about how one should define labour inpu t . I t can be 
argued that the money wage is a better measure o f labour i npu t than is 
physical numbers employed because the former ought to reflect more close 
differences in the qual i ty characteristics o f labour between firms. Ideally we 
w o u l d l ike to have an index o f man-hours for the labour inpu t and an index 
o f the f low o f capital services.1 0 However, i t is of interest to see how Ahmed's 
same data set can be used i n the way described and efficient frontiers have 
been computed using b o t h numbers employed and the wage b i l l (W); each 
normalised for net ou tpu t . 

Fig . 2 technical Efficiency Frontiers (W/V, KV). 

8. A h m e d op cit , p . 6. 
9 . T h e precise method o f constructing the envelope is given in Farrel l ( 1957) . 
10. These remarks apply to the measurement of total factor productivity also. F o r 

an example of efficient frontiers constructed using the above definitions see P. Meller 
(1975) . 



F i g . 3 Technical Efficiency Frontiers (L/V, KV). 

Figures 2 and 3 show these efficiency frontiers under the t w o alternative 
assumptions about labour inpu t . I n bo th cases the frontiers intersect bu t 
inspection suggests that the medium sized group o f firms are capable o f being 
technically more efficient than the large firms. I f the money value labour 
input assumption is preferred, one might also infer that the small firms are 
l ikely to be more efficient potent ial ly than other size groups. Hence, these 
results lend some additional explici t support to Ahmed i n his conclusion 
than in this particular industry, the large sized firms are l ikely to be the least 
efficient i n resource use o f labour and capital. 

However, a d i f f icu l ty w i t h the Farrell approach is that the estimated fron­
tiers use marginal data only f rom the available sample o f firms. I t follows that 
the locat ion o f the frontier "revealed" f rom this sample is extremely sensi­
tive to any out ly ing observations. 1 1 Further, since the technique does no t 
embody the usual principles o f statistical inference i t is no t immediately 
obvious as to h o w one can evaluate the efficiency ( in statistical terms) o f the 
envelope generated by the observations. Whilst mean efficiencies for each 
size group can be calculated, such measures are relevant to the particular 
frontier o f the given size class o n l y ; they do no t carry over to calculations 
relating to some other technical frontier. 

11. F o r a fuller discussion on these matters see T i m m e r (1970) . 



A very rough comparative indicat ion is to estimate the technical efficiency 
frontier for the whole sample and compare means and variances o f the three 
size classes w i t h respect t o this reference po in t . Secondly, the same statistics 
can be calculated for the " o w n " frontier o f each size class. Again, i t must be 
emphasised that this procedure depends heavily on any ou t ly ing points which 
might determine the exact locat ion o f the frontier . 

Table 1 A : Overall efficiency frontier 

Mean technical Standard 
efficiency index deviation 

Smal l 0-521 0-277 
Medium 0-541 0-246 
Large 0-538 0-218 

Table I B : "Own" efficiency frontier 

Mean technical Standard 
efficiency index deviation 

Smal l 0-547 0-293 
Medium 0-593 0-271 
Large 0-733 0-290 

Tables 1A and I B set ou t the relevant data for the case where the labour 
input is measured by the wage b i l l per uni t o f value added. W i t h respect to 
the overall frontier there are no differences between mean technical effic­
iency which are statistically significant. There is very slight evidence, how­
ever, that the variance decreases w i t h size o f business un i t and this wou ld be 
consistent w i t h results f rom the analysis o f p rof i t ab i l i ty and size o f f i r m . I n 
terms o f the o w n efficiency frontier comparisons, mean efficiency w i t h 
respect to " o w n " frontiers increases w i t h size; variances are more or less 
constant. 

Given the various weaknesses i n the approaches suggested, together w i t h 
the relatively small sample o f experience in this particular industry, the 
results remain fairly consistent. Small and medium sized establishments seem 
to be capable o f achieving greater technical efficiency; at least i n terms o f 
the static framework considered. I n no case does the overall industry frontier 
have a large f i rm located on i t . 

Final ly , i t is o f interest to see h o w the efficiency indices using the Farrell 
method compare w i t h what is probably the most popular performance 
indicator , namely, the rate o f return. Each o f the firms i n the sample were 
ranked i n terms o f the two alternative technical efficiency indices ( e w and 



e L ) and the rate o f re turn on capital (defined as gross profits divided by tota l 
assets). Spearman's rank correlation coefficient is given below for the t w o cases. 

ew.r e L . r . 

p = 0.953 p = 0.869 
These suggest that as a measure o f static efficiency or aggregate performance 
i n this particular industry, the simple rate of return might serve most purposes. 
I t does no t , o f course, te l l one anything explici t about relative factor usage. 

One can speculate about these results w i t h i n Jack Downie's conceptual 
framework. The suggestion wou ld be that since the average size o f f i rm is small 
i n this industry w i t h the smaller firms being capable o f achieving greater 
technical efficiency, the " innovat ing mechanism" is a dominat ing factor. I f this 
were n o t so, the "transfer mechanism" operating over t ime wou ld lead to a con­
centrat ion o f resources in larger business units . Presumably, the small firms 
survive because they are successful i n product innovat ion; so successful i n fact 
that they offset those forces which might lead to industrial concentration. 

I t must be emphasised again that i n the essentially pragmatic approaches 
such as those used i n this note and Ahmed's paper, one is departing f rom 
strict theoretical requirements i n a number o f impor tant respects. For many 
reasons, official and much other accounting informat ion is no t produced 
solely for the purposes o f meeting the demands o f economic researchers. 
Nevertheless, one often is faced w i t h the task o f seeing what informat ion 
about an economic process a given data set is capable o f yielding. The above 
can be regarded as an extension o f one such an at tempt. 
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