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I    Introduction 

The way in which a database of patent quality in the UK scientific instruments 

industry was constructed for the period 1981-1990 is recounted.  A new and detailed 

decomposition of total patenting activity for this decade is reported upon for over 

ninety firms in the industry.  This involves the construction of 'patent families'.  These 

are defined by reference to a particular 'priority date' for an invention, and are created 

by exhaustively tracing all patenting activity for the same invention over all known 

patent regimes, national and supranational. 

   Exploratory analysis of the data thus created is reported upon.  This examines: 

(a) the different charactersitics of patenting and non-patenting firms; (b) industrial 

structure in terms of supply concentration and demand fragmentation; (c) patent 

counts and financial performance for the middle years (1986 and 1987); and (d) total 

patenting activity and the size of firms. 

   In a previous paper, Reid, Siler and Smith (1994), we have argued that the amount 

of patenting activity a potential patentee undertakes is a measure of the potential 

market value of a patent, conceived as a type of intellectual property.  We already 

know from the work of Bosworth (1973) and Schankerman and Pakes (1986) that the 

willingness to renew a patent is a signal of its value.  However, this is to conceive of 

patenting in rather too narrow terms, focusing only on the grant and renewal of the 

patent.  By contrast, our wider approach looks at the construction of patent families.1  

A family requires examining all the stages involved in establishing intellectual 

property rights, from filing, to publication etc, through to grant.  These may extend 

beyond the domestic regime to other national and supranational patenting regimes.  In 
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brief, we would measure the quality of a patent by the scale and scope of the complete 

patenting process.  A corollary of this is that larger patent families are associated with 

more valuable patents. 

 

II Patenting and Non-Patenting Firms 

To provide empirical foundation for this argument (i.e. to 'ground' future theoretical 

analysis in this area) we have constructed a quality of patenting database.  The 

industry we have chosen for this 'grounding' activity is that of UK scientific 

instruments.  We use it because it is known from the work of Silberston (1987) that 

patenting is a common device for protecting intellectual property in this industry, and 

the industry itself is relatively innovative.  If total patent count for an industry is 

divided by percentage of GDP attributable to this industry, one has a measure of 

'patent intensity'.  Electrical instruments and instrument engineering came top of the 

list in the study by Silberston (1987, p.36) with values of 24.56% and 21.42% 

respectively.  These exceed by far the patent intensity in pharmaceuticals (6.45%) and 

electronic data processing (4.52%), both of which one would think of as relatively 

innovative sectors. 

   As is known, the boundaries of an industry are hard to define and scientific 

instruments is no exception.  Our general area of interest, because of its patenting 

intensity, is Instrument Engineering under the SIC code of 37 at the two digit level.  

Within it lie three groupings at the four digit level:  Scientific Instrument 

Manufactures (3710) with 98 firms listed in the 1985 ICC reports; Medical Equipment 

Manufactures (3720) with 84 firms listed; and Photographic Equipment Manufactures 

(3732) with 68 firms listed.  Within Scientific Instruments one finds items like cardiac 

pacemakers which are arguably medical and various types of optical equipment which 

are arguably photographic.  Further, many scientific instruments firms are listed under 

Electronic Instrument Manufactures (SIC code 3442, with 86 firms listed), and a 

certain number are listed under other categories at the four digit level, like 

Switchgear, Motors and Control Systems (SIC code 3420, with 103 firms).  It is clear, 
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therefore, that in concentrating on Scientific Instrument Manufactures we have by no 

means exhausted the full extent of company activity in the general area of scientific 

instruments per se.2 

   Of the 92 firms in our sample, 35, or over one third (38%), were identified as 

directly engaged in patenting activity.  This does not rule out the remaining 62% 

engaging in innovative activity of some form or another, nor does it rule out the 

benefits being conferred on subsidiary firms, which nominally do not patent, by their 

patenting parents.  As Table 1 indicates, the main difference in ownership pattern  

[Table 1 near here] 

between patenting and non-patenting firms is that, in the former group, there is a 

much higher representation of independents (46% compared to 28%).  This would 

indeed tend to suggest an under-statement of innovative capability in the non-

patenting group, where the higher incidence of subsidiary firms opens up the 

possibility of technological diffusion benefits to them from parent companies. 

[Table 2 near here] 

   A further analysis of the patenting/non-patenting dichotomy is given in Table 2.  

Here, average values (and standard deviations) for various size measures, and key 

financial ratios are presented for the years 1986 and 1987.  To be recorded as 

patenting, some form of patenting activity had to occur over the time period 1981-90.  

If none occurred - not even a filing for a priority date, which is the initial step in 

patent family development - the firm was categorised as non-patenting.  Some 

financial ratio data were unavailable for firms in 1987, thus reducing the sample size 

for this year to 83 firms.  Firms in the patenting group (columns (a) and (c)) are very 

much larger, over three times larger by sales, employees and assets.  That certainly 

should give this group specialisation and risk-spreading advantages over the non-

patenting firms (columns (b) and (d)).  However, the financial ratio evidence generally 

belies this.  The net profit to sales ratios are higher for the patenting group compared 

to the non-patenting group for each year, but elsewhere the financial performance 

indicators for the non-patenting group are generally superior to those for the patenting 
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group for both years.  The return on capital is widely regarded as the primary gauge of 

company profitability, measuring as it does the yield on money invested, but in 1986 

the patenting group did marginally worse than the non-patenting group (16.5% 

compared to 18.5%), and very much worse than it in 1987 (4.1% compared to 18.8%).  

On other rates of return, and on a variety of margins, the patenting group's 

performance is generally inferior to the non-patenting group.  For the three returns 

measures, and the three margins measures over the two years 1986 and 1987, making 

twelve pair-wise comparisons altogether, the patenting group have inferior 

performance to the non-patenting group in nine cases, that is in 75% of cases.  For the 

remaining ratios reported, gearing, liquidity and export ratios, accounting conventions 

within the industry have apparently played a role, for differences between the 

patenting and non-patenting group are slight, and standard deviations are quite small, 

suggesting, for example, conventionality in gearing ratios in 1986 which 'bunch' 

around 0.37. 

   Whilst comparisons that can be made between the two groups of firms in Table 2 do 

not always need an appeal to statistical testing (e.g. the marked size differential), it 

can be useful at least to make reference to the standard deviations (in brackets) when 

making other comparisons, bearing in mind that about two-thirds of variations fall 

within one standard deviation either side of the mean.  If formal recourse is had to a 

t-test of differences between means, it is generally not possible to regard differences 

between the patenting and non-patenting groups as being significant, at normal levels 

of significance, because of high sampling variation.  For example, a 95% confidence 

interval for the difference between mean return on capital, as between patenting (mean 

16.5) and non-patenting (mean 18.5) firms in 1986 is - 2 ± 35, which is a very wide 

interval and leads to rejection of the hypothesis of differences in mean return on 

capital.  This arises because rates of return vary so widely in both samples.  Again by 

reference to 1986, the apparent difference in mean return on assets between patenting 

and non-patenting firms (with mean values of 4.6 and 7.4 respectively) is belied by 

the 95% confidence interval of - 2.8 ± 5.9.  Standard tests do not even help if one 
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compares apparently grossly different means, as in the case of mean return on capital 

between patenting and non-patenting firms in 1987.  The means were very different, at 

4.1 and 18.8 respectively (column (c) and (d), row 5 of Table 2), but a 95% 

confidence interval for the difference between means is - 14.7 ± 19.6 which also fails 

to reject the null hypothesis of identical means, though common sense suggests it 

should be rejected.   

   In sum, whilst the evidence suggests that performance may differ between the 

patenting and non-patenting groups, with the balance in favour of the latter, high 

sampling variation makes it difficult to pin down this conclusion precisely.  It is 

perhaps enough to assert that, contrary to what one might expect of the marketplace 

advantage of the patenting firm, no clear cut evidence emerges to support this view. 

 

III Industrial Structure 

An important aspect of industrial structure is the extent of industrial concentration.  

The simplest measure, and one which accords with several useful industrial models, 

like dominant firm price leadership, is the k-firm concentration ratio3, Ck .  For a given 

measure, like sales, it looks at the total proportion of industry sales that can be 

attributed to the k largest firms by sales in the industry.  Under I in Table 3, 

concentration ratios by sales are given for k = 3, 4 and 5, and for years 1986 and 1987 

for the UK scientific instruments industry. 

[Table 3 near here] 

In constructing these Ck

t (Sales) indices the specific firms used in the composition of 

them have been identified.  This is somewhat unusual, as Ck  indices are normally 

constructed with choices of k that aim to conceal the identities of particular firms for 

reasons of confidentiality.  Because we have created a complete industry database, by 

making exhaustive searches over individual company data, we are not constrained by 

such considerations, and are able to display the major players in the industry 

individually.  Also shown in Table 3 are the Ck

t (Employees) and Ck

t (Assets) 

concentration ratios for t = 1986, 1987 and k = 3, 4, 5.  A number of clear patterns 



7 

emerge from Table 3.  Firstly, industrial concentration in scientific instruments is not 

high.  Suppose we adopt the classical definition of Einhorn (1964, p.13) that high 

industrial concentration involves a four-firm concentration ratio of 50% or more for 

industries at the four digit level of classification.  Scientific Instruments Manufactures 

is indeed at the four digit level (SIC code 3710).  Not one of the six C
t

4 ratios reported 

in Table 3 exceeds 50% in value.  Indeed, not one exceeds 40%.  Not until one goes to 

the five-firm concentration ratio does one get indices of over 40%, and then only 

twice out of the six computed.  This relatively low industrial concentration occurs 

despite the tendency observed by Davies (1988, p.89) for the more capital intensive 

and high technology industries in the UK to be relatively highly concentrated.  Indeed 

for a large number of four-digit industries (twenty-eight in all) Clarke (1985) reports 

five firm concentration ratios in the UK which exceed 90%.  Considered in the light 

of this comparative evidence, as well as in relation to Einhorn's yardstick, 

concentration appears to be relatively low in the UK scientific instruments industry.4 

   In itself, this would suggest limited opportunities for the exercise of market power 

by incumbent firms.  But a second clear pattern emphasises this conclusion.  It is that 

the identity of the k largest firms in the industry is variable.  The largest player in the 

industry, ABB Kent (Holdings) plc, dominates in 1986, but no longer just one year 

later in 1987.  Depending on the measure of size, and the choice of k, one has 

different dominant groups in the industry.  Taken as a whole, these dominant groups 

by size involve numerous companies:  ABB Kent (Holdings) plc, United Scientific 

Holdings, Oxford Instruments, Cambridge Instruments, Marconi Instruments and 

Eurotherm International plc.  These six firms appear frequently in various 

combinations in the six sets of three concentration ratios.  Only Barr & Stroud appears 

a maverick dominant group member.  The balanced sizes of firms in the dominant 

group, most notably in terms of employment, but in some measure in terms of sales 

and assets too, suggests limited opportunities for abuse in the exercise of market 

power.  Thus the prima facie evidence on industrial concentration favours viewing the 

UK scientific instruments industry as potentially competitive. 
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   Turning now to products, one has evidence of considerable market fragmentation, 

and quite high levels of technological specialisation.  Capabilities of firms clearly 

differ widely in the industry.  This is clearly displayed in Table 4, which groups patent  

[Table 4 near here] 

families by technological types as determined by IPC codes5, and by firm involvement 

(as determined by Firm ID).  Thus a dozen or more technological groups are 

identified, and the Firm IDs indicate a very limited capability for any firm in the 

industry to be active across all such groups.6  Thus Firm 1 (Renishaw) is active in 

optical measurement and monitoring, laser control and interferometrics, but has no 

capability in imaging, frequency synthesis or immunoassay.  Firm 14 (Marconi 

Instruments) is active in four product areas (toggle-linkage, frequency synthesis, 

frequency counting and 'sample and hold' circuits) but has no involvement in cell 

apparatus or fire control.  This fragmentation of the overall industry market, and the 

implied highly specialised technological capability to supply very specialised niche 

markets, diminishes the force of the argument that evidence on low concentration in 

the industry as a whole would suggest limited scope for the exercise of market power. 

 

IV Patenting Activity and Performance 

Up to this point, patenting activity and performance have been looked at in simple 

dichotomous terms: either a firm engages in patenting activity or it does not, and this 

may be related to performance.  In fact this is a crude way of proceeding, because it 

ignores the fact that the level of patenting activity itself varies enormously over the 

firms which do patent.  In this section, therefore, we intend to look at patent activity in 

a much more detailed way.  This will again be related to performance, but only in a 

preliminary and tentative way, as this is to be the focus of a later study. 

   Of all the methods of protecting intellectual property in the sample of ninety-two 

firms examined over all years for the decade 1981-90, the most common was a GB 

application (an average of 6), followed by a US patent (4.6) and then a GB patent 

(3.6).  The only other patenting activities having average counts of unity or more, for 
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the patenting group of thirty-five firms, were (in descending order of importance) 

German applications (1.5), European patents (1.3), German patents (1.1) and Japanese 

patents (1).  There was a very low frequency of patenting activity under other patent 

regimes, with France having just a limited visibility amongst these less significant 

patenting activities. 

[Table 5 near here] 

   A limited number of firms create most of the patent families and most of the patents 

granted, as is evident from Table 5.  Patent families (column 3) correlate strongly 

(r = 0.97) with total patenting activity (column 4).  The major creators of patent 

families are Renishaw (80; count = 270), Barr & Stroud (59; count = 269) Marconi 

Instruments (58; count = 186), Cambridge Instruments (44; count = 93) and Oxford 

Instruments (32; count = 65).  None of the other firms created more than 15 families, 

and the average number of families created by the thirty-five firms in the patenting 

group was 11.  Creating patent families was also strongly correlated with GB 

applications (r = 0.71) and GB patent grants (r = 0.70). 

   In  comparing the market concentration data of Table 3 with the patent activity data 

of Table 5, one finds the largest firms like ABB Kent (Holdings) and United Scientific 

Holdings fading from the picture as regards patenting.  Comparing C t

3 data with 

patenting activity data, one finds a different dominant group emerging in the latter 

case, being composed of Renishaw plc, Barr & Stroud and Marconi Instruments.  The 

dominant patenting firms tend to be UK independent or UK subsidiaries (column 1, 

Table 5). 

   Whilst size does in some measure encourage patenting activity, it is clear that this 

relationship is certainly not linear, and may not even be monotonic.  Renishaw is one 

fifth of the size of Barr & Stroud, and yet it engages in slightly more patenting 

activity.  Horstman Group is nearly twice the size of Renishaw, and yet it engages in 

less than one tenth of its patenting activity.  Further evidence on the relation between 

size and patenting activity is presented below. 
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   We note also from Table 5 a quite distinct patenting style for each firm, a point we 

shall refer to later.  This is partly driven by technical capability, and partly by market 

opportunities.  Patenting styles differ by both regime choices, and volume of activity.  

Columns 9 to 12 of Table 5 take a further look at performance, using sales and 

employment growth, as well as average and standard margins over the period 1984 to 

1990.  It is difficult to detect by eye any systematic relationship between patent 

families or total patent activity, and these various measures of performance.7  Thus, 

Renishaw has remarkable sales and employment growth, yet Barr & Stroud, with a 

similar level of patenting has low sales growth, and even employment decline over the 

same period.  Whilst Renishaw as a high patenting firm enjoys high margins, much 

less actively patenting firms like Life-Sciences International also enjoy relatively good 

margins - certainly superior to Marconi Instruments, and just ahead of industry 

'shooting stars' like Cambridge Instruments.  Putting these remarks on a more formal 

footing, we can run a regression of the pre-tax profit margin on the ratio of the total 

patenting activity count to sales for the whole sample.  The results are given as 

equations (1) and (2) below for 1986 and 1987 data respectively: 

 

 
( )1
 

Pretax PM =  
  
Count

Sales

4 6491

36829
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  n = 92   1986 sales, margins data 

  F(1,90) = 1.363  R² = 0.0149 
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  n = 83    1987 sales, margins data 

  F(1,81) = 0.679  R² = 0.0083 

 

Estimation of (1) and (2) are by ordinary least squares, and the functional form used 

was first suggested by Smyth et al (1972).  What these [viz. equations (1) and (2)] 

indicate is a non-existent relationship between profit margins and patenting activity8 
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(normalised by sales).  The t-statistics for the count variable are insignificant, as are 

the F-statistics for the regressions.  This is further evidence to be added to that from 

Table 2, indicating little financial performance enhancement in the mid-1980s arising 

from patenting activity. 

 

V Patent Counts and Financial Performance 

The remarks we will make in this section apply, strictly speaking, to the patenting 

activity data for 1981-909 and the financial performance data for 1986.  However, if 

the latter were instead 1987 data, the remarks made would be very similar.  Total 

count of patenting activity is scarcely correlated with gearing, liquidity or exports.  

Not surprisingly, it is generally highly correlated with individual patent counts.  For 

example, it correlates highly (r = 0.63) with the count on world applications.  Between 

regimes, individual counts are generally less highly correlated.  For example, the 

count on GB applications has a correlation of r = 0.30 with the count on European 

applications.  In this case the correlation is partly a result of securing UK intellectual 

property rights through the European route.  Within regimes, individual counts are 

generally highly correlated.  For example, the count on GB patent grants correlates 

highly (r = 0.98) with the count on GB applications, and the comparable correlation 

for the European case is also high (r = 0.98). 

   Total count is moderately positively correlated with size, being r = 0.39 for sales, 

r = 0.44 for employment and r = 0.43 for assets.  This relationship shows evidence of 

being non-linear, and is more fully analysed below.  Individual regime count measures 

correlate less strongly with size.  For example, the count on world applications has a 

negligible correlation (r = 0.06) with sales, and with employment (r = 0.04).  Total 

count is weakly positively correlated with the pre-tax profit margin (r = 0.22) but not 

at all with the return on capital (r = 0.02).  It correlates quite highly with the level of 

net profit before tax (r = 0.55).  This is a relationship that will be explored in some 

econometric detail in a further study. 
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   The count on world applications shows a somewhat higher correlation than does 

total count with financial performance measures like operating profit margin 

(r = 0.34), trading profit margin (r = 0.36) and the pre-tax profit margin (r = 0.26).  

This confirms what our original argument on patent quality suggested, namely, the 

greater the willingness to extend the scope of protection of intellectual property, the 

greater its potential value.  If attention is restricted to correlations for just the first 

thirty-two (patenting) firms, the above results are broadly sustained. 

[Table 6 near here] 

   Regarding general features of the count data, as illustrated in Table 6, applications 

and grants are highly correlated, but patents granted are typically far fewer than 

patents applied for.  Taking some examples, one finds Renishaw, which tends to 

favour a European patenting style, making 86 European applications but receiving just 

23 European patents (i.e. 27% granted).  Barr & Stroud, which favours a British 

patenting style, made 63 applications and received 36 (i.e. 57% granted).  Overall, the 

patenting group made an average of 5.67 GB patent applications and received an 

average of 3.68 patents (i.e. 65% granted). 

   Finally, consider the very detailed breakdown which Table 6 gives of the patenting 

activity of the three dominant patenting firms, as identified in Table 5.  The 

comparisons are of particular interest for two reasons.  Firstly, both Renishaw plc and 

Barr & Stroud have very similar counts of total patenting activity, yet the distribution 

of such activities by patent regimes is very different.  Secondly, Barr & Stroud and 

Marconi have very similar technological capabilities, yet again their patterns of 

patenting activity are quite different.  Renishaw plc is a company with leading edge 

technological capability in the machine tools area.  It engages in very little exclusive 

UK patenting activity.  Over the period 1981-90 it made only three British patent 

applications and had two patents granted.  By contrast, Barr & Stroud concentrated 

most of its patenting activity in Britain.  It made 52 applications over the same period 

and had 42 grants of patent.  Renishaw plc commonly took the World patent 

protection route (70 applications), and evidently nominated Germany (formerly the 
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Federal Republic of Germany) as one of the countries in which it sought patent 

protection.  This in part explains the statistics of two German applications, yet 

seventeen grants of patent for this company.10  It is particularly important for 

Renishaw to protect intellectual property in Germany, because this country has several 

firms which are major rivals in the machine tools area.  A similar case holds for the 

USA and Japan, and this is reflected in the patenting activity.  Indeed, forty-six US 

patents granted is the highest single country patent grant count by far for any firm in 

the sample, considering non-British regimes. 

   By contrast, Barr & Stroud, with a very similar total patent activity count (269), has 

a quite different patenting style.  British patenting is important, because much of this 

company's work is defence oriented.  The Defence Research Agency (DRA) is active 

in funding defence related work on behalf of the Ministry of Defence (MoD), and Barr 

& Stroud and Marconi often compete head-on for its contracts.  It is therefore 

important to secure intellectual property rights domestically, and this is reflected in 

the high volume of patenting activity undertaken by both these firms in the UK.  This 

aside, the patenting styles of Barr & Stroud and Marconi differ markedly.  It is clear, 

therefore, that technological capability is only part of the explanation for patenting 

style.  As well as the supply side, the demand side needs to be considered.  Specialist 

customer needs in overseas market niches will play a role in explaining differences in 

patenting style between Barr & Stroud and Marconi. 

 

VI Patenting Activity and Size 

It can be argued that the larger is the firm, the greater is the opportunity for 

specialisation within it (for example in R&D), the greater are the resources which can 

be diverted to R&D, and the greater are the opportunities for diversifying away the 

risk of R&D.  One might, therefore, expect size-related effects to arise, with perhaps a 

tendency for innovative activity, as measured by patenting activity, being undertaken 

proportionately more by larger firms.  Thus if we write Patenting = F(Size), we 

certainly expect F' > 0, but we are also interested in whether F''  
<
>
0.  If F'' > 0 this 
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indicates an unqualified size advantage in innovation, and would accord, for example, 

with a Schumpeterian view of capitalist progress, or a modern variant thereof, as in 

Futia (1980). 

   For exploratory purposes, a simple quadratic specification may be used, with 

Patenting = a + b Size + c Size².  We expect b > 0 in all cases, but c > 0 would 

indicate special scale advantages for larger firms: as indicated by a convex 

relationship between size and patenting.  If c < 0, then size advantage is not 

inevitable, and the implied concavity of the function F(·) implies that a point may be 

reached at which size is no longer advantageous in the innovation process.  For 

example, the bureaucratisation of production as size increases may stifle innovation.  

Mere reproduction of known processes might be more appealing than the unsettling 

effects of innovation.  If this is so, then the possibility arises of an optimum size of 

firm with respect to innovation.  This size is of course determined as the root 

(assumed unique) of the equation F'(Size) = 0.  In the case of the quadratic function, 

the size which maximises patenting activity is - b / 2c, under the assumption that c < 0 

(i.e. concavity).  

   A variety of patenting/size functions were estimated from the database, using either 

the total patenting activity count or the patent family count as the dependent variable; 

and sales, employment or assets as the independent variable, sometimes in 

conjunction with other independent variables.  They produce revealing results which 

appear to be robust.  They are consistent too with results discovered using an R&D 

expenditure/size relationship, as in Acs and Audretsch (1988). 

[Table 7 near here] 

   In equation (a) of Table 7 the size variable is sales in 1986, and the dependent 

variable is the total count of all patenting activities.  Estimates for (a) were obtained 

using White's heteroskedastic-consistent covariance matrix.  The b and c coefficients 

are highly statistically significant on t-tests, as is the overall fit on an F-test.  Under 

trimmed regression, coefficient signs are stable, and significance is high.  For 

example, with trimming parameter θ = 0.25, estimates of b and c (and t-values) are:  
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0.46.10-3 (3.27) and -0.28.10-8 (-2.20) respectively.  Under this degree of trimming, 50 

observations are retained.  One cannot therefore attribute the concave effect to 

outliers.  If the year is changed to 1987 [column(c) of Table 7] significance falls, but 

the concave relationship is still evident.  If the size variable is changed as well, from 

sales to assets [column (d) of Table 7] significance is improved again, and the same 

concave patenting/size relationship is suggested. 

   The addition of extra exogenous variables does not improve explained variation a 

great deal, as illustrated by column (b) in Table 7, where 'return on assets' and 

'liquidity' variables are introduced, but fail to be significant.  If the dependent variable 

is changed (to 1987) and the size variable changed (to assets) as in column (f) of 

Table 7, the concave innovation/size relationship remains robust.  The linear and 

quadratic asset size variables are highly significant, as is the overall regression. 

   We conclude, therefore, that in the case of UK scientific instruments, there is a 

highly robust size effect on innovation, as measured either by patent family or by total 

patenting activity.  This suggests that innovation increases with size, but at a 

decreasing rate.  For the firms in our sample, this rate of reduction is sufficiently fast 

that it is possible to define an optimal firm size, in the sense of that size which 

maximises innovation, as measured in the two ways used, families and total count.  

Using the (- b / 2c) formula to compute an optimal size, and by reference to the assets 

equations for 1986 and 1987, one gets (b, c) values of (0.30.10-2, -0.24.10-7) and 

(0.63.10-3, -0.33.10-8) respectively, where assets are measured in nominal £000s.  

These imply an optimal size in terms of assets in 1986 of £62.5m, and in 1987 of 

£95.4m.  The former size was around that of Cambridge Instruments in 1986, which 

then had assets of £60.1m.  It was one of the most active innovators in the sample 

[cf. Table 5], and, whilst relatively large (e.g. 1,334 employees), had about six firms 

larger than it by employment.  The latter optimal asset size (£95.4m) was again, in 

1987, closest to that of Cambridge Instruments, which at that time had assets of 

£97.97m.  This put it high in the size ranking by assets, but not at the top, being 
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exceeded by United Scientific Holdings (£169.4m) and ABB Kent Holdings 

(£111.4m) [cf. Table 3]. 

   Obviously the specifications adopted are simple, and intendedly exploratory.  They 

are, nevertheless, robust and revealing.  In particular they suggest an optimal firm size 

in the UK scientific instruments industry which is some way short of the largest, and 

corresponds closely, for two separate years, to the size of one of the most successful 

and innovative companies in the industry.11  In short, the evidence rejects the 

Schumpeterian hypothesis. 

 

VII Conclusion 

The main purpose of this paper has been to present the bare bones of a new database 

of patent quality, and to put flesh on these bones in terms of indicating the range of 

empirical issues which can be addressed.  Essentially four issues were explored.  

(a) The first concerned differences between the patenting and non-patenting groups of 

firms with respect to financial and size data for 1986 and 1987.  It was found that the 

patenting firms were at least three times larger than the non-patenting firms, but 

enjoyed no financial performance advantage, in terms of various rates of return and 

margins variables.  This appears to refute the hypothesis that patenting confers some 

tangible marketplace advantage on the patentees.  It may be that the non-patenting 

firms are protecting their intellectual property in some other way.  For example, 

secrecy may be important to smaller firms in the industry.  In their study of the semi-

conductor industry Braun and MacDonald (1982) found that firms preferred to keep 

quiet about their R&D activities, and depended on rapid exploitation of intellectual 

property for marketplace advantage.  By the times rivals had discovered the nature of 

the new intellectual property, and begun a process of imitation, the market niche 

would have been harvested.  Another possibility is that non-patenting firms are 

benefiting from technological diffusion.  This might be occurring by free transfer of 

intellectual property within the larger net of firm relations that enmeshes the non-

patenting firms.  Most obviously, it may benefit from innovative activity of a home or 
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overseas parent company.  Certainly, we know that subsidiaries are much more highly 

represented amongst the non-patenting compared to the patenting companies, which 

increases the plausibility of this argument.  It is also possible that the non-patenting 

firms are getting spillover benefits from the patenting firms which do not formally 

violate patent protection , but do create the possibility of implementing a competitive 

technological substitute to the new products being brought onstream by the patenting 

firms.  Further, it cannot be entirely ruled out, if competitive stakes are high, that non-

patenting firms will simply run the risk of detection, hoping that secrecy will give 

them some protection while profits are high, and that if they are eventually detected 

that high litigation costs will discourage the firm with the violated patent from 

asserting its rightful claim over its intellectual property.  The offended firm may in 

any case prefer some market based sanction to legal sanction against its pirating rival, 

exerted perhaps through its network of contractual relations (e.g. contriving loss of 

contracts to deceitful rivals).  Finally, it is possible that in an entirely legitimate way, 

non-patenting firms are maintaining, or even getting the edge in, competitive 

advantage, through licensing arrangements.  These may be agreed with firms external 

to the UK scientific instruments industry, but may in some cases even be agreed with 

firms within the patenting group. 

   (b) The second empirical concern of this paper was with concentration on the supply 

side and market fragmentation on the demand side.  Irrespective of what Ck

t
 measure 

one uses, by choice of sales, assets or employment and by choice of t or k, the result is 

the same: concentration is low.  Even for choices of k up to five, the largest firms (all 

of whom are in the patenting group) supply less than 50% of the total market in 

scientific instruments.  This would seem to indicate low concentration compared to 

many other technologically based industries, and might seem to imply low market 

power.  Of course, this begs the question as to how the largest firms come to be 

always in the patenting group.  To have achieved this status, they may have found the 

entirely legitimate short-run monopolies conferred by patents to have been 

competitively advantageous.  But probably more important is the fragmentation of the 
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market on the demand side, and the matching of such specialised market niches with 

equally specialised firm-specific technological capabilities.  It was seen that some 

firms in the patenting group have technological capabilities over several market 

segments.  This will tend to enhance further their bargaining power over customers in 

specialised niche markets who have few supply options. 

   (c) The third empirical concern was with patenting activity (measured by total count 

or by families over 1981-90) and financial performance (in 1986-87).  Within the 

strict confines of the data presented, the evidence for financial performance advantage 

if one is a patenting firm, rather than a non-patenting firm, is slim.  For example, 

profit margins are not correlated with counts (normalised by sales) for the full sample 

of firms.  Yet there are shreds of evidence that this rather damning evidence against 

patenting endeavours by firms may be weakened.  For example, there does seem to be 

a relationship between net profit before tax and total patenting activity, and also 

between world applications and returns.  We hope to tease out the nature of the 

relationship in a later paper, and are not sure at this moment whether or not there is 

simply a size effect at work.  Further, if one confines attention to just the most active 

patenting firms, and looks at their performance over the full decade, then there does 

seem to be a relationship between performance and willingness to protect intellectual 

property.  This effect is not strong, and the sub-sample in which it is observed is very 

small.  Of course, it still does not account for the apparent inability of the patenting 

group of firms to achieve better performance than the non-patenting group.  We would 

like to reserve judgement on whether our negative results will hold up, when the 

financial performance data are extended to match the full patenting period.  This is an 

investigation we are actively pursuing. 

   (d) The fourth empirical concern was with the Schumpeterian type of hypothesis, to 

the effect that larger firms have specialisation and risk-spreading advantage over small 

firms when it comes to R&D and this will be reflected in a monotonically increasing 

and convex relationship between patenting activity and size.  We find that this 

hypothesis is unambiguously refuted.  The relationship between patenting activity and 
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size is clearly monotonically increasing, but is concave, rather than convex.  This 

indicates size advantage is not unlimited, and if the concavity is sufficiently 

pronounced, an optimal firm size, from the standpoint of patenting activity, is implied.  

The concave patenting/size relationship was shown to hold for different patenting and 

size measures, and for different years.  It was also robust under trimmed regression, 

ruling out excessive influence on the results of outliers.  Based on the estimates, it 

proved possible to derive estimates for optimal firm size, from the patenting activity 

maximisation standpoint, in the UK scientific instruments industry.  This size turned 

out to correspond with the size, over several dimensions, of one of the most successful 

firms, in terms of performance, in the industry.  This would be a further caution 

against too rapidly assuming that patenting activity confers no performance 

advantage. 

   In the light of the above, our current work is concerned with considering the 

possibility that long-term and short-term performance advantages from patenting 

activity should be distinguished.  Current evidence certainly casts considerable doubts 

on the short term evidence for performance advantage.  In the face of the palpable 

evidence that larger firms in the industry do patent quite vigorously, we retain an open 

mind on the possibility that long-term performance advantages may flow from this. 
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 Footnotes 

 

* Parts of this paper have previously been reported to the Industrial Economics 

Study Group (IESG) meeting on Scientific Performance and Technological 

Progress, London Business School, 15 October 1993 by Gavin Reid, and to the 

Staff Workshop and Seminar series, Department of Economics, University of 

St Andrews, 27 January 1994 by Pamela Siler.  The paper has been put in its 

present form, with much new material, for presentation to the SATSU/IPR 

Study Group meeting on 23 March 1994, sponsored by the ESRC and to be 

held at Danbury Park, Chelmsford under the auspices of Anglia Polytechnic 

University of Cambridge on 23/24 March 1994.  The authors accept entire 

responsibility for such errors of omission or commission as this paper may 

contain, whilst gratefully acknowledging comments from seminar participants.  

Particular thanks are expressed to our other co-worker, Dr Colin Roberts, of 

the University of Edinburgh who has been involved in this project on quality 

of patenting from its inception.  He will be reporting on more econometric 

aspects of this work in the near future.  We all acknowledge the generous grant 

support of the Nuffield Foundation, and express gratitude for its willingness to 

extend considerably the grant peiod, so that the complex work of completing 

the database could be concluded. 
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APPENDIX 

 

Definitions of Variables (These relate mainly to Table 2) 

 

 

 

Source:  ICC Business Ratio Report (1989) 

 

 

Assets:   

 Sum of stocks, Trade debtors and Other current assets 

 

Net Profit Before Tax:   

 Net profit on ordinary activities before taxation 

 

Return on Capital:  

 Pre-tax profit/Capital employed 

 

Return on Assets:   

 Pre-tax profit/Total assets 

 

Return on Shareholders' Funds:  

 Pre-tax profit/Shareholder's funds 

 

Trading Profit Margin:  

 Operating profit plus Depreciation/Sales 

 

Operating Profit Margin:  

 Pre-tax profit plus Interest less Non-trading income/Sales 

 

Pre-tax Profit Margin:  

 Pre-tax profit/Sales 

 

Gearing:  

 Shareholders' funds/Total liabilities 

 

Liquidity:  

 Current assets/Current liabilities (i.e. 'current ratio') 

 

Export Ratio: Export/Sales 
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Ownership Patenting Group Non-Patenting Group 

Independent 46% 28% 

UK owned 34% 30% 

US owned 17% 25% 

European owned 3% 16% 

Other 0% 2% 

 

 

Notes: Small rounding errors in percentages 

Ownership as specified in the 1989 ICC Business Ratio Report on Scientific 

Instrument Manufacturers 

 

 

 

 

 

UK Scientific Instruments Industry:  Ownership Pattern 

 

TABLE 1 
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YEAR 1986 1987 

 Status (a) 

Patentees 

(b) Non-

Patentees 

(c) 

Patentees 

(d) Non-

Patentees 

Variable  (n1=35) (n2=57) (n1=32) (n2=51) 

Sales 

 

Employees 

 

Assets 

 

Net Profit (Before tax) 

 

Return on Capital 

 

Return on Assets 

 

Return on Shareholders'  

Funds 

Trading Profit Margin 

 

Operating Profit Margin 

 

Pre-Tax Profit Margin 

 

Gearing 

 

Liquidity 

 

Export Ratio 

26,863 

(37,916) 

749 

(1050) 

22,776 

(33,040) 

2,315 

(4,451) 

16.5 

(100.6) 

4.6 

(12.6) 

-38.4 

(416.1) 

8.4 

(9.9) 

5.6 

(9.5) 

4.3 

(10.5) 

0.37 

(0.24) 

1.74 

(0.71) 

42.8 

(19.3) 

8,242 

(12,331) 

218 

(320) 

6,308 

(9,437) 

38 

(2,616) 

18.5 

(30.0) 

7.4 

(15.4) 

16.0 

(52.4) 

7.2 

(9.0) 

5.0 

(9.1) 

5.7 

(9.1) 

0.37 

(0.19) 

1.78 

(0.80) 

37.9 

(20.5) 

31,253 

(41,795) 

817 

(1,118) 

29,276 

(41,918) 

2,875 

(4,984) 

4.1 

(33.2) 

4.1 

(14.2) 

20.3 

(154.5) 

8.9 

(9.9) 

6.2 

(9.6) 

5.0 

(9.1) 

0.40 

(0.20) 

1.90 

(0.88) 

35.1 

(18.9) 

9,643 

(14,073) 

224 

(314) 

6,556 

(9,578) 

506 

(902) 

18.8 

(56.0) 

7.5 

(10.8) 

21.5 

(61.6) 

7.9 

(6.6) 

6.3 

(7.0) 

6.2 

(9.5) 

0.39 

(0.22) 

1.97 

(1.05) 

35.0 

(21.7) 

 

Notes: Entries are mean values with standard deviations in brackets. 

Source:  ICC Business Ratio Report (1989) on Scientific Instrument 

Manufacturers. 

 See Appendix for detailed definitions of variables 

 

 

UK Scientific Instruments Industry 1986, 1987 

Size, Capital Structure, and Performance Indicators  

for Patenting and Non-Patenting Firms 

 

TABLE 2
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1986 1987 

I   BY SALES (£000s) 

ABB Kent (Holdings) plc 

United Scientific Holdings 

Oxford Instruments 

Eurotherm International plc 

Marconi Instruments 

137,197 

117,888 

100,671 

99,361 

90,232 

United Scientific Holdings 

ABB Kent (Holdings) plc 

Cambridge Instruments 

Eurotherm International plc 

Oxford Instruments 

120,239 

117,504 

116,518 

111,643 

99,987 

C Sales3

86
0 2523( ) .=  

C Sales4

86 0 3228( ) .=  

C Sales5

86 0 3868( ) .=  

C Sales3

87
0 2375( ) .=  

C Sales4

87 0 3123( ) .=  

C Sales5

87 0 3793( ) .=  

II   BY EMPLOYEES 

ABB Kent (Holdings) plc 

Marconi Instruments 

United Scientific Holdings 

Barr & Stroud 

Eurotherm International plc 

4,212 

3,296 

3,209 

2,430 

2,160 

ABB Kent (Holdings) plc 

Marconi Instruments 

Cambridge Instruments 

United Scientific Holdings 

Eurotherm International plc 

3,905 

3,168 

3,161 

2,913 

2,364 

C Employees3

86 0 2776( ) .=  

C Employees4

86 0 3405( ) .=  

C Employees5

86
0 3964( ) .=  

C Employees3

87 0 2722( ) .=  

C Employees4

87 0 3496( ) .=  

C Employees5

87
0 4125( ) .=  

III   BY ASSETS (£000s) 

ABB Kent (Holdings) plc 

United Scientific Holdings 

Oxford Instruments 

Eurotherm International plc 

Marconi Instruments 

120,569 

112,179 

83,017 

73,744 

70,787 

United Scientific Holdings 

ABB Kent (Holdings) plc 

Cambridge Instruments 

Oxford Instruments 

Eurotherm International plc 

169,385 

111,369 

97,966 

92,251 

83,913 

C Assets3

86 0 2730( ) .=  

C Assets4

86 0 3367( ) .=  

C Assets5

86 0 3979( ) .=  

C Assets3

87 0 2979( ) .=  

C Assets4

87 0 3705( ) .=  

C Assets5

87 0 4365( ) .=  

 

Notes: The ultimate holding company for ABB Kent (Holdings) plc is ABB Kent 

Asea Brown Boveri Ltd (Switzerland). 

 The ultimate holding company for Marconi Instruments is the General Electric 

Co. plc. 

 United Scientific, Oxford Instruments, Cambridge Instruments and Eurotherm 

International plc are independents. 

 

UK Scientific Instruments Industry 1986, 1987 

3, 4 & 5-Firm Concentration Ratios by Sales, Employees and Assets 

 

TABLE 3 
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FIRM ID FAMILY TITLE IPC 

1 

5 

28 

34 

29 

33 

8 

1 

optical measuring 

optical monitoring 

thickness measurement 

optical measurement 

G01B 

G01B 

G01B 

G01B 

1 

2 

5 

33 

18 

7 

laser control 

laser discharge 

gas lasers 

H01S 

H01S 

H01S 

1 

12 

45 

2 

interferometer 

interferometric 

G01B 

G01B 

3 

29 

10 

6 

immunoassay 

immunostaining 

G01N 

G01N 

5 

13 

25 

1 

fire control system 

fire control 

F41G 

F41G 

5 

19 

54 

1 

cardiac pacemaker 

defribillator 

A61N 

A61N 

2 

6 

4 

6 

1 

5 

imaging substance 

image analyser 

image comparison 

G01N 

G01N 

G01N 

11 

24 

1 

8 

electric motor 

dynamometer/electric machine 

H02K 

H02K 

11 

23 

5 

1 

metering system 

chart recorder 

G01D 

G01D 

13 

14 

3 

23 

transmission control 

toggle-linkage 

F16H 

F16H 

14 

33 

3 

3 

frequency synthesiser 

frequency synthesiser 

H03L 

H03L 

14 

30 

12 

1 

frequency counting 

measuring instrument 

G01R 

G01R 

14 

28 

55 

1 

sample and hold circuit 

information storage 

G11C 

G11C 

16 

29 

2 

1 

cell apparatus 

cystology filter 

B01D 

B01D 

 

 

Notes: 'FIRM ID' is the identification number assigned to the firm 

 'FAMILY' is the number assigned to the patent family within the firm 

 'TITLE' briefly identifies the inventive step being taken  

'IPC' is the International Patent Classification number relevant to this 

inventive step 

 

 

Groupings of Patent Families by Technological Types using 

International Patent Classification Numbers (IPCs) 

 

TABLE 4 
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AVERAGE ANNUAL

PATENTING ACTIVITY GROWTH RATES TRADING PROFITS

1 2 3 4 5 6 7 8 9 10 11 12

FIRM OWNED EMPLOY PATENT TOT PAT GB EP WO US SALES EMPLOY AVG MAR STD 

1986 FAMILIES ACTIVITY APP APP APP GRANT 1984-90 1984-90 1984-90 MARGIN

RENISHAW IND 505 80 270 3 86 70 46 29.4 20.3 34.8 4.73

BARR & STROUD UK 2430 59 269 52 2 0 23 2.35 -4.1 7.4 7.4

MARCONI INSTR UK 3296 58 186 63 30 2 23 6.1 -0.01 13.45 3.15

CAMBRIDGE INSTR IND 1334 44 93 20 7 2 21 n.a n.a 10.65 3.8

 

 

Notes: a  Cut-off point for exclusion from this Table is Total Patenting 

Activity (col.4) < 20. 

b  Col. 4 Total Patenting Activity is sum of all counts possible for 35 

categories of count data (applications, grants etc for various 

regimes), derived from Inpadoc database:  Col.s 3 to 8 derived 

from same source.  Patent families each constructed from a 

unique priority date. 

c  Col. 1 Ownership based on Business Ratio Report: an industry sector 

analysis - scientific instrument manufacturing (1989).  The 

ultimate holding company for Barr & Stroud is Pilkington plc, 

for Marconi Instruments is The General Electric Co. plc, and 

for Analytical Instruments is The Microsystems Group plc.  

The rest are UK independents. 

d  Col. 12 Employees based on 1986 data in 1989 ICC Business Ratio 

Report.  Col.s 1, 2 and 9-12 derived from various ICC Business 

Ratio Reports. 

e  Col.s 5-8 Refer to British, European and World applications for patent, 

respectively, and US grants of patent. 

 

 

Patenting Activity and Performance Indicators of Firms with Highest Activity 

 

TABLE 5 
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 (1) 

Renishaw plc 

(2) 

Barr & Stroud 

(3) 

Marconi Instruments 

UNT 

CGBAPP 

CGBPAT 

CEPAPP 

CEPPAT 

CWOAPP 

CUSPAT 

CDEAPP 

CDEPAT 

CJAPP 

CJPPAT 

CCNAPP 

CAUAPP 

CAUPAT 

CKRPAT 

CSEA 

CSEB 

CSEC 

CCAAPP 

CFRAPP 

CFRPAT 

CNLAPP 

CBEAPP 

CYUAPP 

CYUPAT 

CINAPP 

CITAPP 

etc... 

 270 

3 

2 

86 

23 

70 

46 

2 

17 

18 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

 

  269 

52 

42 

2 

1 

0 

23 

23 

1 

4 

0 

0 

0 

0 

0 

11 

9 

7 

4 

21 

14 

9 

6 

7 

1 

8 

11 

  186 

63 

36 

30 

5 

2 

23 

3 

5 

12 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

 

Notes: Country codes:  AU-Australia, BE-Belgium, CA-Canada, CN-China, DE former Federal 

Republic of Germany, FR-France, GB-United Kingdom, IN-India, IT-Italy, JP-Japan, KR-Republic of 

Korea, NL-Netherlands, SE-Sweden, US-United States of America, YU-Yugoslavia, EP-European 

Patent Office, WO-World Intellectual Property Organization (PCT); 'C' prefix denotes 'count'.  'APP' 

and 'PAT' suffixes denote 'application' and 'patent grant' respectively. 

 Renishaw plc specialises in advanced precision metrology, inspection equipment, 

computer aided design and manufacturing systems (e.g. machine tools, measuring probes, 

position and contact sensing). 

 Barr & Stroud is a high technology engineering firm with diverse skills in the 

development and manufacture of specialised optical, mechanical, electrical, and electronic 

equipment (e.g. laser telemetry, infrared lens assemblies, optical imaging).  Much activity is 

indirectly, or directly defence related (e.g. missile guidance, periscopes, gunfire control). 

 Marconi Instruments produces a wide range of electronic, test, measurement, 

simulation and computer-aided design equipment.  Core technical capability in defence areas 

lies with Ferranti.  Here, they may compete directly with Barr & Stroud. 

 

Patenting 'Styles' for Top Three Patentees: 

Engaging in Similar (2)-(3), and Dissimilar (1)-(2), (1)-(3) Activities 

 

TABLE 6 



29 

 

 

 DEPENDENT VARIABLE 

  

COUNT OF ALL PATENTING ACTIVITY 

COUNT OF PATENT 

FAMILY 

 1986 1987 1986 1987 

Independent 

Variables 

(a) (b) (c) (d) (e) (f) 

Constant 

 

Sales 

 

Sales² 

 

Assets 

 

Assets² 

 

Return on 

Assets 

 

Liquidity 

 

-7.10 

(-1.70) 

0.21 

(2.40) 

-0.14.10-7 
(-2.07) 

- 

 

- 

 

- 

 

- 

0.83 

(0.76.10-

1) 

0.22.10-2 

(4.50) 

-0.15.10-

7 

(-3.32) 

- 

 

- 

 

0.45 

(1.51) 

-6.42 

(-1.13) 

-5.18 

(-1.11) 

0.16.10-2 

(1.67) 

-0.88 

(-1.10) 

- 

 

- 

 

- 

 

- 

-6.87 

(-1.27) 

- 

 

- 

 

0.22.10-2 

(5.59) 

-0.13.10-

7 

(-4.22) 

- 

 

- 

-1.86 

(-1.18) 

0.65.10-3 

(4.70) 

-0.41.10-

8 

(-3.32) 

- 

 

- 

 

- 

 

- 

-1.56 

(-1.04) 

- 

 

- 

 

0.63.10-3 

(5.69) 

-0.33.10-8 

(-3.80) 

- 

 

- 

R2 

F 

n 

0.24 

14.00 

92 

0.26 

7.75 

92 

0.22 

11.10 

83 

0.32 

18.89 

83 

0.28 

17.39 

92 

0.37 

23.88 

83 

F(k, n-k)0.05          
t(n-k)0.025                 

3.15 

1.99 

2.53 

1.99 

3.15 

1.99 

3.15 

1.99 

3.15 

1.99 

3.15 

1.99 

 

 

 

 

Notes: All regressions run using ordinary least squares.  Regression (a) 

uses White's heteroskedastic-consistent covariance matrix.  Patent 

counts are based on period 1981-90, and extracted from Inpadoc 

database.  Size and financial variables for 1986 and 1987 are drawn 

from the 1989 ICC Business Ratio Report: an industry sector 

analysis - scientific instrument manufacturing. 
 

 

 

 

 

 

 

 

 

Regressions of Patenting on Size Variables  

TABLE 7 
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1 In Reid, Siler and Smith (1994) we show in a detailed way how patent families can be 

constructed using the INPADOC database.  The process is illustrated by reference to 

Renishaw plc, one of the leading patentees in the UK scientific instruments industry.  In this 

paper, we take such detail of method as read. 

2
 For example, companies such as Fisons, which have interests in scientific instruments, but also 

extensive interests outside of the industry (in this case, Pharmaceuticals), are not included in 

the ICC report for this industry and thus are not in our database. 

3
  See, for example, Reid (1987, Ch.2) where it is shown that the price-cost margin is 

Ck
2/[a + b(1 - Ck )] where a is industry elasticity of demand and b is elasticity of fringe 

supply. 

4
  This finding is consistent with the strongly maintained view of Acs and Audretsch (1988) that 

there is a negative relationship between concentration and innovation. 

5
 This system of coding is the most widely adopted internationally and is administered by the 

World Intellectual Property Organisation (WIPO).  It is used by over seventy countries.  The 

system is hierarchical, and classifies patents by functions i.e. by similar solutions to the same 

technical problem.  For example, valves used to control fluid flows in breweries or sewage 

treatment plants would be classified together as their functions are the same viz. controlling 

fluid flows.  See van Dulken (1990) for general commentary and Bosworth (1986, Appendix 

10) for an example of the classification hierarchy. 

6 These groups are based on the IPC system mentioned in the previous footnote.  They are 

therefore determined on technological or functional principles.  These may not be aligned with 

some economists' notions of products or well-defined industries.  However, as Griliches (1990, 

p.1666) remarks, these 'may be a mirage anyway'. 

7  Though sample size is very small here, so inferences are somewhat dangerous, there is in fact 

some statistical evidence of association here.  For example, employment growth and family 

have a correlation of r = 0.43, and total count and standard margin have a correlation 

coefficient of r = 0.57.  Both family and count appear weakly positively correlated with size 

and with performance.  But the caveats mentioned in the main text still have some force. 

8  It must be borne in mind that we have only related two years of financial data to what could, 

for some firms, be a decade of patenting.  Ideally, we should get a full decade of financial data 

as well, before assuming the non-existence of a profits margin/patent count relationship is a 

universal effect. 

9 Generally, some of our families will not be complete due to time lags - the families started in 

1988 may see grants in 1992 - outside of our time period.  The firms which have more families 

started in earlier years (Barr & Stroud) will have more families than those who have more 

families started in later years (Renishaw).  Also, any patent category which becomes more 

popular over time (e.g. European patents) will not have as many grants due to these time lags.  

Differences in grant rates between countries are reported by Griliches (1990, p.1663). 

10 The reason for this anomaly probably also has a lot to do with the institutional framework of 

the German system.  First of all, there is a large time lag in the German system.  The applicant 

has 7 years from the publication of the application to decide whether or not to ask for an 

examination.  The other more important point is that speedily processed applications may be 

published only once as a Patentschrift, which is the grant.  We are probably seeing a number 

of these in the database.  These points on the German system are reported in van Dulken 

(1990, pp.39-40). 

11  Between 1986 and 1987 Cambridge Instruments grew by 137% (by employment). 

 


