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Abstract 

This paper investigates the international technological specialization of the British regions in 

the interwar period. It is based on a novel dataset of more than 8,000 patents granted in the 

USA to British inventions. The analysis focuses on the impact of the dispersion of corporate 

innovation on the pattern of regional technological advantage, and contributes to the debate 

concerning the role of corporate innovation in the international relative decline of the British 

economy in the interwar period. Overall, the rise of corporate innovation in the largest firms 

in Britain did play a significant role in the technological profile of the regions. However, 

corporate innovation was only to a limited extent associated with the technological fields 

characterised by high technological opportunities.  

 

 

 

 

Key words: Innovation, technological advantage, British regions, interwar Britain, 

corporations. 

                                                 
1
 We wish to thank Simon Burke, Mark Casson, Alessandra Ferrari, Andrew Godley, Carol E. Heim, Elsen Ho, 

Yonsuk Park, Neil Rollings, Peter Scott and Jochen Streb for their invaluable comments. Any errors are our 

own. 

2
 Corresponding author: Anna Spadavecchia (a.spadavecchia@henley.reading.ac.uk) 

 

mailto:a.spadavecchia@henley.reading.ac.uk


 Electronic copy available at: http://ssrn.com/abstract=2643008 

2 

 

INTRODUCTION 

 

Innovation, particularly in the form of the development and adoption of new 

technologies, is central to long-term industrial competitiveness, economic growth and rising 

living standards. Britain in the interwar period constitutes a particularly interesting case 

study, as it witnessed significant economic fluctuations and changing fortunes in its role as an 

international economic power. 

Researchers have pointed out that the British interwar economy was characterised by 

extremely high rates of unemployment, declining international trade and an industrial 

structure dominated by industries in secular decline. It has been often stated that failings in 

industrial research and development (henceforth R&D) explain, at least in part, the long-term 

decline of British industry.
3
 Furthermore, it has been argued that British industry during the 

interwar period was locked into those sectors and fields of innovation that had once assured 

the growth of the British economy, but at a time when technological opportunities were rising 

more rapidly elsewhere.
4
 

Other studies have disputed this interpretation, pointing out that Britain witnessed 

significant and expanding R&D across its industries, impressive levels of corporate 

innovation, and the rapid expansion of ‘new’ assembly and science-based industries. 

Important innovations took place in both product and process technologies, with major 

changes in the scale, organisation and geography of industrial development.
5
  Moreover, 

industrial R&D was unfavourably compared with government-sponsored research by 
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contemporary commentators. Their discussion concentrates mainly on the activities of the 

Department of Scientific and Industrial Research (henceforth DSIR), established in 1915, and 

government-sponsored research undertaken by the Co-operative Research Associations 

(henceforth CRAs) since 1918 (information about the CRAs are provided in Table A.3 in the 

Appendix). Comparisons of the expenditures in R&D undertaken by the DSIR and by 

corporations (the latter based on reports from the Federation of the British Industry) clearly 

indicate that corporate expenditure in R&D was far greater. However, corporate secrecy 

about their innovation activity had led to underestimations of their R&D efforts, particularly 

compared to the DSIR and the CRAs that disclosed information on their use of public 

finance.
6
 

This paper contributes to the debates mentioned above. It analyses the comparative 

technological advantage of British regions, and assesses the extent to which such advantage 

was driven by the innovation activity of corporations, by government-sponsored research 

through the CRAs and by the pre-existent technological advantage within the geographical 

unit. Furthermore, it assesses whether the technological specialisation of British regions was 

aligned with technological opportunities within fields and quality of inventions. This issue 

from a regional perspective, as regions differed significantly in their levels of economic 

activity in the interwar period.
7
 Moreover, regional differentials are particularly important 

when studying innovation, as knowledge externalities are geographically bounded.  

The research is based on a novel dataset including information on patents granted in 

the USA to British inventions, an indicator that enables us to investigate the international 

technological specialization of British regions, rather than merely their domestic 
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specialisation. This paper is structured in four sections. The first section presents the dataset; 

it discusses the advantages and limitations of patent data as a proxy for innovation, and how 

the limitations are addressed in the current work. The second section maps the distribution of 

innovation activity across British regions, and studies their international technological 

advantage, i.e. the Revealed Technological Advantage (RTA). The third section provides an 

overview of the innovation activity of corporations. The fourth section assesses the extent to 

which regional RTAs are explained by corporate innovative activity and other factors, 

including pre-existing technological advantage. The final section draws the conclusions.  

 

1. THE DATASET 

 

The dataset includes information on all patents granted in the USA to British inventions 

in the following benchmark years: 1918-19, 1925-26 and 1930-32. The total number of 

patents examined is 8,136. Ten patent records had to be excluded, as it was not possible to 

identify the location of the invention. We have classified each patent according to its primary 

technological field (56 technological fields or sectors in total, see Table A.1 in the Appendix) 

and the region of invention, using the standard Nomenclature of Territorial Units for 

Statistics at level 2 of disaggregation (henceforth NUTS 2). Other information collected 

includes details of the innovation, whether it was an invention or an improvement, the name 

of the inventor, town and county of the invention, and, where appropriate, the corporate 

assignee name and location. 659 patent records displayed multiple inventors. Those patents 

have been geographically classified using the location of the first-named inventor. Inventors 

are not listed in alphabetical order in the patent record, and the first-named inventor is the 

lead inventor in the US patent system. 
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As mentioned above patents have been classified into one of 56 technological fields. 

Three fields (namely 8, disinfecting and preserving, 32, nuclear reactors and 40, 

semiconductors) had fewer than 100 patents in the entire USPTO database for the benchmark 

years, thus suggesting that these were small fields at the time. Therefore, patents in those 

three fields were incorporated into the most similar technological fields. The closest 

technological fields were identified using a more aggregate 33 categories of technological 

activities and are, respectively, 10, bleaching and dyeing, 31, power plants and 41, office 

equipment and data processing systems. 

A long and distinguished literature has used patents to gain valuable insights into the 

pattern and direction of technological change. Yet, this proxy has its limitations.
8
 Previous 

work has recognised that not all inventions are patented, and that the propensity to patent 

varies across industries or fields and over time.
9
 Our analysis takes into account the varying 

propensity to patent across fields, by using the Revealed Technological Advantage 

(henceforth RTA) index (see equation 1), that is normalised for inter-field and inter-country 

differences in the propensity to patent.
10

  

Another potential shortcoming of patents is the difficulty of accounting for the 

varying economic and technological importance of different patented inventions.
11

 Some 

work identifies inventions with a high private economic value on the basis of the lifespan of 

patents.
12

 Other work uses subsequent citations of patents to assess their value.
13

 A long-

standing research approach, since Scherer in the 1960s, found that over large numbers of 
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patents the distribution of patents by value or subsequent citations follows an established 

pattern, akin to a Pareto distribution.
14

  Furthermore, empirical researchers have found a 

strong relationship between patents and R&D at the cross-sectional level, across firms and 

industries.
15

  Thus, we ensure sufficient numbers of patents in each of the disaggregated 

categories we consider, which is why we regrouped some fields accordingly, as described 

above.  

We further address the potential drawback of the importance of patents by taking into 

account only British patents granted in the USA. Following a long-standing tradition, we 

interpret foreign patenting as an indicator of inventions of higher economic and technological 

value on average.
16

 British inventors and firms would have been much less likely to undergo 

an additional screening process and filing costs in the USA if their invention had not been 

perceived to be of potential economic value to the inventor or the assignee. Table A.2 in the 

appendix compares the costs of foreign patenting in various countries. It is clear that the 

protection of intellectual property rights was less expensive in the USA than in other 

countries such as the UK, Germany and Japan. However, in the case of foreign patenting 

those costs were generally additional to the costs of domestic patenting. Moreover, the 

American market was a particularly important one, as it was the most extensive market and 

the technology leader in many fields. Therefore it would attract all patents of inventions 

above a certain quality.
17
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The USA grants a higher number of patents to non-residents than any other country, 

which makes these international patents a suitable instrument for international comparisons. 

Furthermore, inventors would file their patents in the USA to compete with international as 

well as American businesses; therefore the resource endowment of the host country would be 

less likely to affect the decision to patent there. It seems plausible that such decisions would 

be affected by the composition of the market, with the American one being the largest, most 

comprehensive and the one granting more patents to non-residents than any other country.
18

  

International patents are a widely-used indicator of patent quality. We have compared 

this indicator with the subsequent citations of the 8,136 patents by later patents (see Table 3 

in the next section). The citation data (19,117 citing patents) have been extracted from Free 

Patents Online which collects patents granted by the World Intellectual Patent Office 

(WIPO), by the American (USPTO), European (EP), Japanese and German patent offices. 

The website includes all USPTO patents and is suitable for researching citations dating back 

from 1947, when citing prior art became mandatory.
19

  

 A frequently mentioned limitation of patents as a proxy for technical advances is that 

not all inventions are patented. However, surveys based on large samples of firms 

demonstrate that patents tend to follow the distribution of innovation, if the latter is more 

directly measured.
20

 The large number of patents included in this dataset ameliorates the 

potential problems that might otherwise be associated with this proxy, as the large sample 

reduces biases due to accidental factors and to the inclusion of some patents with little or no 

economic value on one tail of the distribution. An equally important consideration is that this 

paper takes the approach that each patent cannot be interpreted as an invention of significant 
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practical importance in its own right. This paper interprets the concentration of patents within 

a certain technological as an indication of innovation activity in that field. The rate of growth 

of patenting across different fields in each period serves as an indicator of technological 

opportunities.
21

 

Table 1 displays the distribution of the 8,136 patents included in the dataset across 

benchmark periods, and compares it with the total number of foreign patents granted by the 

USPTO. 

[Table 1 around here] 

The relative weight of patents granted to British inventors decreased from 33% of foreign 

patents, in the first benchmark period, to 17.6% in the last, which can be interpreted as an 

indication of the country’s relative international technological decline following the First 

World War. 

The choice of benchmark years was dictated by the accessibility of data within a 

reasonable timeframe. However, this entails a certain degree of bias related to the significant 

economic fluctuations in the interwar years. The first benchmark period captures the end of 

the First World War and the beginning of the war-induced boom of 1919-20; the second 

benchmark period falls into a period of uneven growth, whereas the last benchmark period 

coincides with the Great Depression of the early 1930s, with its trough in 1932.
22

 The revival 

of the 1930s is not captured by our data. However, the war-induced boom and the Great 

Depression were international phenomena, and therefore the biases they produce are to some 

extent limited by the international comparative perspective inherent in our dataset and 

analysis.  
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The interwar period was characterised also by protectionism, barriers to trade and 

bilateral agreements.
23

 The growth rate of foreign patents in the USPTO, in Table 1, is 

slightly higher than the domestic counterpart, and does not suggest that trade policy had a 

negative impact on international patenting. International business operated in a generally 

cartelized environment in the interwar years. Research has documented an increase in 

international cartel agreements among firms in a variety of industries.
24

 Such agreements 

covered a number of business activities, including technological cooperation and patent 

rights. Patent cross-licensing agreements were an important tool to control international 

markets, and created a strong incentive to protect high quality intellectual property in the 

world’s largest market, the USA, regardless of whether or not a firm could serve that market 

itself. If a firm had been unable to do so, or prevented from doing so, then it was still able to 

obtain the licensing revenues from patents, sometimes as part of a wider international inter-

firm agreement.
25

  

 

2. INNOVATION IN THE BRITISH REGIONS 

 

This section addresses the first objective of this paper, i.e. to analyse the technological 

comparative advantage of British regions.  

[Figure 1 around here] 

Graph 1 displays the regional distribution of patents in the dataset. As the largest 

group of patents (3,600) was awarded in 1930-32 the overview in the graph below is biased 

towards those years. 
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[Graph 1 around here] 

The geography of innovation reflects the geography of the fastest growing industries 

at that time. It is clear that the highest concentration of innovative activity was in the Greater 

London area, followed at a considerable distance by the North West, West Midlands and the 

South East (other than London). These four regions together accounted for 75.5% of all 

patents in this period.  

Greater London and the South East came to dominate both craft industries, such as 

‘clothing and footwear’, and assembly consumer goods industries. Moreover, London began 

to attract new service industries such as the film industry, which became more London-

centred, and the radio industry, with the establishment of the British Broadcasting 

Corporation (BBC) in 1922. The other region to attract a substantial base of new assembly 

goods industries was the West Midlands, with its marked specialization in the ‘other metal 

goods’ industry and its related industries such as ‘metal manufacture’ and ‘vehicles’.
26

  

The North West was part of the ‘industrial heartland’ together with Yorkshire and & 

Humberside and the East Midlands. These regions had inherited a strong specialization in 

mature industries such as textiles, and to a much lesser extent in mechanical engineering and 

chemicals industries, which provided textile machinery and chemical compounds for the 

textile processes. 

The remaining regions can be divided into two broad types: the Northern region, 

Wales and Scotland, all of which had inherited an industrial structure based around the 
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declining staple industries, i.e. coal and iron, steel and shipbuilding; and East Anglia and the 

South West, which were largely agricultural.
27

  

 [Graph 2 around here] 

The distribution of patents in the period 1969-1995, displayed in Graph 2, is similar to 

that observed in Graph 1. In particular, the regions with the highest concentration of patents 

are the same. It is interesting to note that the relative weight of the South East, in this case 

including Greater London, decreased in 1969-95 compared with 1918-32, which is likely to 

be related to the increasing weight of the service industries in the region. However, the South 

East outweighs by far any other region in both periods, thus suggesting that the region as 

such had developed a comparative advantage in a broad range of fields. The distinction 

between a regional comparative advantage in some branches of innovative activities with 

potentially multiple applications and an industry-specific technological advantage seems 

important, as the former pattern might lead to growth in the long term, whereas the latter 

might generate technological lock-in and only short-term growth. Dynamic regions attract the 

development of a wider spectrum of industries, due not only to the greater variety of 

industries which tend to be present already in a more important centre, but also to the 

attractions of infrastructure, financial facilities, readily available markets for products and 

services, as well as a labour force with more diverse skills. A similar pattern is also displayed 

by dynamic regions in other countries, e.g. Lombardy and Piedmont in Italy, Île de France, 

and North Rhine Westphalia, Bavaria and other regions in Germany.
28
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The geographical distribution of patents displayed in Graphs 1 and 2 might be 

affected by differences in the patenting propensity of different industries. Thus, if a region is 

specialised in an industry with a low propensity to patent, such as ‘food and tobacco’, fewer 

patents will be registered there, compared with a region specialised in an industry with a high 

propensity to patent, such as the manufacturing machinery. In order to address this bias, the 

following analysis uses the Revealed Technological Advantage (henceforth RTA) index: 
29

 

Equation 1: 

)// ()/( wjji jjw ji ji j PPPPRTA 
 

 Where:   

i = 1, 2, 3, 4, 5; j = 1,….., 56; 
ijP = the number of patents of region i in field j; 

wjP = the 

number of world patents in the same field. 

The index assesses the performance of the region in a certain field in the international 

context. The ‘world’ figure in the formula above is given by the total number of USPTO 

patents granted to innovations generated in any country of the world, in the same sector and 

year. The RTA index varies around unity. Therefore, an RTA value greater than one suggests 

a comparative technological advantage; an RTA value below one indicates a position of 

relative disadvantage. 

The RTA can be computed either by including the domestic country patents in the 

‘world’ figure or by excluding them and considering only foreign patenting in the 

denominator. In this case the domestic or home country is the USA; therefore, if we exclude 

patents registered by American inventors we would exclude innovations generated by the 

largest economy. If we include them we generate a ‘home country’ bias in our computations. 

The two major sources of invention at the time were the USA and Germany. Thus, if we 

                                                 
29
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calculate RTA relative to only foreign patents we would compute the advantage of the UK 

mainly compared with Germany, but not compared with the world as a whole. The 

comparison should include the USA to be a meaningful world comparison. To be more 

specific, Germany was strongest in chemicals, while the USA was strongest in a variety of 

machinery and equipment, from electrical equipment to railway and mining, and motor 

vehicles. So, if we exclude American patents from the ‘world’ computation we would be 

comparing the UK primarily with Germany, and we would tend to overstate the UK's position 

in electrical equipment in the world, but to understate its position in chemicals in the world. If 

we include American patents in the ‘world’ computation, we would be comparing the UK 

with the USA to a greater extent than might be justified owing to the fact that domestic 

patenting is higher than foreign patenting, and we would tend to overstate the UK's position 

in chemicals, but understate its position in electrical equipment in the world. Therefore, 

wherever possible we have used both computations. If our arguments hold under both 

empirical specifications then we can have greater confidence in their reliability. 

[Table 2 around here] 

Table 2 shows that the British international technological specialization when 

computed including the USA in total ‘world patents’ is positively correlated with its German 

counterpart, but negatively correlated with the American one. This is consistent with what 

was stated earlier: including the USA in the world figure leads to an understatement of the 

strength in other countries in those technological fields in which the USA was specialised, 

and to an overstatement of those fields in which Germany held an international specialisation. 

When computing the British international technological advantage excluding American 

patents from the ‘world’ total we find a lower (although significant) negative correlation with 

the German international technological specialization and a positive one with that of the 
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USA. This again supports what was said earlier. The German international technological 

specialization was negatively correlated with its American counterpart regardless of whether 

we included the US patents in the ‘world’ total. This clearly shows that the two major 

national innovators in the period were specialized in different technological fields. 

In order to test the robustness of our RTA index we have calculated the following 

algorithm using our citation data: 

Equation 2: 

)//()/( wjjijjwjijij PCitPPCitPCit   

 Where:   

i = 1, 2, 3, 4, 5; j = 1,….., 56; Cit
ijP = the number of patents of region i in field j; 

wjP = the 

number of world patents in the same field. 

It was not possible to calculate an RTA using citations. Extracting the citations of the 

“world patents” seems unfeasible. The total number of ‘world patents’ included in the 

computation of the RTA is 316,849, and extracting citations for each of these could turn out 

to be an almost intractable problem due to the sheer size of the data. Furthermore, we have 

the number of “world patents” in each technological field, but we do not have each patent 

number, and the patent number is key in searching for citations.  

In order to assess the robustness of our RTA we have calculated the coefficents of 

correlation between the regional and national RTAs and the citation algorithm. The 

coefficients are displayed in Table 3. 

[Table 3 around here] 

The coefficients show that the two indicators are significantly correlated, which 

strengthens the validity of the RTA and international patents as indicators of quality patents. 
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Graphs 3 and 4 display the RTA index for the four regions with the largest 

concentration of patents: Greater London, the North West, the West Midlands and the South 

East, and the UK. Moreover, for the sake of clarity, for each region only the four sectors with 

the highest values of the RTA index have been reported in the graph. The RTA index values 

for all sectors have been included in Table A.1 in the Appendix. 

[Graph 3 around here]  

[Graph 4 around here] 

Finding a precise correspondence between technological groups and industrial sectors 

can be difficult. The 56 technological groups are comprehensive, and they include 399 

technological fields. For instance the technological group 35 includes such fields as 

‘Telecommunications’, ‘Communications, directive radio wave system and devices’ and 

‘Communications, radio wave antennas’. In addition to this, the technological field and group 

in which a patent is classified might be rather different from the sector of the patenting or 

assignee firm. A large firm producing electrical equipment will likely have some of its 

patents classified in metallurgical processes, metal products and specialised machinery.
30

 

The overview in Graph 3, based on an RTA inclusive of American indigenous 

patents, indicates an overall comparative advantage in technological fields related to the 

chemical industry. Each of the four regions, and the country as a whole, has at least one of its 

main four comparative advantages in such fields. Graph 4 shows the RTA excluding 

American patents or in other words, when comparing British international technological 

advantages mainly with the German counterpart. As explained above this leads to an 

underestimation of the fields where Germany held a comparative advantage. Therefore fields 
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10, Bleaching and dyeing, and 6, Photographic chemistry, are not among the top four 

technological advantages for the country as a whole in Graph 4. However, Britain still retains 

a comparative technological advantage as the value of the RTA in fields 10 and 6 is above 

one (see Table A.1 in the Appendix). When computing the RTA based only on foreign 

patents, ‘Textile and clothing machinery’ is the major field of British technological 

specialisation. The two specialisations highlighted by the different computations of the RTA 

are consistent with the strengths of the British economy in that period. ‘Textile and clothing’ 

was the major manufacturing sector, although declining, and chemicals was a growing 

industry. 
31

  

The comparative advantage in chemicals and textile and clothing machinery are 

particularly evident in the North West, in both graphs 3 and 4. A number of patents in the 

dataset were assigned to British Dyestuffs Corporation Limited and Imperial Chemical 

Industries (ICI), with Manchester, the headquarters of the United Alkali Company, as the 

location of invention. The Celanese Corporation of America is also mentioned as one of the 

assignees particularly for patents related to the treatment of artificial silk made from cellulose 

acetate. Such patents refer to inventions developed in the research facilities of the British 

Celanese Corporation in Cheshire. It is not surprising to note that when such inventions were 

patented in the USA, the assignee was the American branch of the corporation. It is not 

surprising that corporations such as ICI and British Celanese emerge as major assignees from 

this regional overview, as they were at the forefront of chemical research and established 

significant research facilities. By the beginning of the 1930s ICI’s research capabilities had 

become comparable with that of the American chemical leader Du Pont, with the British 
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corporation spending 2.8% of its total sales on R&D as compared with the 2.4% in its 

American counterpart. 
32

 

In both graphs, the West Midlands displays a comparative technological advantage in 

43, Motor vehicles and 47, Transport equipment, consistent with its manufacturing 

specialization. Courtaulds Ltd is mentioned often as an assignee of patents in 9, Synthetic 

resins and fibres, as the corporation held a leading position in rayon production in Britain, 

thus competing with British Celanese, and, in the USA, competing with Du Pont and other 

European firms.
33

 The technological comparative advantage in 49, Rubber and Plastic 

products is clearly related to the comparative advantage in motor vehicles (rubber tires). One 

of the most recurrent names among the assignees of such patents is the Dunlop Rubber 

Company, which established the main British production facility of automobile tires in 

Birmingham at the beginning of the twentieth century, and, by the time of the First World 

War, had set up a research and development organisation.
34

  

Greater London shows an international technological advantage in technological 

fields such as 41, Office equipment, 33, Telecommunications and 6, Photographic chemistry. 

Patents in the technological field of 41, Office equipment, refer mainly to sound-reproducing 

machines and the gramophone, with the Columbia Phonograph Company as a corporate 

assignee. Patents in 6, Photographic chemistry, are related to the film industry, and refer to 

the invention and improvement of ‘multicolour cinematograph material’ and ‘colour 

photography’, with companies such as Agfa Ansco Corporation as corporate assignees. 
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Agfa’s patents date from the 1930s, in other words after the formation of I.G. Farben in 1925, 

when Agfa agreed not to expand its dye line and to concentrate on photochemicals.
35

  

Patents in 33, Telecommunications are related to improvements of the telephone and 

the wireless telegraph, with the Radio Corporation of America (henceforth RCA) as the 

corporate assignee. Patents related to the improvements and applications of the wireless 

telegraph are also included in the technological field 35, Special radio systems. Some of these 

patents have Guglielmo Marconi himself as inventor and the Marconi Wireless Telegraph 

Company of America as assignee. In 1919, the American branch of the Marconi Company 

was purchased by General Electric (henceforth GE) in a move instigated by the U.S. Navy, 

which was reluctant to depend on a foreign company. The British Marconi Company had to 

accept GE’s acquisition of its stock in the Marconi Company of America with all the Marconi 

patent rights for the USA becoming the property of the RCA, which GE established in order 

to take over the Marconi assets.
36

 

The technological group of 35, Special radio systems, is also a technological 

advantage of the South East, with patents for radio signalling systems, wireless telegraph and 

telephone aerials. Additional patents by the RCA are to be found in the technological field of 

36, Image and sound equipment, in the South East. Further international technological 

advantages are in 24, Electrical lamp manufacturing, and 55, Explosive components, with 

both fields representing traditional specializations of the chemicals and electrical industries.  

                                                 
35
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The comparative advantage in 12, Pharmaceuticals and biotechnology, is clearly 

related to the importance of the chemical industry in the South East, in addition to the North 

West. These patents refer to processes such as the preparation of sterilizing agents and 

germicides, and the fermentation of cellulosic material; they have assignees such as the 

United Water Softeners Limited, London. This is not among the top advantages when 

excluding American patents from the computation of the RTA, but the South East still retains 

a technological advantage in the field as the RTA value is above unity (see Table A.1 in the 

Appendix). 

 

3. THE ROLE OF CORPORATIONS 

 

As mentioned in the Introduction, inadequate and insufficient R&D has been 

considered an important explanatory factor in the declining shares of British export and lower 

relative rates of productivity growth. David Landes, David Mowery and Nathan Rosenberg 

stress that the research intensity of the British manufacturing sector was well below that of its 

American counterpart.
37

 Scientific research within British firms was hampered by various 

factors, such as the delayed managerial revolution and the scarcity of trained scientists and 

managers. Also the government-sponsored research associations were hardly an adequate 

substitute for in-house research.
38

.  

However, other studies have shown that significant R&D was taking place within British 

firms between the wars. The growth of large firms was stimulating expenditure on R&D and 
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new products such as television, plastics and electric lamps were the result of research 

conducted in corporate laboratories. Sanderson stressed the rapid scientific development in 

British industry between the wars, and the increasing number of research teams and 

laboratories, particularly in chemicals, engineering, food and electrical engineering.
39

  

We contribute to this debate by looking at the numbers and percentages of patents 

assigned to corporations (corporate assignees), which we refer to as corporate patents. Such 

patents include not only inventions generated within the corporation, either through internally 

financed R&D and employees regularly engaged in such activities, or by engineers and 

scientists employed in operating departments, but they also include patent rights assigned by 

independent inventors to firms.
40

 The remaining share of the percentages in Table 4 below is 

the share of independent inventors whose patents were not assigned to corporations. 

[Table 4 around here]   

Corporate and independent innovation taking place in the UK is broadly in line with 

its American counterpart, in terms of shares and trends, although the magnitude of patenting 

activity in the two countries is very different. However, British corporations account only for 

part of such innovation activity. The remaining share is represented by inventions made in 

Britain and assigned to foreign corporations, mainly American, or to the American 

subsidiaries of the British parent companies in which the invention had taken place. The 

inventions developed in the research facilities of the British Celanese Corporation in Cheshire 

and assigned to the Celanese Corporation of America are a case in point. This facet might be 

enhanced in our dataset, as it includes patents granted in the USA to British inventions.  
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It is clear from Table 4 that the ranking of regions by the progress of corporate 

patenting does not reflect the ranking of regions by their share of all patents. Of the four 

regions with the highest patent share discussed in the previous section, the South East stands 

out for its low share of corporate assignees, due in particular to low values in 1918-19 and 

1925-26. 

The region leading the ranking in Table 4 is the East Midlands. The corporations 

appearing most frequently as assignees in the region are the above-mentioned American 

Cellulose and Chemical Manufacturing Company Ltd / Celanese Corporation of America, 

United Shoe Machinery Corporation and Rolls-Royce Ltd. The first-mentioned company, 

which changed its name to Celanese Corporation in 1927, presents a number of patents in the 

technological field 10, Bleaching and dyeing, but also in 25, Textile and clothing machinery, 

and 29, Other general industrial equipment. The Rolls-Royce Limited aircraft engine factory 

in Derbyshire produced inventions in 13, Metallurgical process, 16, Chemical and allied 

equipment, 42, Internal combustion engines, and 53, Other instruments and controls. Some of 

these patents have Frederick Henry Royce himself as inventor. The United Shoe Machinery 

Corporation was for most of the 20
th

 century the world’s largest manufacturer of footwear 

machinery and materials. It is the single most important inventor in the East Midlands in our 

dataset. Its patents are mainly concentrated in 25, Textile and clothing machinery, and 28, 

Other specialized machinery, but some are also classified as 16, Chemical and allied 

equipment, and 17, Metal working equipment. We also find a number of independent 

inventors in technological fields related to motor vehicles and textile industries. Examples 

include Francis Stokes with his improvements of casting machines, Frederick Hugh Smith 

from Nottingham patenting improvements of carburators and John Cannon patenting 

improvements of the yarn-winding machines. 
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The North displays a large share of corporate patents. The most recurrent corporate 

assignees in the North are two engineering companies that merged in 1968, A. Reyrolle and 

Company Ltd and Charles Parsons. Reyrolle patented in sectors such as 34, Other electrical 

communication systems, 38, Electrical devices and systems, and 39, Other general electrical 

equipment. Charles Parsons took its name from the founder and inventor of the steam turbine. 

The patents in the dataset have Charles Parsons himself as inventor and are mainly in 

technological fields such as 29, Other general industrial equipment, 37, Illumination devices, 

and 39, Other general electrical equipment. Other corporate assignees in the region were 

Electrical Improvement Limited and the engineering firms Vickers and Armstrong, which 

merged in 1927. One of the major corporate assignees in the region was ICI, for inventions 

developed in the facilities in Stockton- and Norton-on-Tees. We also find prolific 

independent inventors in the North; these include Percival Harris patenting in technological 

field 38, Electrical devices and William Miller patenting improvements to the roller clutch in 

field 29, Other general industrial equipment. 

It seems important to pay attention to the fields in which corporate innovation was 

taking place in order to assess whether this occurred in the new industries that emerged in the 

interwar years, i.e. automobiles and plastics, electrical appliances, electronics and 

aeronautics, or in the declining staple industries of the nineteenth century, such as textiles, 

coal, steel, shipbuilding, electricity and heavy chemicals.
41

  

[Table 5 around here]  

The picture emerging from Table 5 is somewhat mixed, with high shares of corporate 

innovation in emerging technological fields such as 33, Telecommunications, and 11, Other 
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organic compounds, and 38, Electrical devices and systems, but also in traditional ones such 

as 10, Bleaching and dyeing, 16, Chemical and allied equipment, and 25, Textile and clothing 

machinery. Moreover, low shares of corporate assignees are displayed in other emerging 

sectors such as 42, Internal combustion engines, 43, Motor vehicles, and 44, Aircraft (see 

Table A.4 in the Appendix).   

In order to assess more accurately whether corporate innovation in the UK was higher 

in those sectors with greatest technological opportunities, we have calculated the growth rates 

of patents in the 56 technological fields using all the patents registered in the USPTO, and 

then calculated the coefficients of correlation displayed in Table 6 below. 

[Table 6 around here] 

It is clear that there is a certain degree of correlation between corporate patenting and the 

presence of increasing technological opportunities. However, this was considerably stronger 

at the beginning of the interwar period. 

 The mixed evidence provided in this section shows that corporate patenting in Britain 

kept pace with technological opportunities to a very limited extent and suggests a certain 

degree of technological lock-in or continuity in corporate technological specialization. This 

argument is consistent with the theoretical notion that technological change is a cumulative, 

incremental and differentiated process.
42

 Firstly, technological and technical changes within a 

firm are cumulative processes in the sense that firms will try to improve and diversify their 

technology, building upon the existing stock of their technological knowledge. Firms can 

convert knowledge deriving from other firms, markets and public knowledge into new 
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technology by drawing upon their own accumulated knowledge base.
43

 Secondly, innovation 

develops incrementally, so that firms tend to move gradually between related sectors. 

Thirdly, innovation is differentiated at the firm level and the location level, as the 

technological development followed by a firm or a location is distinctive and characterised by 

elements that are specific to that firm or location. These propositions suggest that the pattern 

of the technological advantage of firms, regions and countries will, once established, remain 

relatively stable over time. In other words innovation is liable to ‘lock in’ to a particular 

industrial pattern or configuration in any location, and is likely to change only gradually.
44

   

  

4. AN ECONOMETRIC ANALYSIS OF THE REVEALED TECHNOLOGICAL 

ADVANTAGE  

 

This section provides an econometric assessment of the factors affecting the national and 

regional RTA in the latest benchmark period, i.e. 1930-32. We test the impact of corporate 

innovation on the regional RTA by looking at two facets of this phenomenon: the relative 

weight of corporate innovation, as expressed through the ratio of patents with a corporate 

assignee in each technological field and region (variable CP in equation 6), and the 

concentration or dispersion of innovation across corporations within each technological field 

and region, as expressed through a Herfindahl-Hirschman Index (variable HHI in equation 6). 

As mentioned in previous sections, variable CP is the ratio of patents with a corporate 
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assignee; its inverse (i.e. 1-CP) is the ratio of independent inventions. The Herfindahl-

Hirschman Index (see equation 3) would be equal to one if all patents in a technological field 

and region were owned by the same corporation; it would take the value of 1/n if such patents 

were equally distributed across n corporations. This facet is clearly related to what has 

sometimes been termed the “Schumpeterian hypothesis”, according to which oligopolistic 

firms are in a better position to innovate due to the greater availability of financial resources 

and the appropriability of returns.
45

   

Equation 3: Herfindahl-Hirschman Index 

 


 
N
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Where: c= corporation; P=patents; i = 1, 2, 3, 4, 5; j= 1,….., 56; 

We test the technological continuity argument by assessing the impact of the pre-

existing technological specialization of the region, as expressed by the RTA for previous 

benchmark periods, i.e. 1918-19 and 1925-26 (see equation 6 below). Furthermore, we assess 

whether the regional RTA is associated with opportunities in the technological fields through 

the variable Growth, i.e. the growth rate of patents in each technological field in the whole 

USPTO dataset. 

Equation 6 also assesses the importance of government-sponsored research expressed 

through the variable CRAs, i.e. the logarithmic value of the government grant received by 

each CRA as reported in Table A.1, column 6, in the Appendix. The number of CRAs located 
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in the South East, North West and Midlands was clearly insufficient to meaningfully 

construct this variable. Therefore, the CRAs variable is used only in the regressions for 

Greater London. 

The economic activity of the regions has been expressed through the variable Emp, 

defined as in equation 4, so as to take into account the various levels of labour intensity of 

each industry.  

Equation 4: 

)Emp/Emp/ ()Emp/Emp(Emp GBj tji j tjGBj ti j ti j t    

Where: Emp= employment;  i = 1, ……, 11;  j = 1,….., 56; t = 1921; GB= Great Britain. 

In the econometric analysis the RTA has been used in its adjusted form (see equation 

5). The RTA has a lower bound of zero, but in principle no upper bound, therefore it can 

produce a positively skewed distribution. Over a sufficiently large number of patents the 

occurrence of values above two is infrequent, and therefore the RTA approximately 

resembles a normal distribution, but in cases where the number of observations is limited, the 

RTA distribution tends to be skewed. We have therefore used the adjusted version shown in 

equation 3. The adjusted RTA is inherently symmetrical, as it varies around zero (when RTA 

= 1) with a lower bound of -1 and an upper bound of +1 (Cantwell, 1989; Cantwell and 

Vertova, 2004).
46

 

Equation 5: 

)1RTA/ ()1RTA(Adj RTA i j ti j ti j t 
 

where:   

i = 1,…..,11;  j=1,….., 56; t= 1918-19; 1925-26; 1930-32; RTA = see equation (1) 
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Equation 6 displays the equation estimated in the econometric analysis. 

Equation 6: 

ijijijijij

wjwjijijij

EmpCRAsHHICitCitCPCP
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where: i = 1,……,11;  j = 1,…, 56;  w = world; Growth = annualised growth rate of all 

patents registered at the USPTO by technological fields; CP = corporate innovation; HHI = 

Herfindahl-Hirschman Index, see equation (4); CRAs= Co-operative Research Associations; 

Emp = Employment by industry adjusted by labour intensity in Britain.  

Our equation includes potentially endogenous explanatory variables, such as 

corporate patenting, employment and citations. These variables might be jointly determined 

with the dependent variable. However, we have used lagged values of the potentially 

endogenous variables due to the nature of our research question. These are likely to be 

correlated to the potentially endogenous variables, but they will not be correlated with the 

error term at time t=1930-32. 

Table 7 shows the findings of the econometric analysis for all British regions (11 

regions, excluding Northern Ireland, for which employment data was not complete) using 

pooled OLS with regional dummy variables. The assessment has been performed both 

including, and excluding, USA patents from the computation of the RTA.  

[Table 7 around here]  

The results obtained using the two different RTA computations are consistent, which 

provides a robustness test of the regressions and the RTA as a measure of technological 

specialisation. There is strong continuity in the technological specialisation of the regions, 

whether we calculate the RTA including or excluding American patents (variables AdjRTA18-
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19 and AdjRTA25-26). We also find that the technological specialisation of the British regions 

is associated with the technological opportunities at the international level indicated by the 

variable Growth. This is the case whether we include Growth calculated in 1918-19 or 1925-

26. We could not use both in the same regression because of multicollinearity. 

The regional manufacturing activity, expressed by the variable Emp, is also positively 

associated with the regional technological specialisation in the latest benchmark period. For 

instance, the East Midlands displays manufacturing strength and a technological advantage in 

48, Textile, clothing and leather, which is consistent with its historical industrial 

specialisation. The North displays manufacturing and technological specialisation in fields 

such as 19, Building material processing equipment and 45, Ships and marine propulsion”; 

once again this is consistent with its historical shipping-industry centres and mining 

activities. The role of corporations in the technological specialisation of regions is more 

nuanced. Corporate innovation has a positive and significant impact on the technological 

specialisation of regions only if concentrated within firms, as the positive and significant 

Herfindhal-Hirshman index indicates (variable HHI). Corporate innovation as a whole does 

not contribute to the specialisation of the region. In fact, the variable Corporate Patent 

(henceforth CP) has a negative and significant impact. To interpret the negative and 

significant impact of this variable, we need to consider that its reverse is the ratio of patents 

granted to independent inventors. If CP is negative and significant, its reverse is positive and 

significant. Therefore, our results point out that independent inventors played an important 

role in the technological specialisation of regions.  

 Research Associations (CRAs variable) do not have a significant impact. This might 

be due to the limited number of observations of this variable, which reflects the number of 

associations in each region. 
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The regional technological specialisation in 1930-32 is also positively affected by our 

citation indicators referring to 1925-26. This indicates that important patents in previous 

benchmark years do affect  successive technological specialisation or that important 

innovations do not exhaust their impact on the technological specialisation of the region 

within a few years, These results support the argument of technological continuity in regions. 

It seems worth pointing out that this result is not driven by the four most innovative regions 

(see Tables 8 and 9), but rather by the remaining seven regions, implying that the most 

innovative regions are more technologically dynamic and less affected by important 

innovations in the previous period. The significance of most regional dummies indicates that 

there are some regional effects and differences from the base region, i.e. London. 

 Overall we find that the technological specialisation of the regions is shaped to 

varying degrees by the factors in the model, the pre-existent specialisation, the technological 

opportunities at an international level, the concentration of innovation within some firms, but 

also independent innovation and the manufacturing activities in a particular region.  

Tables 8 and 9 focus on the four most innovative regions. As a robustness check we 

ran the regressions for the individual regions using a reduced form equation in order to 

increase the degrees of freedom. The equations in reduced forms confirmed the significant 

variables in the extended form. The F value improved slightly for all regions except the South 

East. We decided to report the extended regression in order to mantain the assessment of 

historical factors. 

The results displayed in Table 8 refer to the regional RTAs calculated excluding 

American patents from the ‘world’ figure, and therefore comparing the British technological 

advantage mainly to Germany. 

 [Table 8 around here]  
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The element of continuity with the technological specialisation in previous benchmark 

years (variables AdjRTA18-19 and AdjRTA25-26) is clearly borne out by London, the West 

Midlands and the North West. The South East tells a more nuanced story. There is no 

continuity with the technological specialisation of the region in the previous benchmark years 

as indicated by the equation South East. However, there is continuity with London’s 

technological specialisation in the previous benchmark years, as indicated by the equation 

South East (L), where we used the London independent variables to explain the technological 

specialisation of the South East in 1930-32. London specialisation in the previous benchmark 

years 1925-26 (variable AdjRTA1925-26) is positively associated with the South Eastern 

specialisation in 1930-32. Furthermore, both the concentration of corporate innovation  

(variable HHI) and independent invention (negative variable CP25-26) taking place in London 

have a significant impact on the South East.  

The literature on new plant location in the interwar period points out that the South 

East was a region in receipt of economic activities previously located elsewhere. Firms 

engaged mainly in electrical engineering, but also in mechanical engineering, metal-

fabricating sectors and furniture, with their assembly and standardised productions, moved 

their plants from London to outer areas, including Slough, Staines, Watford and Welwyn, in 

search of cheaper labour supply and sites.
47

 These areas are part of the South East in the 

NUTS 2 classification applied in this paper. Our results show that the South East received not 

only plants, but also fields of technological specialization developed previously in the 

London area. The technological advantage of the South East in the latest benchmark period is 
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also positively associated with international technological opportunities in the previous 

benchmark period (variable Growth wj25-26) 

The concentration of innovation within corporations has a positive impact on the 

technological specialisation of all the regions, except for Greater London where neither the 

Herfindhal-Hirshman index (variable HHI), nor corporate innovation as a whole (variables 

CP18-19 and CP25-26), nor its inverse, independent innovation, are significant. It seems that 

Greater London has its own technological trajectory with technological advantage in fields 

such as 41, Office equipment and data processing systems, 33, Telecommunications, 26, 

Printing and publishing machinery, but also 6, Photographic chemistry.  

A somehow puzzling picture emerges when considering the impact of citations. A 

detailed analysis of the London data reveals that technological fields 4, Agricultural 

chemicals and 9, Synthetic resins and fibres are driving the negative and significant result of 

Cit18-19. London had a competitive advantage in those technological fields in previous 

benchmark years and produced a number of highly cited patents; one invention in the 

technological field 9 by John Stuart Campbell in 1919 was cited in 6 subsequent patents. 

Despite the fact that there are more patents in absolute values in field 9 in the period 1930-32 

as compared to previous benchmark years, Greater London had lost its international 

technological advantage by 1930-32 most likely to Germany; hence the negative value of the 

variable Cit18-19. In other words, the citations are related to the technological advantage of 

Greater London in the same benchmark period, i.e. 1918-19, rather than in the latest 

benchmark period. 

  The technological specialisation of the industrial heartland of the North West and 

West Midlands shows continuity with the specialisation in the previous benchmark period 

(variable AdjRTA25-26), and it is positively affected by the concentration of corporate 
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innovation (variable HHI). The West Midlands displays continuity in innovation in 

technological fields such as 43, Motor vehicles, 47, Transport equipment, but also 9, 

Synthetic resins and fibres, fields in which patents were held respectively by corporations 

such as Austin Motor Company, The Sentinel Waggon Works Ltd, The Trinity Wheel 

Corporation, and Dunlop Rubber. In the North West the continuity in technological 

specialisation is particularly evident in fields 10, Bleaching and dyeing, and 25, Textile and 

clothing machinery, with corporations respectively such as Vickers, ICI, Platt Brothers, 

Dunlop Cotton Mills and Whittaker Loom Company.  

 [Table 9 around here] 

The results displayed in Table 9 refer to regional RTAs calculated including 

American patents in the ‘world’ figure, which leads to an overstatement of the British 

technological specialisation in the German fields of specialisation, such as chemicals, and an 

understatement of those where the USA was specialised.  

The North West and South East (L) confirm to a great extent the picture portrayed in 

Table 8, except for the impact of international technological opportunities (variable Growth). 

The computation including USA patents overestimates the comparative advantage of the 

West Midlands in chemicals-related fields, such as 49, Rubber and plastic products, and 9, 

Synthetic resins and fibres. With this new computation the continuity of the regional 

technological specialisation is no longer evident, whereas the importance of corporation is 

still clearly borne out.  

The London picture in Table 9 presents similarities and differences compared to Table 

8. The specialisation in the previous benchmark period is confirmed as a positive and 

significant factor. Independent innovation and concentration of innovation within 

corporations are significant with the new computations (variables CP25-26 and HHI), which 
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was not the case in Table 8. Examples of corporations with a high concentration of patents 

include John O’Brian Ltd in 6, Photographic chemistry;  Associated Electrical Industries in 

24, Electrical lamp manufacturing, and Marconi Corporation, Radio Corporation of America 

and British Radio Corporation in 35, Special radio systems. Independent inventions were 

particularly evident in field 10, Bleaching and dyeing, 53, Other instruments and control, and 

54, wood products. 

As in Table 8, the negative and significant value of Cit18-19 for London is driven by 

technological fields such as 4, Agricultural Chemicals, 9, Synthetic resins and fibres and 24, 

Electrical lamp manufacturing. The value of the London RTA30-32 in fields 4 and 9 is -1, 

whereas patents granted in these fields in 1918-19 received a considerable number of 

citations. The opposite is the case for field 24 where the region displays a comparative 

advantage in 1930-32, but there are no citations of patents granted in this field in 1918-19. 

The explanation lies in the fact that technological field 24 is a field characterised by 

increasing technological opportunities at an international level in the period under analysis, 

and there were very few patents in the whole USPTO in the benchmark period 1918-19. The 

new computation confirms that London’s technological profile is very dynamic, and therefore 

citations referring to previous benchmark periods are either not significant or negatively 

correlated. 

The factor that is consistently positive and significant in the four most innovative 

regions is the concentration of patents in some corporations. This is a significant factor also 

in Table 8, for all regions other than London. This indicates that corporate innovation played 

an important role in the technological advantage of British regions.  

The impact of the technological specialisation in previous benchmark years (variables 

CP18-19 and CP25-26 in Table 9) is lessened for the regions of Greater London and the West 
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Midlands when compared to Table 8, suggesting that the technological continuity is stronger 

when underestimating technological fields related to the chemical industry, and 

overestimating technological fields related to the electrical and mechanical industries. The 

opposite is the case for the North West. The computation of the RTA in Table 9 stresses the 

continuity in technological specialisation, with both variables AdjRTA18-19 and AdjRTA25-26 

positive and significant.  

 

CONCLUSIONS  

 

This paper has analysed the international technological specialization of Great Britain 

in the interwar period. The analysis has looked not only at the country as a whole, but also 

discussed the specialization of its regions. The top patenting regions in the interwar period 

are the same as in more recent years (1969-95). In particular, the South East including 

London was by far the most innovative region of the country in both periods, indicating that 

the region developed a high absolute advantage, rather than a specialisation in some specific 

technological fields.  

A variety of patterns of specialization emerges at the regional and national levels. The 

international specialisation of the whole of Britain changes to a small extent depending on 

whether we include or exclude the USA patents from the computation of the index of 

international specialisation. When including patents to American inventions in the 

computation of the index of international technological specialisation RTA, we assess the 

British technological advantage mainly relative to the USA; the specialisation of Britain as a 

whole includes technological fields related to the chemical industry. The technological fields 

in which the USA held its advantages, such as electrical, agricultural and railway equipment, 

as well as motor vehicles and wood products, are underestimated. When excluding patents to 
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American inventions from the computation of the RTA, we assess the British technological 

advantage mainly relatively to Germany and the technological fields related to machinery are 

emphasised, whereas those related to the chemical industry are underestimated, as Germany 

was the world’s technological leader in chemicals and pharmaceuticals.  

In both computations, Britain displays an international advantage in field 35, Special 

radio systems. This is related to patents referring to inventions made in Essex, Lancashire and 

Greater London, assigned to the Marconi Wireless Telegraph Company of America in the 

first benchmark period (1918-19), and later to the Radio Corporation of America. A number 

of regional technological specialisations related to the chemical industry remain evident in 

the North West, regardless of the computation of the RTA, with patents assigned to the 

British Dyestuff Corporation and ICI. Also the technological specialisation of the West 

Midlands remains unchanged when using either RTA measurement. This region displays a 

specialisation in technological fields related to engineering, such as motor vehicles and 

transport equipment, and also chemical fields related to the manufacturing of motor vehicles, 

such as rubber and resins. The technological specialisations of Greater London and the South 

East change slightly depending on the computation of the RTA. However, the South East is 

consistently one of the main contributors to the advantage of the whole country in field 35, 

Special radio systems, whereas Greater London emerges as a ‘high order centre’ or a centre 

characterised by relatively high levels of innovative activities in a variety of fields, and 

therefore presents a broader spectrum of technological specialisation.  

This paper contributes to an important historical debate on the importance of 

corporate innovation in a period critical for Britain's international economic position. Low 

levels of corporate innovation have been considered an important explanatory factor in the 

long-term decline in the international competitiveness of British industry. The share of 
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corporate patenting taking place in Britain was in line with the equivalent share in the USA, 

although not all such activity can be attributed to British-owned corporations. In fact, the 

weight of foreign corporations, and especially American firms, increased over time.  

The econometric analysis confirms the importance of corporate innovation in shaping 

the international technological specialisation of the British regions. However, such 

importance emerges when innovation is concentrated within few corporations, indicating that 

this role was performed by the industry-leader corporations. The important role of industry 

leaders should not lead to an underestimation of the importance of independent inventors, as 

their significance is also borne out particularly when pooling all the 11 regions. 

One of the major factors affecting the regional international technological advantage 

is the pre-existing technological advantage. This is the case mainly for the benchmark period 

1925-26. However, when pooling the 11 regions, also the specialisation in 1918-19 becomes 

significant, indicating possible lock-in, particularly in the regions other than the four most 

innovative. Finally, an important exception is represented by the South East, which displays 

features of a region receiving technological advantages from Greater London, which is 

consistent with studies showing the relocation of plants from London to the South East. 

The importance of corporate innovation for the technological advantage of the British 

regions, combined with its limited correlation with the fields characterised by growing 

technological opportunities supports the interpretation according to which technological 

failings of British industry did not lie in the low levels of corporate innovation, but rather in 

not focusing on the fast growing industries. 
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APPENDIX 

Table A.1 The complete RTA index (56 technological fields) for the four regions with the highest concentration of patents and 

for Britain, 1918-1932 (benchmark years) 

  GL 

(USA -) 

 

 

GL 

(USA +) 

SE 

(USA -) 

SE 

(USA +) 

W Mid 

(USA - ) 

W Mid 

(USA +) 

North West 

(USA -) 

North West 

(USA +) 

UK  

(USA -) 

UK 

(USA +) 

USPTO 

(USA -) 

USPTO 

(USA +) 

1 Food and tobacco 

products 

 

1.42 1.91 0.48 0.64 0.28 0.38 1.13 1.52 0.94 1.26 301 2,048 

2 Distillation processes 0.83 2.10 0.67 1.69 0.59 1.50 0.00 0.00 0.65 1.65 72 260 

3 Inorganic chemicals 0.68 1.89 0.46 1.28 0.20 0.57 0.64 1.78 0.56 1.56 632 2,070 

4 Agricultural chemicals 0.31 0.90 0.00 0.00 0.00 0.00 0.48 1.40 0.33 0.96 65 203 

5 Chemical processes 0.96 1.43 0.54 0.81 1.09 1.62 0.88 1.31 0.87 1.30 708 4,336 

6 Photographic 

chemistry 

1.95 6.28 1.30 4.19 0.00 0.00 0.63 2.03 1.04 3.34 148 420 

7 Cleaning agents and 

other compositions 

1.16 1.59 0.72 0.98 0.75 1.02 1.08 1.48 0.89 1.22 402 2,688 

9 Synthetic resins and 

fibres 

 

0.54 0.96 0.47 0.84 1.89 3.37 1.52 2.71 0.71 1.27 204 1,045 

10 Bleaching and dyeing  0.50 2.08 0.00 0.00 0.12 0.50 3.74 15.50 1.16 4.81 357 787 
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11 Other organic 

compounds 

0.26 1.33 0.24 1.18 0.26 1.28 1.47 7.36 0.47 2.35 1,841 3,355 

12 Pharmaceuticals and 

biotechnology 

 

0.51 1.38 1.85 4.99 0.00 0.00 0.13 0.36 0.42 1.13 234 793 

13 Metallurgical 

processes 

0.74 0.92 0.82 1.02 1.40 1.74 0.71 0.88 0.82 1.02 702 5,164 

14 Miscellaneous metal 

products 

0.90 0.51 1.05 0.60 1.46 0.83 0.56 0.32 0.92 0.52 2,614 41,971 

15 Food, drink and 

tobacco equipment 

0.77 0.52 0.82 0.56 0.73 0.50 1.33 0.91 0.77 0.52 117 1,564 

16 Chemical and allied 

equipment 

 

1.15 1.32 1.00 1.15 1.01 1.15 1.21 1.39 1.10 1.27 1,873 14,917 

17 Metal working 

equipment 

 

0.81 0.67 1.00 0.84 1.32 1.10 0.94 0.78 1.06 0.88 1,394 15,244 

18 Paper making 

apparatus 

 

0.99 1.06 0.10 0.10 0.43 0.47 0.44 0.47 0.77 0.83 493 4,204 

19 Building material 

processing equipment 

 

0.81 0.63 0.69 0.54 1.43 1.11 1.63 1.26 1.04 0.81 210 2,467 

20 Assembly and material 

handling equipment 

 

1.36 0.93 1.33 0.91 1.65 1.13 1.23 0.85 1.43 0.98 907 12,063 

21 Agricultural 

equipment 

 

0.09 0.06 0.30 0.18 0.54 0.32 0.20 0.12 0.23 0.14 318 4,851 

22 Other construction and 

excavating equipment 

 

0.50 0.32 0.49 0.31 0.43 0.27 0.31 0.20 0.69 0.43 99 1,441 

23 Mining equipment 1.39 0.48 1.22 0.42 1.08 0.37 0.00 0.00 1.13 0.39 79 2,097 
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24 Electrical lamp 

manufacturing 

 

0.77 1.75 1.85 4.23 0.00 0.00 1.19 2.73 0.82 1.87 26 104 

25 Textile and clothing 

machinery 

 

0.34 0.38 0.52 0.58 0.60 0.67 3.27 3.67 1.62 1.82 1,214 9,882 

26 Printing and 

publishing machinery 

 

1.82 2.13 1.46 1.72 0.16 0.19 1.48 1.73 1.39 1.63 526 4,097 

27 Woodworking tools 

and machinery 

 

0.19 0.20 0.00 0.00 0.00 0.00 0.59 0.62 0.24 0.26 105 917 

28 Other specialized 

machinery 

 

0.78 0.59 0.96 0.72 0.97 0.72 0.88 0.66 0.95 0.71 1,552 18,930 

29 Other general 

industrial equipment 

 

1.10 1.04 0.91 0.86 0.83 0.79 0.97 0.92 1.09 1.04 3,352 32,245 

30 Mechanical calculators 

and typewriters 

 

0.83 0.63 0.62 0.47 0.55 0.41 0.60 0.45 0.72 0.54 155 1,890 

31 Power plants  

 

0.84 1.88 1.02 2.27 0.54 1.21 1.32 2.93 1.08 2.41 236 969 

33 Telecommunications 

 

2.09 2.65 0.56 0.71 0.07 0.09 1.84 2.34 1.27 1.61 606 4,364 

34 Other electrical 

communication system 

 

1.70 1.41 1.09 0.91 0.00 0.00 1.41 1.17 1.26 1.05 88 966 

35 Special radio systems 1.49 2.82 5.75 10.90 0.00 0.00 1.85 3.51 1.40 2.66 67 323 

36 Image and sound  

Equipment 

 

1.66 2.04 2.78 3.41 0.46 0.56 0.60 0.73 1.17 1.43 467 3,483 

37 Illumination devices 

 

0.98 1.01 0.75 0.77 0.89 0.92 0.37 0.39 0.72 0.75 580 5,127 

38 Electrical devices and 0.97 0.96 1.44 1.44 1.19 1.18 1.48 1.47 1.04 1.03 1,367 12,563 
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systems 

 

39 Other general 

electrical equipment 

 

0.88 0.99 1.08 1.22 1.21 1.36 1.06 1.19 0.94 1.06 1,200 9,744 

41  Office equipment and 

data processing 

systems 

  

2.20 2.78 2.60 3.29 1.47 1.86 0.46 0.58 1.53 1.94 204 1,470 

42 Internal combustion 

engines 

 

1.23 1.82 1.20 1.78 1.07 1.58 0.78 1.15 1.08 1.59 720 4,454 

43 Motor vehicles 

 

0.78 0.52 2.00 1.33 3.37 2.25 0.26 0.17 1.15 0.77 241 3,297 

44 Aircraft 

 

1.31 1.86 2.14 3.05 0.40 0.57 0.22 0.31 1.05 1.49 427 2,744 

45 Ships and marine 

propulsion 

 

1.19 2.11 0.59 1.04 1.15 2.04 0.91 1.61 1.14 2.03 411 2,110 

46 Railways and railway 

equipment 

 

1.00 0.66 0.66 0.44 0.22 0.15 0.64 0.42 0.73 0.48 580 8,026 

47 Other transport 

equipment 

 

0.78 0.66 0.78 0.66 3.38 2.85 0.95 0.80 1.08 0.91 558 6,045 

48 Textiles, clothing and 

leather 

1.03 0.58 1.55 0.87 1.07 0.60 0.67 0.37 1.15 0.64 279 4,559 

49 Rubber and plastic 

products 

 

0.92 1.00 0.76 0.83 3.28 3.58 0.33 0.36 0.98 1.07 378 3,169 

50 Non-metallic mineral 

products 

 

0.97 0.79 1.29 1.05 1.03 0.83 0.83 0.68 0.98 0.79 708 7,968 

51 Coal and petroleum 

products 

 

0.91 1.17 1.73 2.21 0.00 0.00 0.37 0.48 0.70 0.89 251 1,789 
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52 Photographic 

equipment 

 

1.17 1.79 1.23 1.88 0.22 0.33 0.48 0.73 0.72 1.10 195 1,169 

53 Other instruments and 

controls 

 

1.17 1.31 1.52 1.70 1.38 1.55 0.71 0.80 1.09 1.22 2,570 20,969 

54 Wood products 

 

1.04 0.48 2.97 1.35 0.53 0.24 0.19 0.09 0.84 0.38 162 3,254 

55 Explosive 

compositions and 

charges 

 

0.66 1.20 3.21 5.82 0.00 0.00 0.00 0.00 1.33 2.40 45 227 

56 Other manufacturing 

and non-industrial 

 

1.62 1.51 0.74 0.69 1.15 1.08 0.53 0.50 1.15 1.07 1,635 16,007 

 Total           34,675 316,849 

 Average 1.00 1.32 1.16 1.54 0.83 0.88 0.90 1.44 0.95 1.27   

 St deviation 0.46 0.96 0.96 1.80 0.80 0.83 0.70 2.30 0.30 0.81   

Source: Cantwell-Spadavecchia original dataset – see text.   

Notes: GL= Greater London; SE = South East; W Mid = West Midlands;  

USA + = USA included in the ‘world’ figure in the computation of the RTA;  

USA - = USA excluded from the ‘world’ figure in the computation of the RTA . 
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 Table A.2 

The length and cost (1998 U.S. dollars) of patent protection for domestic and foreign patentees in selected countries.  

  1900 1925 1950 

 

USA 

 

$ 720
h 

386
 h
 343

 h
 

USA 

 

Years 17 aw 17 aw 17 aw 

UK 

 

$ 6,612 4,025 1,631 

UK 

 

Years 14 ap*** 16 ap** 16 ap** 

Japan 

 

$ 2,356 1,155 484 

Japan 

 

Years 
f n/a

 15 aw 15 pub** 15 pub** 

Germany 

 

$ 22,694 14,076 5,938 

Germany 

 

Years 15 ap 18 ap 18 ap 

France 

 

$ 4,933 1,443 1,711 

France 

 

Years 15 ap 15 ap 20 ap 

 

Notes : The fees refer to patent awards carried the full term;  

h = Discrimination against foreign patentees though evidentiary rules in patent interference proceedings. 
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ap = Date of patent application. 

aw = Date of patent award. 

f n/a = the information reported refers to domestic patentees only; the correspondent information for foreign patentees is not available 

from this source. 

pub = Date of patent publication. 

** = Extension of patent is possible for more than 5, but 10 or less years. 

***= Extension of patent for more than 10 or an indefinite period is possible. 

Source: Lerner, ‘Summary Tables’.   
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Table A.3 Co-operative Research Associations (CRAs) 

 

Location 
a
 Date of 

formation 

Beginning of grant-earning 

period 

Number of 

completed 

years of work 

(31 July 1932) 

Total value of grants 

(31 July 1932) 

£ 

British Photographic Research 

Association 

Central London 05/05/1918 15/05/1918 12 (31 July 

1930) 

26,110 

British Scientific Instrument Research 

Association 

Central London 23/05/1918 01/07/1918 14 123,341 

British Research Association for the 

Woollen and Worsted industries 

Leeds 26/09/1918 01/10/1918 13 77,143 

British Portland Cement Research 

Association 

Central London 09/11/1918    

Research Association of British Motor 

and Allied Manufacturers 

Central London 13/03/1919 01/04/1920 10 
b
 25,711 

British Boot, Shoe and Allied Trades 

Research Association 

Central London 01/05/1919 01/01/1919 13 10,762 

British Sugar Research Association Central London 28/05/1919 (Licence issued by BoT on 

28/03/1919) 

 
c
 

British Cotton Industry Research 

Association 

Manchester 07/06/1919 01/07/1919 13 136,040 
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British Iron Manufacturers Research 

Association 

Manchester 03/07/1919 (Licence issued by BoT on 

03/07/1919) 

5 
d 

Glass Research Association Central London 08/08/1919   58,600 

Linen Industry Research Association Belfast 10/09/1919 01/10/1919 12 64,241 

Research Association of British 

Rubber and Tire Manufacturers 

Croydon, 

London 

30/09/1919 01/01/1920 12 34,750
 e
 

British Association of Research for 

Cocoa, Chocolate, Sugar 

Confectionery and Jam Trades 

Central London 04/12/1919 01/10/1919 12 26,792 

British Non-Ferrous Metals Research 

Association 

Central London 05/12/1919 01/01/1920 12 66,694 

British Refractories Research 

Association 

Stoke-on-Trent 15/03/1920 01/07/1920 12 23,280 

Scottish Shale Oil Scientific and 

Industrial Research Association 

Glasgow 25/03/1920 01/04/1920 12 7,500
 f 

British Launderers' Research 

Association 

Hendon 19/07/1920 01/10/1920 11 27,815 

British Leather Trades' Research 

Association 

Central London 27/07/1920 01/10/1920 11 27,544 

British Cutlery Research Association Sheffield 17/09/1920 01/01/1921 11 10,829
g
 

British Electrical and Allied Industries 

Research Association 

Central London 22/09/1920 01/10/1920 11 94,501 

British Motor Cycle and Cycle Car 

Research Association 

Coventry 16/10/1920 01/01/1921 9 
h
 9,050
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Sources: Varcoe, ‘Co-operative Research Associations’; Report of the Committee, various years.  

Notes: a= Refers to permanent laboratories acquired in most cases after the date of formation. Offices were sometimes elsewhere, usually in Central 

London. The Shale Oil Research Association, the Colliery Owners' Research Association, the Iron and Steel Foundation (Industrial Research Council) 

British Silk Research Association Leeds 17/11/1920 01/01/1921 11 15,228 

British Music Industries Research 

Association 

Holloway, 

London 

24/11/1920    

British Cast Iron Research Association Birmingham 24/05/1921 01/07/1921 11 39,207 

Research Association of British Flour 

Millers 

St. Albans 01/07/1923 01/07/1923 9 22,582 

British Colliery Owners' Research 

Association 

Central London 29/12/1924 (Licence issued by BoT on 

29/12/1924) 

7 
i 

British Food Manufacturers' Research 

Association 

Holloway, 

London 

01/07/1925 01/07/1925 7 7,291 

Research Association of British Paint, 

Colour and Varnish Manufacturers 

Teddington 01/07/1926 01/07/1926 6 23,843 

British Iron and Steel Federation (Iron 

and Steel Industrial Research Council) 

Central London 01/01/1929 01/07/1929 3 18,166 

Printing Industry Research Association Central London 21/11/1930 (Licence issued by the BoT 

on 21 November 1930) 

1 
j 

Institution of Automobile Engineers 

(Research and Standardisation 

Committee)
k
 

Chiswick 01/07/1931 01/07/1931 1 2,500 
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and the Printing Industry Research Association did not have central laboratories; in these cases the location of the association's headquarters is 

reported.  

b = Grant aid to the Research Association of British Motor and Allied Manufacturers ceased at the close of the year ended 31 March 1927; Report 

(1931).  

c = The British Empire Sugar Research Association operated until February, 1926, on a limited scale only, assisted by grant aid from the interest of 

the Million Fund; (Report, 1927, p. 6) 

d = The operations of The British Iron Manufacturers Research Association were suspended in 1924 and, it is understood, were not resumed until July 

1932. 

e = This figure does not include an advance of £2,500 made to the Research Association of British Rubber Manufacturers for the year ending 31 

December, 1929. 

f = This grant was paid in respect of the first five years of the period of operations; the Association has since continued operations without further 

grant aid. 

g = This figure does not include advances, amounting to £6,000, made to the British Cutlery Research Association during the three years ending 31 

December, 1928, which are repayable from royalties (see also Report, 1933, p. 98). 

h = grant aid to the British Motor Cycle and Cycle Car Research Association ceased at the close of the year ended 31 December 1927; Report (1932). 

i = British Colliery Owners' Research Association is not in receipt of grant aid from the Department. 

j = The Printing Industry Research Association is not in receipt of grant aid from the Department. 
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k = The Research and Standardisation Committee of the Institution of Automobile Engineers took over the research work of the Research Association 

of British Motor and Allied Manufacturers as from 1 July 1931, and that of the British Motor Cycle and Cycle Car Research Association as from 1 

January, 1932. 
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Table A.4: Patents with a corporate assignee by technological field (percentage) 

 

Technological Fields 

1918-19 1925-26 1930-32 1918-32 

1918-32  

Absolute 

Values 
1 Food and tobacco products 

 

0.0 31.6 36.4 27.3 18 

2 Distillation processes 

 

0.0 80.0 50.0 54.5 6 

3 Inorganic chemicals 

 

40.7 52.0 54.8 49.4 41 

4 Agricultural chemicals 

 

33.3 0.0  20.0 1 

5 Chemical processes 

 

17.9 32.6 57.7 42.1 61 

6 Photographic chemistry 

 

37.5 20.0 82.6 63.9 23 

7 Cleaning agents and other 

compositions 

 

14.3 37.5 60.9 46.4 39 

9 Synthetic resins and fibres 

 

33.3 44.4 68.2 58.8 20 

10  Bleaching and dyeing  

 

42.9 50.0 80.3 73.2 71 

11 Other organic compounds 

 

40.0 50.0 78.8 71.3 144 

12 Pharmaceuticals and 

biotechnology 

 

0.0 40.0 58.3 47.8 11 

13 Metallurgical processes 

 

31.9 30.3 47.3 37.8 51 

14 Miscellaneous metal 

products 

 

17.5 26.9 34.7 27.2 153 

15 Food, drink and tobacco 

equipment 

 

 12.5 53.8 38.1 8 

16 Chemical and allied 

equipment 

 

19.8 34.8 48.4 37.9 184 

17 Metal working equipment 

 

24.6 37.8 46.2 35.4 122 

18 Paper making apparatus 

 

9.1 37.0 49.0 40.4 36 

19 Building material 

processing equipment 

 

33.3 35.7 57.1 47.1 24 
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20 Assembly and material 

handling equipment 

 

23.6 43.0 55.2 44.2 134 

21 Agricultural equipment 

 

0.0 42.9 0.0 17.6 3 

22 Other construction and 

excavating equipment 

 

0.0 28.6 0.0 12.5 2 

23 Mining equipment 

 

0.0 42.9 77.8 47.6 10 

24 Electrical lamp 

manufacturing 

 

 0.0 75.0 60.0 3 

25 Textile and clothing 

machinery 

 

41.9 37.0 54.8 46.8 216 

26 Printing and publishing 

machinery 

 

32.0 51.2 59.4 51.5 88 

27 Woodworking tools and 

machinery 

 

0.0 33.3 100.0 33.3 2 

28 Other specialized 

machinery 

 

18.4 32.5 46.4 35.5 122 

29 Other general industrial 

equipment 

 

33.3 36.6 41.8 37.9 324 

30 Mechanical calculators and 

typewriters 

 

50.0 33.3 81.8 57.7 15 

31  Power plants  

 

54.2 16.7 66.7 51.7 31 

33 Telecommunications 59.1 63.4 90.6 80.6 145 

34 Other electrical 

communication system 

 

16.7 57.1 76.9 57.7 15 

35 Special radio systems 

 

75.0 100.0 93.8 90.9 20 

36 Image and sound equipment 

 

27.8 39.6 56.5 46.1 59 

37 Illumination devices 

 

31.3 33.3 52.7 43.9 43 

38 Electrical devices and 

systems 

 

39.6 48.5 77.4 63.4 211 

39 Other general electrical 

equipment 

 

51.2 56.3 61.6 56.4 149 

41  Office equipment and data 

processing systems  

0.0 43.8 61.5 53.4 39 
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42 Internal combustion 

engines 

 

28.4 28.3 33.3 29.7 54 

43 Motor vehicles 

 

25.0 30.8 32.1 29.2 19 

44 Aircraft 

 

30.4 53.3 36.4 36.2 38 

45 Ships and marine 

propulsion 

 

20.0 35.3 31.6 26.4 29 

46 Railways and railway 

equipment 

 

21.4 33.3 52.6 37.4 37 

47 Other transport equipment 

 

31.1 23.7 33.3 29.8 42 

48 Textiles, clothing and 

leather 

 

22.2 26.9 48.4 34.7 26 

49 Rubber and plastic products 

 

30.0 37.9 60.5 46.0 40 

50 Non-metallic mineral 

products 

 

20.0 25.6 53.6 35.8 58 

51 Coal and petroleum 

products 

 

30.0 45.0 90.9 53.7 22 

52 Photographic equipment 

 

25.0 60.0 63.6 48.5 16 

53 Other instruments and 

controls 

 

30.3 30.0 38.5 33.6 220 

54 Wood products 18.2 8.3 55.6 25.0 8 

55 Explosive compositions and 

charges 

 

70.0 100.0 33.3 64.3 9 

56 Other manufacturing and 

non-industrial 

 

53.6 33.3 36.4 43.1 189 

 Total 31.1 37.1 52.9 42.5 3,451 

 

Note: empty cells indicate the absence of patents; 0.0 indicates the absence of patents 

with a corporate assignee. 

Source: Cantwell-Spadavecchia original dataset – see text.   
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TABLES 

 

Table 1 Number of patent records and growth rates 

 1918-19 1925-26 1930-32 

Dataset 2,168 2,371 3,587 

Foreign USPTO 6,380 9,710 18,585 

Domestic USPTO 68,867 81,454 131,853 

  CAGR  1919-25 CAGR 1926-30 

Dataset  1.02 1.11 

Foreign USPTO  1.07 1.18 

Domestic USPTO  1.03 1.13 

 

Note: CAGR = compounded annual growth rate 

Source: Cantwell-Spadavecchia dataset - see text; US patent database developed at the 

University of Reading – see Cantwell, “The Evolution” (henceforth Cantwell database 

1995) 

 

Table 2: Coefficient of correlation between British RTA, German RTA and American 

RTA, 1918-1932 benchmark years 

 UK  (USA+)   UK (USA-)   Germany  

(USA+)   

Germany  

(USA-)   

Germany  

(USA+)   

0.598*** -0.313**   

Germany  

(USA-)   

0.453*** -0.253*   

USA -0.754*** 0.241* -0.943*** -0.721*** 

Notes= *** p<0.01, ** p<0.05, * p<0.1 
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USA + = USA included in the ‘world’ figure in the computation of the RTA; USA - = 

USA excluded from the ‘world’ figure in the computation of the RTA. 

Source: Cantwell database 1995. 

 

Table 3 Coefficients of correlation between the RTA and the citation algorithm 

 Greater London  South East  West Midlands  North West UK 

USA - 0.68*** 0.58*** 0.81*** 0.68*** 0.64*** 

USA + 0.77*** 0.54*** 0.79*** 0.85*** 0.76*** 

Notes= *** p<0.01, ** p<0.05, * p<0.1 

USA + = USA included in the ‘world’ figure in the computation of the RTA;  

USA - = USA excluded from the ‘world’ figure in the computation of the RTA. 

Source: Cantwell-Spadavecchia dataset and Spadavecchia citations dataset. 

 

Table 4: Regions ranked by rates of corporate innovation   

 

1918-19 1925-26 1930-32 1918-32 

Absolute 

Values 

East Midlands 38.9 52.5 69.8 59.3 283 

North 42.1 45.5 68.4 54.5 168 

North West 24.6 41.6 68.5 49.9 557 

East Anglia 38.1 36.4 59.5 48.2 41 

West Midlands 33.9 40.5 55.4 45.2 366 

Greater London 35.7 36.9 47.6 41.2 1,437 

Scotland 30 33.3 43.6 36.4 168 

Northern Ireland 18.8 0 66.7 34.9 15 

South West 17 34 41.3 32.8 59 

South East  20.3 26.8 43.2 32.5 234 

Yorkshire and 

Humberside 
20 30.3 41 30.9 108 
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Wales 14.6 16 20 16.5 15 

UK 31.1 37.1 52.9 42.5 3,451 

USA 28.3 
a
 35.3 49.0

 
41.8 116,657 

British corporations’ 

share of UK total 

72.1 66.3 58.7 64.8 2,235 

 

Notes: a= 1921 

Sources: Cantwell-Spadavecchia dataset – see text and Carter et al. (eds) Historical 

statistics, pp. 426-429. 

 

Table 5. Corporate patents in the top 15 technological fields by absolute values and 

percentages  

Technological fields 

Absolute 

values Technological fields Percentages 

(29) Other general industrial 

equipment 

324 (35) Special radio systems 90.9 

(53) Other instruments and controls 220 (33) Telecommunications 80.6 

(25) Textile and clothing machinery 216 (10) Bleaching and dyeing  73.2 

(38) Electrical devices and systems 211 (11) Other organic compounds 71.3 

(56) Other manufacturing and non-

industrial 

189 (55) Explosive compositions and 

charges 

64.3 

(16) Chemical and allied equipment 184 (6) Photographic chemistry 63.9 

(14) Miscellaneous metal products 153 (38) Electrical devices and systems 63.4 

(39) Other general electrical 

equipment 

149 (24) Electrical lamp manufacturing 60.0 
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(33) Telecommunications 145 (9) Synthetic resins and fibres 58.8 

(11) Other organic compounds 144 (30) Mechanical calculators and 

typewriters 

57.7 

(20) Assembly and material handling 

equipment 

134 (34) Other electrical communication 

system 

57.7 

(17) Metal working equipment 122 (39) Other general electrical 

equipment 

56.4 

(28) Other specialized machinery 122 (2) Distillation processes 54.5 

(26) Printing and publishing 

machinery 

88 (51) Coal and petroleum products 53.7 

(10) Bleaching and dyeing 

(disinfecting and preserving incl.) 

71 (41) Office equipment and data 

processing systems 

(Semiconductors incl.) 

53.4 

Source: Table A.4 in the Appendix. 

 

Table 6. Coefficient of Correlation between corporate patenting (CP) and growth rates 

(Growth) in technological fields 

18-19 CP / 

18-19 Growth 

25-26 CP / 

25-26 Growth 

25-26 CP / 

22-25 Growth 

30-32 CP / 

30-32 Growth 

30-32 CP / 

27-30 Growth 

0.54*** -0.03 -0.16 0.27* 0.01 

 

Notes= *** p<0.01, ** p<0.05, * p<0.1 

Source: Cantwell-Spadavecchia dataset - see text; Cantwell database 1995. 
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Table 7. Pooled OLS with regional dummy variables: British regions’ Adj 

RTA 30-32  (robust standard errors in parentheses) 

 New 11 Regions (USA -) 

 

New 11 Regions (USA +) 

 

Adj RTA 25-26  0.277***   (0.063)   0.281***   (0.061)  

Adj RTA 18-19 0.165***   (0.056) 0.194***   (0.055) 

Growth 25-26 4.991***   (0.817) 2.438***    (0.680)      

CP 25-26 -0.185*   (0.101)   -0.186*    (0.105)     

CP 18-19 -0.079  (0.091) -0.077   (0.093) 

Emp 21 0.083**   (0.037) 0.066*    (0.040)      

HHI 0.547***   (0.110) 0.611***    (0.112)     

CRA 0.022   (0.0151)     0.024   (0.020)     

Cit 25-26 0.052*   (0.0287)  0.053*   (0.029)   

Cit18-19 -0.017   (0.031) -0.017   (0.035) 

 

cons -0.206**    (0.090)  -0.088   (0.090)   

Region 2 -0.068   (0.084)       -0.081 (0.088) 

Region 3 -0.110   (0.079)  -0.144*   (0.084)  

    

Region 4 -0.193***   (0.076) -0.189**   (0.081)   

Region 5 -0.275***   (0.082) -0.346***   (0.084) 

Region 6 -0.159**   (0.084) -0.208**   (0.088)     

Region 7 -0.117   (0.094)     -0.190*   (0.099)   

Region 8 -0.228**   (0.098) -0.288***   (0.106) 

Region 9 -0.258***    (0.082) -0.281***   (0.090) 

Region 10 -0.243***   (0.085) -0.269***    (0.089) 

Region 11 -0.317***   (0.103) -0.381***   (0.109)   

Observations 566 560 

R-squared 0.3401 0.3388 
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Notes: 

*** 

p<0.01, ** p<0.05, * p<0.1;  

USA + = USA included in the ‘world’ figure in the computation of the RTA;  

USA - = USA excluded from the ‘world’ figure in the computation of the RTA. 

Eleven regions included: 1 Greater London; 2 South East; 3 West Midlands; 4 North 

West; 5 East Midlands; 6 Scotland; 7 South West; 8 East Anglia; 9 Yorkshire and 

Humberside; 10 North; 11 Wales.  

  

                                                        

F (p-value) 23.91  (0.0000) 21.30 (0.0000) 

Root MSE 0.47223 0.48773 
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Table 8. OLS: Regional Adj RTA 30-32  (USA patents excluded from the ‘world’ figure in the computation of the 

RTA; robust standard errors in parentheses) 

 London South East South East (L) West Midlands  North West 

 

Adj RTA 25-26 0.693***  

(0.159) 

0.0445 

(0.186) 

0.775** 

(0.299) 

0 .438***   

(0.162)     

0.450***   

(0.181)    

Adj RTA 18-19 0.236** 

(0.100) 

0.197 

(0.162) 

0.210 

(0.237) 

0.081    

(0.236) 

0.123   

(0.138) 

Growth 25-26 0.571 

(0.993) 

2.602 

(2.600) 

4.43* 

(2.482) 

2.602    

(2.471) 

4.110*    

(2.167) 

CP 25-26 -0.252 

(0.172) 

-0.285 

(0.315) 

-0.495* 

(0.295) 

-0.217    

(0.215) 

0.162   

(0.267)                     

CP 18-19 -0.056 

(0.167) 

0.303 

(0.264) 

-0.106 

(0.356) 

-0.076    

(0.311) 

-0.001    

(0.151) 

E 21 -0.042 

(0.039) 

0.296 

(0.212) 

-0.091 

(0.085) 

0.076    

(0.051) 

-0.078    

(0.115) 

HHI 0.575 

(0.489) 

0.257 

(0.484) 

1.709* 

(0.892) 

0.643**   

 (0.320)      

1.134***   

 (0.401) 

CRA 0.012 

(0.014) 

    

Cit 25-26 0.064 

(0.082) 

0.160 

(0.151) 

-0.059 

(0.113) 

0.021     

(0.079) 

-0.238   

 (0.151) 

Cit18-19 -0.094* 

(0.048) 

-0.008 

(0.032) 

-0.073 

(0.193) 

-0.025     

(0.134) 

0.022     

(0.060) 

Cons 0.167 

(0.151) 

-0.583* 

(0.305) 

0.205 

(0.357) 

-0.206    

(0.304)   

0.174   

(0.212) 

Observations 52 52  52 51 49 

R-squared 0.588 0.215 0.275 0.354 0.484 

F (p-value) 5.23 (0.0001) 2.57 (0.0188) 3.10 (0.0061) 2.34(0.0313) 7.80 (0.000) 
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 Notes: *** p<0.01, ** p<0.05, * p<0.1;  

West Midlands (no outliers) has 51 observations as 1 outlier from Citations 25-26 has 

been removed; 

North West (no outliers) has 49 observations as 1 outlier from Citations 18-19 has been 

removed; 2 outliers from Citations 25-26 have been removed;  

 

 

 

Root MSE 0.2254 0.495 0.476 0.465 0.389 
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Notes: *** p<0.01, ** p<0.05, * p<0.1;  

West Midlands (no outliers) has 51 observations as 1 outlier from Citations 25-26 has 

been removed; 

Table 9. OLS: Regional Adj RTA 30-32  (USA patents included in the ‘world’ figure in 

the computation of the RTA; robust standard errors in parentheses) 

 London  

 

South East South East 

(L) 

West 

Midlands  

North West  

 

Adj RTA 18-19  0.109    

(0.128) 

0.160     

(0.179)          

0.153    

(0.284)   

0.077    

(0.215)              

0.246*    

(0.124)              

Adj RTA 25-26 0.621***    

(0.163)      

0.036    

(0.190)    

0.753**    

(0.375)      

0.214    

(0.212) 

0.416**   

(0.170)     

Growth 18-19  -1.371   

(0.941)     

-0.048    

(2.254)     

3.793    

(2.461)  

1.486   

(2.581) 

0.641    

(1.789) 

CP 18-19 0.105   

(0.180) 

0.264    

0.230      

-0.245    

(0.467)     

0.301    

(0.341) 

-0.105   

0.155     

CP 25-26  -0.572**  

(0.242)         

0.156     

(0.294)     

-0.667**   

(0.287)     

-0.082   

(0.285) 

0.124    

(0.263) 

Emp 21 0 .025    

(0.047) 

0.344*    

(0.205)      

-0.0457 

(0.0953)     

0.0293    

(0.055) 

0.061    

(0.124) 

HHI 1.137**   

(0.495)    

0.120    

(0.523)      

2.379 **   

(0.912)      

0.539***   

(0.181) 

1.377***    

(0.395) 

CRA 0.006    

(0.016) 

    

Cit18-19 -0.113*    

(0.062)     

0.002   

 (0.035) 

-0.0309    

(0.112) 

0.023    

(0.158) 

0.066   

(0.108) 

Cit 25-26 -0.005    

(0.084) 

0.118 

(0.156) 

0.0224    

(0.210) 

0.027   

(0.079) 

-0.173    

(0.170) 

cons 0.280    

(0.185) 

-0.533    

(0.321)    

0.0637     

(0.386)      

0.335    

(0.317) 

0.135    

(0.230) 

Observations 52 52  52 51 49 

R-squared 0.651 0.159 0.295 0.299 0.598 

F (p-value) 12.52  

(0.0000) 

1.90  

(0.0780) 

3.21  

(0.0048) 

2.17  

(0.0447) 

11.44  

(0.0000) 

Root MSE 0.235 0.526 0.482 0.480 0.394 
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North West (no outliers) has 49 observations as 1 outlier from Citations 18-19 and 2 

outliers from Citations 25-26 have been removed.  
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FIGURES AND GRAPHS 

 

Figure 1:  The British regions 

 

 

Graph 1: Percentage of USPTO patents by regions and Greater London, 1918-32 

(benchmark years) 
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 Source: Cantwell-Spadavecchia dataset - see text. 
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Graph 2: Percentage of USPTO patents by UK regions, 1918-1932 (benchmark years) 

and 1969-1995 

 

Source: Cantwell-Spadavecchia dataset – see text and Cantwell and Iammarino, 2000. 

Note: South East includes Greater London. The 1969-95 figures do not separate the two. 
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Graph 3: RTA index: selected regions and the UK, by fields, benchmark years (1918-

1932, USA patents excluded from the ‘world’ total)  

 

 

Source: Cantwell-Spadavecchia dataset – see text. 
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Graph 4: RTA index: selected regions and the UK, by fields, benchmark years (1918-

1932; USA patents excluded from the ‘world’ total) 

 

 

Source: Cantwell-Spadavecchia dataset – see text. 
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