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Abstract 

How does patent examination influence access to finance for innovative firms? We exploit a 

reform to the UK’s patent system that introduced substantive examination to the patent 

application process, improving the information available to potential investors on the value of 

firms’ patents. Using a newly compiled firm-level dataset of exchange-listed corporations, we 

find that firms holding examined patents were able to borrow more, reflecting improved access 

to capital markets, and leading to firm growth. Our results highlight the role of patent 

examination in reducing information asymmetries, enhancing the signalling value of patents, 

and mitigating financial barriers to innovation. 
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1. Introduction 
Innovation is a key driver of economic growth, yet innovative firms face significant 

underinvestment challenges (Janeway, 2012; Nanda and Rhodes-Kropf, 2016). This is because 

the intangible nature of new inventions makes them inherently difficult for investors to evaluate 

(Hall, 2002), while their long and uncertain return horizons clash with investors’ preference 

for short-term gains (Kay, 2012; Besley et al., 2013). Beyond uncertainty, innovation 

investment is fraught with risks stemming from moral hazard and adverse selection (Hall, 

2009b; Hall and Helmers, 2024). This combination of risk and uncertainty forces innovative 

firms to rely on alternative financing mechanisms (Nicholas, 2011a; Bakker, 2013), or simply 

renders them unable to secure adequate funding to support their development and growth (Hall 

and Lerner, 2010). 

Patents offer a potential solution to these financing constraints. The private value of 

patent rights is typically viewed as being derived from its exclusionary function, which raises 

imitation costs, granting innovators time to recoup their initial investment and become a more 

investable prospect (Mansfield et al., 1981; Edquist and Johnson, 1997; Scotchmer, 2004). 

More recent scholarship has examined an additional channel through which patents can derive 

value: their potential to reduce information asymmetries between firms and prospective 

investors as they are positively correlated with knowledge capital and can also act as collateral 

(Long, 2002; Useche, 2014; Saidi and Žaldokas, 2017; Mann, 2018, Hochberg et al., 2018; 

Suh, 2023).1 By providing a credible “signal” of a firm’s innovation performance and returns 

potential, the patent system can mitigate the risks and uncertainties of investing in innovative 

firms (Hall, 2009b; Harhoff, 2009). However, the strength of this signal depends on granted 

patents being an accurate and reliable indicator of the value of the underlying invention. Thus, 

the design of the patent system is critical—not just for its ability to exclude imitators, but also 

for its role as a quality control mechanism that ensures patents reflect innovation value. 

Empirically evaluating the efficacy of patents and testing whether signalling theory 

holds in practice is challenging as policy changes and shocks to national innovation systems 

are rare events. Our paper examines the relationship between patenting and access to finance 

by exploiting one such rare event: the introduction of screening to the UK’s patent application 

process. The 1902 Patents Act introduced a substantive examination step into the British patent 

system for the first time, with the first patent applications being examined from 1 January 1905. 

Upon receipt of an applicant’s technical specifications, trained patent examiners would now 

 
1 Patents may also create value by reducing information asymmetries between firms and their customers (Ertugrul 
et al., 2024). 
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search through the past 50 years of published British patents for any inventions making similar 

claims. The resulting prior art search report was made available to the applicant, who could 

then revise their patent claims or withdraw their application. We treat this policy change as a 

quasi-natural experiment, employing a difference-in-differences model to investigate whether 

the introduction of examination affected the access to finance of patenting firms. We analyse a 

new, hand-collected dataset which contains all patenting firms officially listed on the London 

Stock Exchange for which balance sheet data are available. Our study window covers the 

period 1899–1913, encompassing six years before and nine years after the 1905 policy change. 

We assess whether the capital structure, the source of debt, and the size of patenting firms 

shifted in response to this reform, relative to a control group of non-patenting firms. 

We find that the introduction of patent examination significantly influenced the 

borrowing behaviour of patenting firms. Specifically, we observe a large and statistically 

significant increase in the debt-to-assets ratio of firms patenting after 1905, indicating that 

patent examination was associated with improved access to credit for these innovative firms. 

Notably, this effect was driven by increased access to capital market debt rather than bank 

lending or trade credit. Firms with examined patents borrowed significantly more in bond 

markets following the reform. This is consistent with pecking order theory (Myers and Majluf, 

1984). These results highlight the enhanced signalling potential of patent examination, which 

reduces information asymmetries between innovative firms and potential investors, thereby 

increasing the value of a patent beyond that derived from its exclusionary function alone. 

Notably, we find that patent examination is associated with growth in the size of innovative 

firms, rather than just a rebalancing of capital structure. This suggests that the patent system’s 

interaction with capital markets can play an important role in stimulating innovation-led 

growth. Our conclusions remain robust across a range of sensitivity and robustness checks. 

Our findings contribute to the small but growing body of evidence demonstrating the 

importance of patents in attracting finance, which to date has predominantly focused on start-

ups and venture capital (e.g., Baum and Silverman, 2004; Haeussler et al., 2009; Hsu and 

Ziedonis, 2013; Conti et al., 2013; Haeussler et al., 2014; Hochberg et al., 2018; Hall, 2019; 

Farre-Mensa et al. 2020; Hegde et al., 2022). The existing literature has demonstrated that 

innovative firms are credit constrained, and consequently more dependent on equity than debt 

financing (e.g. Brown et al., 2009; Brown et al. 2013). However, several recent studies have 

shown how debt is becoming a more viable option for financing innovation due to the collateral 

function patents can serve (Ayerbe et al., 2023). Saidi and Žaldokas (2017) show that the 

signalling value of a patent can substitute for a relationship-based lender’s “soft” information, 
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increasing access to capital markets. Mann (2018) and Hochberg et al. (2018) employ records 

from the USPTO on the use of patents as collateral to identify the role patents play in enhancing 

access to finance. Suh (2023) finds that legal rulings that secured firms’ rights over patents lead 

to increased use of patents as collateral and higher debt-to-assets ratios. And Gill and Heller 

(2024) show how a 2004 change in EU law which strengthened patent rights led to significant 

increases in debt financing by patenting firms, along with lower interest rates. Our results are 

consistent with these findings, showing that patent examination unlocked debt financing, and 

facilitated greater access to capital markets rather than bank debt or trade credit.  

Our findings add to our limited understanding of the signalling value of a patent’s 

underlying innovation, as opposed to the value of patents’ exclusionary function.2 Separating 

these benefits is challenging, and prior literature has found mixed evidence that patents act as 

signals (Hall, 2019). Some studies find that patents are important by themselves, and not as a 

signal of underlying innovation quality (Hottenrott et al., 2017; Hochberg et al., 2018). Others 

suggest that it is the underlying innovation quality driving access to finance, rather than the 

simple existence of an exclusionary patent right (Haeussler et al., 2014; Farre-Mensa et al., 

2020). Our findings are consistent with the view that examined patents can signal the 

underlying novelty of inventions, and therefore that the design of the patent system influences 

innovative firms’ access to finance.  

Our findings also contribute to the literature on patent quality, the design of patent 

institutions, and the optimal level of patent examination (Atal and Bar, 2014; Caillaud and 

Duchêne, 2011; Castaldi et al., 2024; Liu, 2024). Patent quality has long been a subject of 

economic inquiry because of the potential social cost of low-quality patents.3 Patent 

examination standards represent one policy lever that can be actively manipulated to change 

patent quality. Sampat (2010) finds that applicants routinely fail to cite relevant prior art. 

Langinier and Marcoul (2016) model the patent examination process as a strategic interaction 

between applicants and examiners, where applicants have an incentive to conceal information. 

They argue that patent quality can be improved by better incentivising applicants to disclose 

all relevant prior art. Allison and Hunter (2006) highlight how a US patent quality improvement 

 
2 Schankerman and Schuett (2022) model the patenting process as a signalling game played between inventors 
and patent authorities, which allows them to consider the efficacy of examination intensity. However, inventors 
there are not credit constrained; financial frictions do not feature in their theory model. 
3 It is useful to distinguish patent quality from the quality of information about patents. The former is concerned 
with the private and social value of patents, whereas the latter is one means of determining the former. Patent 
quality is measured in different ways in different works, including using renewal data and forward citations. 
Lanjouw and Schankerman (2004) and Shu et al. (2022) link patent quality with the stock market value of firms.  
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initiative, which increased examiner-added prior art references, led applicants to adapt by citing 

such references themselves. 

Finally, our findings add to the literature that examines patenting and innovation 

incentives from a long-run historical perspective (Moser, 2013; Billington et al., 2024). Recent 

contributions to this literature include: Nanda and Nicholas (2014), who examine the impact 

of bank failures during the Great Depression on the level and quality of innovation by patenting 

firms; Lehmann-Hasemeyer and Streb (2016), who study the IPO performance of patenting 

firms in Germany for the same historical period as our own; Donges et al. (2023), who study 

the impact of the introduction of inclusive institutions due to France’s 1789 occupation of 

Germany on patenting activity; and Babina et al. (2023), who evaluate the long-run impact of 

the Great Depression on the patenting behaviour of firms and individuals. 

Our paper proceeds as follows: Section 2 combines the institutional background of the 

1905 patent system reforms with the relevant economic and financial theory to outline our 

expectations of their impact on firm financing decisions. Section 3 describes our data and 

explains trends in patenting practices over our sample period. Section 4 outlines our 

econometric methodology and presents our core and additional empirical results. Finally, 

Section 5 concludes. 

2. Background and hypotheses 
The purpose of screening patent applications is to prevent the patenting of low social value 

inventions, or inventions that would raise social costs. Broadly, patent authorities have two 

screening mechanisms at their disposal: (1) they can manipulate the costs of obtaining 

protection using application fees, and (2) they can assess the social value of applications 

through patent examination (Encaoua et al., 2006; Kou et al., 2013). High patent fees are 

designed to encourage only high-quality inventors to self-select into using the patent system 

(Burhop, 2010), but will also have the effect of excluding access to patent protection to credit-

constrained inventors (Macleod et al., 2003; MacLeod and Nuvolari, 2016). In contrast, using 

patent examination to ensure inventions meet agreed standards of novelty and utility makes 

patents a more inclusive economic institution that it is open to all, irrespective of ability to pay 

(Acemoglu and Robinson, 2012). By raising the average quality of granted patents, patent 

examination can act to strengthen the signal to investors of the possible yield associated with 

patenting firms’ R&D portfolios (Hall, 2019).  

Patent systems around the world have very different levels of in-built examination 

screening (de Saint-Georges and van Pottelsberghe de la Potterie, 2013; Picard and van 
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Pottelsberghe de la Potterie, 2013; Harhoff, 2016). Most employ legal professionals to make 

sure the minimum legal requirements of the application are met – a so-called “formalities 

examination”. Many go further and employ scientifically trained examiners to classify the 

invention and check the existing literature – a “prior art search” – to determine whether the 

invention meets patentability requirements surrounding novelty, inventive step (or non-

obvious) and industrial applicability (utility). This more sophisticated, lengthy and costly 

process is known as “substantive examination”.4 But some systems – known as “patent 

registration systems” – do not have any such processes; a patent is issued as soon as the 

appropriate fees are paid and documents submitted, and there is no initial determination of 

validity; all quality control is essentially left to ex post private enforcement through the courts.  

The historical development of Britain’s patent system reflects the transition from one 

of registration with minimal government involvement in the screening of patent applications, 

to one with a substantive examination step conducted by qualified officials employed by the 

Patent Office. The Patents, Designs, and Trade Marks Act of 1883 first moved the system from 

one of pure registration towards having a light-touch formalities examination of patent 

descriptions.5 The 1883 Act also significantly decreased patent fees. While this made the patent 

system a more inclusive institution, it meant patent applicants no longer self-selected by 

quality. The resulting lack of any screening element produced a system of low social value and 

high social cost; there were many patents, but few of any meaningful quality (Nicholas, 2011b). 

From the perspective of investors, there was little to differentiate a good patent from a bad one; 

the patent system granted little signalling value. 

Contemporaries raised concerns about the social costs of the patent system. Principally 

they complained of the wasteful allocation of resources directed toward the patenting of 

obvious inventions or inventions already patented before, coupled with a greater risk of 

litigious rent-seeking behaviour. Evidence submitted before a 1901 Parliamentary Committee, 

convened to investigate the utility of adopting a stronger form of patent examination, 

demonstrated that up to 42 per cent of all patents granted between 1898 and 1900 were for 

inventions that were neither new, novel, nor non-obvious (House of Commons, 1901). The 

consequence of the committee’s work was a new legislative initiative, which ultimately led to 

the adoption of a more substantive examination step with the passing of the 1902 Patents Act.6 

 
4 Even within these systems, examiner experience and workloads may limit the accuracy of examination (Lemley 
and Sampat, 2012; Kim and Oh, 2017; Shu et al., 2022). 
5 Patent Office examiners were trained to check for consistency between an application’s provisional specification 
outlining the nature of the invention, and the later complete specification which provided the technical details. 
When inconsistencies were identified, the applicant was required to redraft their complete specification. 
6 This act did not substantially change patent rights in other ways; the term of a patent remained 14 years.  
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[INSERT FIGURE 1 HERE] 

The new patent examination process constituted a team of trained patent examiners 

screening patent applications against the prior art (see Figure 1).7 Examination reduced 

information asymmetries between patent holders and the public.8 The examiner’s role was to 

identify any patents from the previous 50 years of British patent grants that may have pre-

empted or “anticipated” the subject matter for which protection is being sought in terms of its 

technical features (known as “claims”).9 The examiner communicated the results of their search 

to the applicant, providing them, where necessary, a list of all anticipating specifications. The 

applicant was encouraged to amend their specification considering the examiner’s report, 

which would serve to more precisely define the novelty of their claims, or, indeed, withdraw 

their application altogether. Should the applicant refuse to revise their application, the Patent 

Office reserved the right to append the examiner’s list of anticipating references to that patent 

specification, making it publicly available for interested parties in its official publications.10 

Patent examiners had no authority to refuse the grant of a patent on grounds of novelty; an 

anticipated patent could still be obtained, but now the public had access to more information 

to enable evaluation of its novelty.11 

The pre-1905 patent system in Britain provided, at best, an extremely noisy signal of 

innovation quality. Contemporaries were well aware that patents had the potential to signal the 

value of underlying innovation to market participants, and that patent examination could 

enhance that signal quality through screening.12 An examined patent not only better reflected 

a firm’s innovation capabilities and prospective novelty of their ideas, but also the potential 

 
7 The first batch of new examiners was recruited with an open competitive call (The Times, 4 May 1903). Some 
calls sought specific scientific expertise, e.g., a 1920 advertisement sought applicants with knowledge in ‘general 
chemistry, electricity and magnetism, mechanics and mechanism’ (The Times, 5 January 1920). 
8 The British system allowed applicants to submit a ‘Provisional’ specification with their application. This 
specification detailed the nature of the innovation being presented for a patent. Patent examiners only conducted 
their investigation upon receipt of the ‘Complete’ patent specification, which provided the technical details. 
9 This differed from other countries’ patent examination systems whose examiners engaged in a broader novelty 
search. Contemporaries were aware of the difference: a letter to the editor of The Times (25 December 1908) 
commented: ‘Our system, the 1902 Act, of mere search […] while being a considerable improvement, still falls 
far short, of the German and American requirements, which address themselves to investigating the novelty, merit, 
and originality of an invention before granting a patent’. 
10 The Act increased upfront application fees from £3 to £4 to cover the cost of this examination. The final sealing 
fee of £1 was paid after receiving the examiner’s report. Failure to pay voided the application. 
11 Patent law was further amended with the Patents and Designs Act 1907, which added provisions for 
administrative enforcement of the working clause for foreign patentees. No change was made to the fee schedule 
or the examination regime; the act served mostly to consolidate various old IP laws (Adams, 2007). 
12 Witnesses to the 1901 Parliamentary Committee were concerned that the public would perceive the Patent 
Office’s examination of patents as a guarantee of novelty, especially in instances where the examiner did not find 
anything. Some contemporaries were concerned that the public might interpret this signal too optimistically. See 
opposition to the new legislation in The Economist (12 April 1902). 
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commercial success of the patented technology.13 We hypothesise that this could result in better 

access to finance as patenting firms were seen as having secured intellectual property rights 

that had a higher probability of generating sufficient revenue streams in the future. 

We hypothesise that, first, the introduction of patent examination improved the quality 

of the patent pool in Britain after 1905. Indeed, de Rassenfosse et al. (2021) estimate that the 

quality of patents granted is greater in patent systems that employ rigorous patent examination. 

Second, we hypothesise that the signal of value highlighted by patent examination reduced 

information asymmetries between firms and investors, reducing the risks associated with 

investing in innovative firms, and enabling greater access to finance for firms with examined 

patents. Existing evidence shows that firms use their patent assets as a form of collateral to 

raise debt financing (Fischer and Ringler, 2014; de Rassenfosse and Fischer, 2016; Mann, 

2018).14 We follow pecking order theory in hypothesising that firms prioritised debt financing 

over equity, where possible, as it is less costly because it does not require sacrificing ownership 

and control rights (Myers and Majluf, 1984; Harhoff, 2009).15 

There are two channels through which the enhanced signalling function of patents may 

have acted to reduce information asymmetries between innovative firms and market 

participants. First, the examination and grant of a non-anticipated patent would have helped 

investors to directly identify innovative firms. Second, the addition of references to the 

specifications of patents judged not to be novel by patent examiners would have either 

discouraged inventors from pursuing low-quality applications by abandoning them,16 or 

discouraged investors from investing in firms which possessed them. Either way enhances the 

average quality of patents granted under the new examination regime, thus strengthening the 

direct value signalling characteristic of a patent.17 

 
13 A legislative roundup of 1902 published in The Times (15 January 1903) argued that patent examination will 
increase inventors’ confidence in being the ‘“true and first inventor,” and enhance the saleable value of the patent’, 
but cautioned that examination is ‘nevertheless, not in any way to guarantee the legal validity of the patent’. 
14 That is not to say patents can also be used to motivate the raising of equity; Lehmann-Hasemeyer and Streb 
(2016) find that German firms used their patent portfolios to signal their value during IPOs during the same 
historical period we investigate here. 
15 Trade-off theory also predicts a preference for debt over equity in the presence of a tax shield (Modigliani and 
Miller, 1963; Kraus and Litzenberger, 1973). However, there was no corporate tax system in our period of enquiry. 
16 The choice to add an additional £1 fee to be paid upon receipt of the examiner’s report, but prior to paying the 
fee for sealing their patent, was to encourage applicant’s seeking ‘bad’ patents to simply abandon them. £1 in 
1905 represents £135 in real prices and £800 in income value today (https://www.measuringworth.com/). 
17 In the 1909 Report of the Comptroller-General of Patents, Designs, and Trade Marks, the Patent Office’s chief 
executive opined that prior art search had ‘materially enhanced the value of patents granted in the United 
Kingdom,’ and that ‘every effort is made to eliminate irrelevant matter from the specifications, to make the claims 
clear and succinct, to define the state of the art, and to insert references to any patents which seem to require 
special notice in the interest of the public’. 
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Our argument focuses on the signal of an examined patent’s innovative value. While 

the rest of the patent system, including the courts, remained unchanged, we do not deny the 

possibility that the introduction of prior art search examination also affected the exclusionary 

value of patents. Viewing patents as probabilistic property rights following Lemley and Shapiro 

(2005), we can hypothesise that examination increased the probability that a patented invention 

is novel, and therefore decreased the probability that the patent will be annulled in the courts 

following a challenge by competitors.18 Essentially, however, this more traditional 

exclusionary function “lens” also hinges on the examination process’s ability to screen out 

anticipated patent applications and signal innovation quality. 

3. Data and descriptive statistics 
To examine the effect of patent examination on the ability of patenting firms to raise external 

finance, we focus our analysis on stock exchange listed companies as this enables collection of 

reliable data on firm finances, and these firms had access to both banks and capital markets. 

An additional benefit of this approach is that literature to date has predominantly focused on 

the relationship between innovation and finance of unlisted start-up companies. To this end, 

we have collected data for all patenting firms that were listed on the London Stock Exchange 

in the period 1899–1913, and a control group of non-patenting firms. 

To identify patenting firms, we first collected patent data from the European Patent 

Office’s (EPO) PATSTAT Biblio database (Autumn 2016 version).19 PATSTAT is a 

comprehensive database of all patents granted in EPO member states, in addition to Japan and 

the USA. The historical coverage of PATSTAT is incomplete, but British patent data is 

comprehensive for the late 1890s onwards (Billington and Hanna, 2021). We begin our analysis 

in 1899 to ensure that we have all patents granted in Britain, and a large window of data before 

examination was introduced in 1905. 1913 is a natural end point to our analysis due to the 

outbreak of World War I. PATSTAT includes patentee name(s), grant year, patent title, 

abstract, complete specification, and number of forward citations. 

We then manually matched our patent data with companies listed on the London Stock 

Exchange, by collecting data from Investor’s Monthly Manual (IMM) and Stock Exchange 

Daily Official Lists (SEDOL).20 This produced an initial list of 150 patenting companies, which 

 
18 No digitised database of patent infringement cases is available for this historical period. A new database would 
need to be constructed from Patent Office records to test this hypothesis. 
19 Appendix Table A1 counts total patent applications filed during the first nine years of the examined system. 
20 IMM is available digitally via the International Center for Finance at the Yale School of Management; printed 
copies of SEDOL are held at the Guildhall Library, London. 
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reflects the population of officially listed patenting companies in Britain in the period 1899–

1913. All our patenting companies are classified as either ‘Commercial, Industrial’ or ‘Iron, 

Coal, Steel’ in SEDOL. Our control group initially constitutes 200 non-patenting firms drawn 

from the same two SEDOL categories using a random number generator.21 

Next, we hand-collected annual balance sheet records for each firm. Unfortunately, 

balance sheets have not survived at the Guildhall Library, London, for all companies in our 

dataset. Our final dataset therefore constitutes 132 patenting companies, which represents all 

officially listed British patenting companies that were in existence part, or all, of the time 

between 1899 and 1913 (for which data are available), and 163 non-patenting control 

companies. This gives us 2,509 firm-year observations. 

3.1 Patent data 
Figure 2 shows total patenting activity in Britain before and after the 1902 Patents Act. The 

figure shows the ratio of patents granted (‘sealed’) each year against yearly total applications, 

yearly complete specification filings, and yearly provisional specification filings. Comparing 

the number of complete specifications with the number of patents sealed before and after the 

reform gives us an indication of whether the new examination system was encouraging low-

quality patents to be abandoned. Prior to 1905, the share of patent grants maps very closely to 

the share of complete specifications submitted. However, after 1905 there is a clear divergence 

between the two series. This suggests that a group of patent applicants was now opting to 

abandon their applications after the examination step, and in so doing increasing the overall 

quality of the patent pool. Additionally, after 1905 the ratio of sealed patents to provisional 

specifications rises, which suggests a reduction in the filing of applications for non-novel 

inventions, further indicating an increase in patent pool quality.  

[INSERT FIGURE 2 HERE]  

[INSERT TABLE 1 HERE] 

Statistics on the outcome of patent examination for the population of British patents are 

in Table 1. ‘Prior art search’ illustrates the level of anticipation patent examiners found in 

complete patent specifications each year. Only one third of all complete patent submissions 

were not anticipated at all. In 1905, 1,308 specifications were wholly anticipated – meaning all 

their claims had already been patented before – while 8,238 specifications were partly 

 
21 We drew proportional samples from each category based on the breakdown of the patenting companies. 
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anticipated – where one or several claims had been patented before. ‘Amendments following 

search’ shows the outcomes of the examination procedure. ‘Amended by patentee’ shows the 

number of patents where the applicant amended their specification, either upon receipt of the 

examiner’s report or following an appeal. ‘Insertion of reference’ refers to those patents where 

a list of anticipating specifications was appended to the applicant’s specification by the Patent 

Office (a so-called “forced reference”). Over time, the level of whole anticipation and forced 

references declined, suggesting an improvement in the average quality of patent applications 

in the years after the introduction of examination.22  

Table 1 presents total patenting statistics from PATSTAT separated into two periods. 

The first period we term ‘pre-reform’, which covers 1899–1904. The second period is ‘post-

reform’, which covers 1905–1913. Within each period we differentiate between patenting 

companies and patenting individuals based on PATSTAT’s classification of patentees, and our 

sample of listed patenting companies. The summary statistics indicate differences in patenting 

companies’ characteristics over time. The most notable statistics are for ‘Patent stock’, which 

estimates the average number of patents granted to patentees. The introduction of patent 

examination coincides with an increase in the number of patents being obtained by firms, while 

the patent stock remains similar for individuals. Notably, our sample of patenting companies 

constitute heavy users of the patent system. Our listed companies obtained an average of 12 

patents in the pre-reform period, rising to an average of 20 after examination is introduced.23  

The ‘Reference’ variable shows no change between periods for companies, but an 

increase in patents which reference prior art for individuals. The examination step was helping 

to improve the accuracy of patent claims for individuals. Our sample of patenting companies 

were already referencing prior patents more frequently in their specifications, a trend which 

increased following examination. Our findings imply that the introduction of examination had 

a stronger effect on the signal of novelty for innovative companies.24  

‘Not granted’ refers to patent applications where a complete specification was filed, but 

the final sealing fee was not paid. Unsurprisingly, and as highlighted in Figure 1, there were 

few discernible instances of patentees abandoning their applications prior to 1905. After 1905, 

the rate of abandonment appears to be around one per cent for all companies and two per cent 

for individuals. This indicates that the examination step was discouraging applicants from 

 
22 The Patent Office published examination results up to the outbreak of World War I in 1914, after which they 
ceased to provide the same degree of detail in their annual publications. 
23 Even accounting for the outlier of British-Thomson Houston – which obtained more than 1,600 patents up to 
1913 – our patenting companies increase their usage of the patent system. 
24 This is consistent with Allison and Hunter (2006), who find that increased examiner-added prior art references 
in the US led applicants to adapt by citing more prior art themselves. 
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proceeding with the most low-quality patents. Notably, our patenting companies were much 

less likely to abandon their patents or to receive a forced reference. 

[INSERT TABLE 2 HERE] 

Table 2 shows annual patenting statistics for the firms in our dataset. Our sampled firms 

collectively obtain a total of 2,042 granted patents. After 1905, listed firms tend to receive a 

higher total number of patents than before 1905. The average number of patents received also 

increases compared to the pre-1905 period, although some of this change is due to several 

companies patenting prolifically. Table 2 also shows that patents granted following the 

introduction of examination are, on average, more heavily cited in later patents. This suggests 

that the introduction of patent examination was followed by a higher average quality of patents.  

Overall, the data in Figure 2 and Tables 1 and 2 indicate that by reducing the number 

of low quality, spurious or “bad” patents, and highlighting patents that were indeed novel, the 

introduction of prior art search patent examination made patents a more reliable and meaningful 

signal of a firm’s innovative value, particularly for our patenting firms. Patent examination 

increased average patent quality, which had the potential to reduce information asymmetries 

between innovators and investors.  

3.2 Financial data 
Table 3 reports summary statistics of key financial variables in our dataset. The data are split 

into patenting and non-patenting firms, before and after the introduction of patent examination. 

The main dependent variable we examine is the total debt-to-assets ratio, which captures a 

firm’s borrowing behaviour. This is computed by dividing the sum of all debt by total assets. 

Panel A describes the financial characteristics of all patenting firms and Panel B describes the 

financial characteristics of all non-patenting firms during the entire sample period 1899–1913. 

Before examination the total debt-to-assets ratio of patenting firms is very similar to that of 

non-patenting firms, at 0.25 to 0.24, with a maximum of 0.62 in patenting firms and 0.66 in 

non-patenting firms. After the introduction of examination, the average debt ratio for patenting 

firms increased to 0.28, while the ratio for non-patenting firms did not change. The maximum 

for patenting firms increased to 0.93, and to 0.78 for non-patenting firms.  

[INSERT TABLE 3 HERE] 

The data show that on average, firms possessing examined patents borrowed relatively 

more than firms patenting before the reform, or their non-patenting peers. This is consistent 
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with the hypothesis that rigorous patent examination may reduce information asymmetries, 

provide an enhanced signal of a firm’s innovative value, and facilitate better access to credit 

for patenting firms. Notably these average changes are not reflected in all forms of debt. Prior 

to examination, patenting firms borrowed at a similar level to non-patenting firms from capital 

markets; the average bond debt-to-assets ratio of patenting firms was 0.16 vs. 0.15 for non-

patenting firms. Both cohorts of firms had bank debt-to-assets ratios of 0.01 prior to 1905, and 

patenting firms received slightly more trade credit than non-patenting firms, at 0.08 vs. 0.07. 

Following the introduction of patent examination, the average trade credit-to-assets ratio of 

both cohorts of firms increase by 0.01 and average bank borrowing remains constant. However, 

patenting firms increase their ratio of average bond/capital market borrowing from 0.16 to 0.18, 

while average capital market borrowing from non-patenting firms does not change. This 

divergence implies that the introduction of patent examination specifically correlates with 

greater capital market access for patenting firms. 

It is notable that before examination, the average total debt-to-assets ratio of patenting 

firms is similar to the average of non-patenting firms. This is not consistent with the stylised 

fact that innovative firms struggle to access debt finance. A unique facet of our sample period 

is that Britain enjoyed very well-developed corporate debt markets, and listed firms typically 

had good access to debt (Coyle and Turner, 2013; Hannah, 2015; Coyle, Musacchio, Turner, 

2019). In addition, creditor rights in Britain were consistently strong during our period of 

analysis, particularly for bond holders (Coyle and Turner, 2013). Research has shown that 

patenting companies raise more debt when creditor rights are strong, due to increased collateral 

value of patents (Mann, 2018).  

On average, patenting and non-patenting firms in our dataset have broad similarities in 

their characteristics, as well as some differences. Patenting firms tended to be larger and were 

slightly more likely to be family or director controlled (‘Family Controlled’), while non-

patenting firms were slightly more likely to be based in London. Both cohorts of firms had 

similar levels of profitability (ROA, ROE).25 We have a mix of old and very young firms in 

the dataset, both patenting and non-patenting. This is possible because it was not unusual for 

early stage and even start-up companies to officially list on the stock exchange during the 

period of our analysis (Acheson, Coyle and Turner, 2016; Fjesme, Galpin and Moore, 2019). 

Table 4 shows the descriptive statistics for the pooled sample of all firms and years in our 

dataset.  

 
25 Questions have been asked of the accuracy of financial statements published prior to the Companies Act 1948. 
These issues generally arose after our sample period. See Aldous et al. (2023, p. 143) for discussion. 
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[INSERT TABLE 4 HERE] 

4. Empirical strategy and results 

4.1 Difference in means descriptive statistics 
In our empirical analysis we treat the 1905 introduction of patent examination in Britain as an 

exogenous policy intervention in a difference-in-differences framework. We compare 

patenting with non-patenting firms throughout. First, we examine whether the differences 

observed in the average level of our key debt variables are statistically significant, using simple 

difference of means tests. Table 5 reports the results of difference of means tests on the average 

level of debt financing of patenting and non-patenting firms before and after the introduction 

of patent examination. We run means tests using the year of patent grant (Panel A) and patent 

application (Panel B) to identify patenting firms. The results in Table 6 confirm the trends in 

averages identified in Section 3; patenting firms on average borrow significantly more relative 

to their assets after the introduction of patenting examination, whereas there is no significant 

change in non-patenting firm debt.  

[INSERT TABLE 5 HERE] 

Panel A shows that the average total debt-to-total assets ratio for firms with granted 

patents increases by a statistically significant 11.44 per cent after patent examination is 

introduced. There is a statistically insignificant 2.78 per cent increase in the average level of 

debt financing for non-patenting firms in the same period. Before patent examination is 

introduced, firms with patents borrow 4.59 per cent more than non-patenting firms relative to 

assets (24.83% vs. 23.74%). After the introduction of examination, average debt ratios for firms 

with examined patents were 13.36 per cent higher than non-patenting firms (27.67% vs. 

24.41%). 

We split firms’ total debt into capital market debt (i.e., bond debt), bank debt and trade 

credit. For patenting firms, we see statistically significant increases in both average ‘bond’ and 

‘trade’ debt ratios after examination. Patenting firm ‘bond’ debt ratios increased by 10.88 per 

cent (16.09% vs. 17.84%) following the introduction of patent examination, while there is no 

significant change in the level of bond financing for non-patenting firms. After examination, 

patenting firms borrow 17.99 per cent more than non-patenting firms through capital market 

‘bond’ debt (15.12% vs. 17.84%). While there is evidence of an increase in non-patenting firm 

bank borrowing before and after 1905, there is no statistically significant change in average 

bank borrowing by patenting firms after patent examination is introduced.  
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Panel B reports means tests using the year of patent application to identify when firms 

are treated in our dataset. The changes before and after patent examination for this group are 

similar to those in panel A, but of a larger magnitude. Comparing means between panels A and 

B, the data show that before examination is introduced, a firm that has filed a patent application 

borrows at the same level as non-patenting firms on average (0.2399 vs. 0.2390), and less than 

firms with a granted patent (0.2399 vs. 0.2483). After the introduction of examination, firms in 

the patent submission group borrow, on average, at an almost identical level to those with 

granted patents (0.2765 to 0.2767). This change before and after examination suggests that 

even patent applications may have an additional signalling effect in the new examination 

regime and implies an expectation, on the part of lenders, of a higher quality pool of patent 

applications following the introduction of examination.26 These data are consistent with the 

hypothesis that patents can have an important signalling value beyond the basic collateral value 

associated with exclusionary property rights, and that examination improves this signal. 

4.2 Total debt ratio difference-in-difference regression results 
Next, we introduce our more formal difference-in-difference analysis to examine the 

relationship between patent examination and firm financing more robustly. Our analysis is 

based on the following model: 

𝑌𝑌𝑖𝑖𝑖𝑖 = 𝛼𝛼𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖 + 𝛽𝛽𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃 𝐹𝐹𝐸𝐸𝐹𝐹𝐸𝐸𝑖𝑖 

+ 𝛾𝛾(𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ∗  𝑃𝑃𝐸𝐸𝐸𝐸𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑃𝑃 𝐹𝐹𝐸𝐸𝐹𝐹𝐸𝐸)𝑖𝑖𝑖𝑖 

+ 𝜃𝜃𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝜏𝜏𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(1) 

where Y is the total debt-to-total assets ratio; Examination is a dummy variable that equals 1 

for the years in our dataset after patent examination was introduced (1905–1913) and zero 

otherwise; Patenting Firm is a dummy variable that takes the value of 1 for firms once they 

have obtained a patent in that patent regime (pre- or post-reform) and zero otherwise. Firms 

will only become ‘treated’ after 1905, once they have an examined and granted patent. X is a 

vector of firm-level control variables that account for characteristics that may influence firms’ 

financing decisions, such as profitability and growth opportunities (ROA, ROE, Tobin’s Q), 

self-financing capacity (Reserves and Retained Earnings/Assets), size (Log Total Share Book 

Value), maturity (Retained Earnings/Ordinary Equity), and Age; δi is a firm fixed effect to 

 
26 With the caveat that there is an overlap between ‘filing’ and ‘grant’ groups because some firms that submit a 
patent application had it granted in the same year. Indeed, approximately 22% of our firms had their patent filed 
and granted in the same year. However, this should be consistent before and after the introduction of examination. 
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control for time-invariant heterogeneity across companies; tt is a year fixed effect to control for 

macroeconomic or other time variant factors; and εit is the error term.27 The subscript i indexes 

firms; and the subscript t indexes the time period. Parameter γ captures the relationship between 

patent examination and the financing decisions of patenting firms (with examined patents) 

relative to non-patenting firms, controlling for time, and firm-level characteristics. Regressions 

are run with and without standard errors clustered at the firm level. 

An important identification assumption for the difference-in-differences estimates to be 

consistent is that absent treatment, the change in the total debt-to-assets ratio for treated firms 

would not have been different than the change in the same ratio for control firms. Figure 3 

shows the trend of the average level of total debt-to-assets and total bond debt-to-total-assets 

for patenting and non-patenting firms, before and after patent examination was introduced in 

1905. This figure suggests that before patent examination, particularly for bond debt, the debt-

to-assets ratio followed a similar trend for both patenting and non-patenting firms. Following 

patent examination, the debt level of non-patenting firms remains quite constant, however there 

is a clear upward shift in the debt levels of firms that patent in the new examination regime. As 

discussed in Section 3.2, patenting firms’ average debt-to-assets ratio increased from 0.25 pre-

reform, to 0.28 post-reform. Tests of the pre-reform period show no statistically significant 

difference between the trend in total debt-to-assets ratio of patenting and non-patenting firms 

before patent examination, suggesting that trends for both groups are statistically parallel 

before 1905 (Appendix Table A3). Tests are consistent when using either the date of patent 

application or the date of patent granting.  

[INSERT FIGURE 3 HERE]  

[INSERT TABLE 6 HERE] 

Table 6 reports results from the main baseline difference-in-differences panel 

regressions on the total debt-to-total assets ratio of all firms, from 1899–1913. Our interaction 

term in column 1 (‘Examination Effect’) shows that firms patenting after 1905 have a 0.022 

higher total debt-to-total assets ratio. In other words, firms that have an examined patent borrow 

significantly more compared to the pre-reform period and firms that did not patent. Columns 

2-8 report our findings are consistent and robust to controlling for various firm characteristics 

that may also explain differences in borrowing. The estimated effect of an examined patent 

increases between 0.024 and 0.027, and is significant at both the 5 and 1 per cent level. 

 
27 A full list of the variables used in our analysis is reported in Appendix Table A2. This table includes precise 
variable definitions, and indicates the historical sources used in their construction. 
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Compared to a pre-reform average total debt-to-total assets ratio of 0.25 for patenting firms, 

this represents a relative increase in leverage of between 9.6 and 10.8 per cent following the 

grant of an examined patent. It is interesting to note that there is no significant relationship 

individually between patenting firms, or the post-1905 period, and the total debt ratio.  

Consistent with what we would expect, columns 2 to 8 suggest that more profitable 

firms borrow less, firms with greater reserves and retained earnings relative to their size borrow 

less, and larger firms borrow less. Firm age does not have a significant effect on borrowing, all 

else constant. Column 4 shows that firms patenting in 1903–1904 – that is, after the new 

examination regime is announced in the 1902 Act, but before it is implemented – do not borrow 

more. This suggests that patent examination itself, rather than anticipation of a new 

examination regime, is the key factor.  

4.3 Debt breakdown difference-in-difference regression results 
Firms in our study window accessed debt through capital markets (which tends to be longer 

maturity credit), bank lending (which is relationship-based and often shorter term), or using 

trade credit (which is short-term business-to-business borrowing). To investigate whether the 

average differences in source of credit observed in sections 3 and 4.1 are robust, we analyse 

bond debt (debt raised on capital markets) and non-bond debt (other debt) separately.  

[INSERT TABLE 7 HERE] 

[INSERT TABLE 8 HERE] 

[INSERT TABLE 9 HERE] 

Table 7 reports results from difference-in-differences panel regressions on the total 

bond debt-to-total assets ratio of all firms, and Table 8 the total other (non-bond) debt-to-total 

assets ratio of all firms, for 1899–1913. Table 7 suggests that patenting firms tend to borrow 

significantly less from capital markets, all else constant. However, the interaction term 

confirms that firms that patent in the new examination regime borrow more from capital 

markets, with a higher bond debt-to-total assets ratio in the range of 0.029 to 0.031. The average 

listed patenting firm borrowed 16.09 per cent of total assets on capital markets before patent 

examination was introduced in 1905 (Table 5). The results in Table 7 therefore suggest that 

having an examined patent is associated with an 18.0 to 19.3 per cent increase in capital market 

borrowing for these firms. In contrast, regressions on the ratio of all other debt in Table 8 

suggest that there is no significant relationship between having examined patents and access to 

non-capital-market debt. 
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Table 9 splits ‘other borrowing’ further into ‘bank borrowing’ and ‘trade credit’. The 

data show that there is no significant change in trade credit associated with companies which 

have examined patents (Panel B), however there is a negative relationship associated with 

examined patents and bank borrowing (Panel A). This apparent negative relationship with bank 

borrowing is driven by a divergence between patenting and non-patenting firms. Non-patenting 

firms borrow relatively more from banks and patenting firms relatively less, following the 

introduction of examination (see Table 5). However, the levels of bank borrowing are very 

small, at around 3 per cent of total borrowing for patenting firms, and between 3 and 5 per cent 

for non-patenting firms.28  

These results are consistent with the hypothesis that examined patents can act as a 

signalling device, through which the underlying value of an innovative firm is revealed to wider 

market participants. This reduces information asymmetries and enables greater access to capital 

market debt financing for patenting firms. These results suggest that an examined patent’s 

value is not just the collateral derived from this exclusionary property right, which patentees 

enjoyed before examination, but also as a signal of the value of underlying innovation.  

We propose two explanations for the fact that we see a negative relationship between 

firms in possession of examined patents and their rate of bank borrowing. First, it is possible 

that relationship-based banking may mean that banks were already more aware than other 

market participants of the innovative prospects of firms, which meant that their capacity for 

further bank borrowing was limited. For capital market creditors, patent examination may 

effectively act as a substitute to the relationship-based information banks enjoy (Saidi and 

Žaldokas, 2017). Additionally, innovative firms may prefer capital market debt, which is 

typically more arm’s length, of larger scale, and longer term. We suggest that examined patents 

enabled firms to more easily pursue capital market financing options, which they preferred to 

using banks. 

[INSERT TABLE 10 HERE] 

Table 10 column 1 examines whether there is a relationship between having an 

examined patent and the cost of capital market debt. The dependent variable is the weighted 

average cost of debt measured by the weighted average coupon payments on a firm’s issued 

bonds. We find there is no significant relationship between having an examined patent and the 

cost of debt capital in our dataset. This is likely because debenture holders in the UK in this 

 
28 This is consistent with studies showing that banks were not an important source of finance for firms in this 
period (Collins and Baker, 2001; 2003).  
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period very rarely lost money due to default. Debentures were secured by all present and future 

assets of a firm and holders ranked ahead of all other creditors, meaning that firms with 

successful debt issues tended to borrow at relatively similar rates (Coyle and Turner, 2013). 

Interestingly, Table 10 columns 2 and 3 report a negative relationship between holding 

examined patents and a firm’s ratio of capital raised though common and preference shares. 

This suggests firms with an examined patent specifically raised additional capital through debt 

markets in preference to equity – much as pecking order theory would predict. 

The positive relationship between firms with examined patents and the ratio of debt to 

assets, and the negative relationship with the ratio of equity, raises the question of whether 

additional access to debt markets led innovative firms to adjust their capital structure by 

switching from equity to debt, or whether it was enabling overall firm growth. If examined 

patents were indeed a better signal of innovation quality, and facilitated greater funding of this 

innovation, we would expect that firm growth would follow. Table 11 examines whether there 

is a relationship between having an examined patent and firm size, measured by the log of total 

assets. Columns 2 to 5 control for various firm characteristics, including total issued equity in 

column 5. We can see that there is no significant relationship between the examination period 

and firm size, and a weak negative relationship between patenting and firm size. However, 

firms with examined patents are significantly larger, suggesting that additional debt facilitated 

the growth of innovative firms, rather than just a restructuring of capital. 

[INSERT TABLE 11 HERE] 

4.4 Further robustness exercises 
To further test the robustness of our results, we examine the data using several alternative 

specifications. First, in Appendix Table A4 we analyse the data using a pooled regression. This 

also enables us to test the effect of additional dummy variable covariates. It is possible that 

firms that were family controlled may have had a different attitude to firm financing than those 

that were not. It is also possible that firms located in London and closer to primary capital 

markets may have had easier access to debt financing than firms that were not. The patenting 

firms in our dataset come from the Commercial & Industrial and the Iron, Coal and Steel 

categories used by the London Stock Exchange to classify its listings; the changes in debt ratios 

that we see could be industry driven. It is plausible our principal finding – that patenting firms 

borrow relatively more after the introduction of patent examination – could be driven by 

changes within these additional firm characteristics.  
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Results in Appendix Table A4 show either no relationship, or a limited significant 

relationship, between family controlled or London based firms and debt-to-asset ratios. Firms 

in the Iron, Coal and Steel sector do borrow significantly more relative to assets than other 

firms in the dataset. After controlling for these covariates our main results remain; following 

the introduction of patent examination, firms with examined patents borrow significantly more, 

and significantly more from capital markets, than those that do not.  

Second, we explore whether our results are biased by the characteristics of our 

randomly selected control group of non-patenting firms. We use matching and rebalancing to 

ensure that any differences in total debt-to-total asset outcomes are attributable to the treatment 

(examined patent), rather than any underlying difference in characteristics between our control 

sample and patenting group. We additionally adopt a stronger definition of the control group 

that excludes non-patenting firms from the first period that become patenting for the first time 

in the post-reform period, and firms that patent before examination but not after. Results for 

these regressions are reported in Appendix Table A5.  

Column 1 of Appendix Table A5 reports results following a propensity score matching 

(PSM) procedure. Propensity scores were estimated using a logistic regression model where 

matching was based on firm profitability (ROA), self-financing ability (Total Reserves/Total 

Assets) and size (the natural logarithm of Summed Equity), controlling for each year, prior to 

the introduction of patent examination. Using the estimated propensity scores, nearest-

neighbour matching, with one match per treated unit, was applied to generate the matched 

sample. The coefficient on the interaction term in Appendix Table A5 is highly consistent with 

our earlier results. 

Column 2 reports results following an entropy balancing (EB) procedure. Entropy 

balancing reweights the control group so that the covariates have the same distribution as in 

the treated group. This ensures that the control group is comparable to the treated group in 

terms of pre-treatment characteristics. The control sample was balanced based on firm 

profitability (ROA), self-financing ability (Total Reserves/Total Assets) and size (the natural 

logarithm of Issued Share Capital) each year prior to the introduction of patent examination. 

The coefficient on the interaction term in Appendix Table A5 is again highly consistent with 

our earlier results. 

Column 3 reports results of a regression where the control group constitutes only those 

firms that never patented in either the pre- or post-reform period. Focusing on “never-

innovative” firms allows us to exclude firms that change their patenting strategy to coincide 

with the new examination system. Results are consistent with our main analysis. 
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Third, we rerun our headline regressions using an alternative measure of firm 

profitability: Return on Equity (ROE). This is calculated by dividing net profit by the book 

value of the total issued share capital. This measure better reflects returns to equity holders, 

whose stakes are most directly impacted by leverage decisions.29 Results are reported in 

Appendix Table A6. They are generally consistent with the results in our main analysis. 

Finally, we replicate key results from the paper’s main analysis using patent filing date 

rather than grant date in judging whether a firm was affected by the new patent examination 

regime. This exercise is conducted to account for patents that were filed before the January 

1905 regime change but granted in the new regime. Essentially, it constitutes a stricter 

definition of the regime change timing. These results are reported in Appendix Table A7 and 

show effects of a very similar scale, direction and significance to our main analysis.  

5. Conclusion 
Access to credit is a significant barrier inhibiting the growth of innovative firms and the pace 

of innovation. This paper examines whether the design of the patent system can improve access 

to credit for innovative firms. Exploiting the introduction of prior art search patent examination 

in the UK in 1905, we find that patenting firms had greater access to debt finance after patents 

underwent examination. Appendix Table A8 summarises our key insights along several 

dimensions by contrasting the pre- versus post-reform equilibria.  

Specifically, our results show that firms with examined patents benefitted from greater 

access to capital market borrowing, rather than other sources such as bank loans or trade credit. 

By raising the average quality of patent grants through the screening out of low-quality 

applications, patent examination enhanced the value of patents as tangible assets that embody 

otherwise intangible knowledge capital. This screening process not only strengthens the signal 

of a firm’s innovation potential to investors, but also increases the reliability of patents as 

collateral. In the event of a firm bankruptcy, patent rights can be appropriated to recoup 

potential losses, thus reducing exposure to the risks associated with investing in innovative 

firms. This dual function of patents—as both signals of innovation quality and tangible assets—

underscores the broader economic role of rigorous patent examination. 

Our findings suggest that examined patents facilitate innovative firms’ strategic use of 

debt financing, particularly from capital markets, over alternative sources such as equity or 

bank loans. This shift toward debt financing aligns with the pecking order theory, as firms seek 

 
29 ROE will also reduce potential measurement error from any potential inaccuracies in reported assets in balance 
sheets (following Aldous et al., 2023). 
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to minimise the costs associated with relinquishing ownership or control rights. Importantly, 

the increased borrowing observed among patenting firms is associated with firm expansion, 

suggesting that patent examination enabled innovative firms to scale and capitalise on their 

inventions. 

While increased borrowing and growth are encouraging signs of investment in 

innovative opportunities, they also bring heightened financial risk. Firms with higher debt 

levels may face greater vulnerability to economic downturns, particularly if their patented 

inventions fail to generate the anticipated revenue. A longer-term evaluation of the financial 

performance and resilience of these firms would be an interesting direction for future research. 

Finally, it is important to consider the broader institutional context when considering 

the wider applicability of our findings. During our sample period, the UK had well-developed 

corporate debt markets that enabled both new and established firms to raise funds through 

debentures. This environment likely amplified the benefits of patent examination. In modern 

contexts, where corporate bond markets may be less accessible, the potential advantages of 

rigorous patent examination may not fully materialise without complementary market 

structures to connect innovative firms with potential lenders. These findings underscore the 

importance of aligning patent system design with financial market infrastructure and other 

components of the national innovation system to unlock the growth potential of innovative 

firms. 

References 
Acemoglu, D., and J. Robinson (2012). Why Nations Fail: The Origins of Power, Prosperity, and Poverty. New 

York, NY: Crown Publishers. 

Acheson, G., C. Coyle, and J. D. Turner (2016). Happy hour followed by hangover: Financing the UK brewery 

industry, 1880-1913. Business History 58(5), 725–751. 

Adams, S. (2007). Centenary of the enactment of the United Kingdom’s Patents and Designs Act 1907. World 

Patent Information 29(4), 363–368. 

Aldous, M., P.T. Fliers, and J.D. Turner (2023). Was Marshall right? Managerial failure and corporate ownership 

in Edwardian Britain. The Journal of Economic History 83(1), 131–165. 

Allison, J., and S. Hunter (2006). On the feasibility of improving patent quality one technology at a time: The case 

of business methods. Berkeley Technology Law Journal 27(2), 729–779. 

Atal, V., and T. Bar (2014). Patent quality and a two-tiered patent system. The Journal of Industrial Economics 

62(3), 503–540. 

Ayerbe, C., J. Azzam, S. Boussetta, and J. Pénin (2023). Revisiting the consequences of loans secured by patents 

on technological firms’ intellectual property and innovation strategies. Research Policy 52(8), art. no. 

104824. 



 

23 

Babina, T., A. Bernstein, and F. Mezzanotti (2023). Financial disruptions and the organization of innovation: 

Evidence from the Great Depression. The Review of Financial Studies 36(11), 4271–4317. 

Bakker, G. (2013). Money for nothing: how firms have financed R&D-projects since the Industrial Revolution. 

Research Policy 42(10), 1793–1814. 

Baum, J.A.C., and B.S. Silverman (2004). Picking winners or building them? Alliance, intellectual, and human 

capital as selection criteria in venture financing and performance of biotechnology startups. Journal of 

Business Venturing 19(3), 411–436. 

Besley, T., C. Miguel, and J. Van Reenen (2013). Investing for prosperity: Skills, infrastructure and innovation. 

National Institute Economic Review 224(1), 1–13. 

Billington, S.D., and A.J. Hanna (2021). That’s classified! Inventing a new patent taxonomy. Industrial and 

Corporate Change 30(3), 678–705. 

Billington, S.D., A.J. Hanna, and J. Lane (2024). What can we learn about patents and innovation from the past? 

The Economics Observatory (30 January). 

Brown, J.R., S.M. Fazzari, and B.C. Petersen (2009). Financing innovation and growth: Cash flow, external 

equity, and the 1990s R&D boom. The Journal of Finance 64(1), 151–185. 

Brown, J.R., G. Martinsson, and B.C. Petersen (2013). Law, stock markets, and innovation. The Journal of 

Finance 68(4), 1517–1549. 

Burhop, C. (2010). The transfer of patents in Imperial Germany. The Journal of Economic History 70(4), 921–

939. 

Caillaud, B., and A. Duchêne (2011). Patent office in innovation policy: Nobody's perfect. International Journal 

of Industrial Organization 29(2), 242–252. 

Castaldi, C., E. Giuliani, M. Kyle, and A. Nuvolari (2024). Are intellectual property rights working for society? 

Research Policy 53, art. no. 104936. 

Conti, A., M. Thursby, and F.T. Rothaermel (2013). Show me the right stuff: Signals for high-tech startups. 

Journal of Economics & Management Strategy 22(2), 341–364. 

Collins, M., and M. Baker (2001). Sectoral differences in English bank asset structures and the impact of mergers, 

1860–1913. Business History 43(4), 1–28. 

Collins, M., and M. Baker (2003). Commercial Banks and Industrial Finance in England and Wales, 1860–1913. 

Oxford: Oxford University Press. 

Coyle, C., A. Musacchio, and J.D. Turner, (2019). Law and finance in Britain c. 1900. Financial History Review 

26(3), 267–293. 

Coyle, C., and J.D. Turner (2013). Law, politics, and financial development: The great reversal of the UK 

corporate debt market. The Journal of Economic History 73(3), 810–846. 

de Rassenfosse, G., and T. Fischer (2016). Venture debt financing: Determinants of the lending decision. Strategic 

Entrepreneurship Journal 10(3), 235–256. 

de Rassenfosse, G., W.E. Griffiths, A.B. Jaffe, and E. Webster (2021). Low-quality patents in the eye of the 

beholder: Evidence from multiple examiners. The Journal of Law, Economics, and Organization 37(3), 

607–636. 

de Saint-Georges, M., and B. van Pottelsberghe de la Potterie (2013). A quality index for patent systems. Research 

Policy 42, 704–719. 



 

24 

Donges, A., J.-M. Meier, and R.C. Silva (2023). The impact of institutions on innovation. Management Science 

69(4), 1951–1974. 

Edquist, C., and B. Johnson (1997). Institutions and organizations in systems of innovation. In: C. Edquist (ed.), 

Systems of Innovation: Technologies, Institutions, and Organizations (pp. 41–63). Abingdon: Routledge. 

Encaoua, D., D. Guellec, and C. Martínez (2006). Patent systems for encouraging innovation: Lessons from 

economic analysis. Research Policy 35(9), 1423–1440. 

Ertugrul, M., K. Krishnan, B. Xu, and Q. Yu (2024). Corporate patenting, customer capital, and financial market 

outcomes. Journal of Financial and Quantitative Analysis 59(5), 2425–2458. 

Fjesme, S., N. Galpin, and L. Moore (2019). An efficient market? Going public in London, 1891–1911. The 

Economic History Review 72(3), 1008–1027.  

Gill, A., and D. Heller (2024). Leveraging intellectual property: The value of harmonized enforcement regimes. 

Journal of Banking & Finance 163, art. no. 107169. 

Graham, S.J.H., B.H. Hall, D. Harhoff, and D.C. Mowery (2003). Patent quality control: A comparison of U.S. 

patent re-examinations and European patent oppositions. In: W.M. Cohen and S.A. Merrill (eds.), Patents 

in the Knowledge-Based Economy (pp. 17–53). Washington, DC: The National Academies Press. 

Farre-Mensa, J., D. Hegde, and A. Ljungqvist (2020). What is a patent worth? Evidence from the U.S. patent 

“lottery”. The Journal of Finance 75(2), 639–682. 

Fischer, T., and P. Ringler (2014). What patents are used as collateral? An empirical analysis of patent 

reassignment data. Journal of Business Venturing 29(5), 633–650. 

Haeussler, C., D. Harhoff, and E. Mueller (2014). How patenting informs VC investors – The case of 

biotechnology. Research Policy 43(8), 1286–1298. 

Hall, B.H. (2002). The financing of research and development. Oxford Review of Economic Policy 18(1), 35–51. 

Hall, B.H. (2009a). Business and financial method patents, innovation and policy. Scottish Journal of Political 

Economy 56(4), 443–473. 

Hall, B.H. (2009b). The financing of innovation. European Investment Bank Papers 14(2), 1–23. 

Hall, B.H. (2019). Is there a role for patents in the financing of new innovative firms? Industrial and Corporate 

Change 28(3), 657–680. 

Hall, B.H., and C. Helmers (2024). The Economics of Innovation and Intellectual Property. New York: Oxford 

University Press. 

Hall, B.H., and J. Lerner (2010). The financing of R&D and innovation. In: B.H. Hall and N. Rosenberg (eds.), 

Handbook of the Economics of Innovation (pp. 609–639). Amsterdam: Elsevier/North Holland. 

Hannah, L. (2015). A global corporate census: Publicly traded and close companies in 1910. The Economic 

History Review 68(2), 548–573. 

Harhoff, D. (2009). The role of patents and licenses in securing external finance for innovation. European 

Investment Bank Papers 14(2), 75–97. 

Harhoff, D. (2016). Patent quality and examination in Europe. American Economic Review: Papers & 

Proceedings 106(5), 193–197. 

Hegde, D., A. Ljungqvist, and M. Raj (2022). Quick or broad patents? Evidence from U.S. startups. The Review 

of Financial Studies 35(6), 2705–2742. 

Hochberg, Y.V., C.J. Serrano, and R.H. Ziedonis (2018). Patent collateral, investor commitment, and the market 

for venture lending. The Journal of Financial Economics 130(1), 74–94. 



 

25 

Hottenrott, H., B.H. Hall, and D. Czarnitzki (2017). Patents as quality signals? The implications for financing 

constraints on R&D. Economics of Innovation and New Technology 25(3), 197–217. 

Hsu, D.H., and R.H. Ziedonis (2013). Resources as dual sources of advantage: Implications for valuing 

entrepreneurial-firm patents. Strategic Management Journal 34(7), 761–781. 

Janeway, W.H. (2012). Doing Capitalism in the Innovation Economy: Markets, Speculation and the State. 

Cambridge: Cambridge University Press. 

Kay, J. (2012). The Kay Review of UK Equity Markets and Long-Term Decision Making. Final Report (URN 

12/917). 

Kim, Y.K., and J.B. Oh (2017). Examination workloads, grant decision bias and examination quality of patent 

office. Research Policy 46(5), 1005–1019. 

Kou, Z., P. Rey, and T. Wang (2013). Non-obviousness and screening. Journal of Industrial Economics 61(3), 

700–732. 

Kraus, A., and R.H. Litzenberger (1973). A state-preference model of optimal financial leverage. The Journal of 

Finance 28(4), 911–922. 

Langinier, C., and P. Marcoul (2016). The search of prior art and the revelation of information by patent applicants. 

Review of Industrial Organization 49(3), 399–427. 

Lanjouw, J.O., and M. Schankerman (2004). Patent quality and research productivity: Measuring innovation with 

multiple indicators. The Economic Journal 114(495), 441–465. 

Lehmann-Hasemeyer, S., and J. Streb (2016). The Berlin stock exchange in Imperial Germany – A market for 

new technology? American Economic Review 106(11), 3558–3576. 

Lemley, M.A., and B. Sampat (2012). Examiner characteristics and patent office outcomes. The Review of 

Economics and Statistics 94(3), 817–827. 

Lemley, M.A., and C. Shapiro (2005). Probabilistic patents. Journal of Economic Perspectives 19(2), 75–98. 

Liu, L. (2024). Patent quality: A critique of the state of the discussion. IIC – International Review of Intellectual 

Property and Competition Law 55, 499–529. 

Long, C. (2002). Patent signals. University of Chicago Law Review 69(2), 625–679. 

Mann, W. (2018). Creditor rights and innovation: Evidence from patent collateral. The Journal of Financial 

Economics 130(1), 25–47. 

MacLeod, C., J. Tann, J. Andrew, and J. Stein (2003). Evaluating inventive activity: The cost of nineteenth‐century 

UK patents and the fallibility of renewal data. The Economic History Review 56(3), 537–562. 

MacLeod, C., and A. Nuvolari (2016). Inventive activities, patents and early industrialisation: A synthesis of 

research issues. Rivista di Storia Economica 32(1), 77–108. 

Mansfield, E., M. Schwartz, and W. Samuel (1981). Imitation costs and patents: An empirical study. The 

Economic Journal 91(364), 907–918. 

Myers, S.C., and N.S. Majluf (1984). Corporate financing and investment decisions when firms have information 

that investors do not have. The Journal of Financial Economics 13(2), 187–221. 

Modigliani, F., and M.H. Miller (1963). Corporate income taxes and the cost of capital: A correction. The 

American Economic Review 53(3), 433–443. 

Moser, P. (2013). Patents and innovation: Evidence from economic history. Journal of Economic Perspectives 

27(1), 23–44.  



 

26 

Nanda, R., and T. Nicholas (2014). Did bank distress stifle innovation during the Great Depression? Journal of 

Financial Economics 114(2), 273–292. 

Nanda, R., and M. Rhodes-Kropf (2016). Financing entrepreneurial experimentation. Innovation Policy and the 

Economy 16(1), 1–23. 

Nicholas, T. (2011a). What drives innovation? Antitrust Law Review 77(3), 787–809. 

Nicholas, T. (2011b). Cheaper patents. Research Policy 40(2), 325–339. 

Picard, P.M., and B. van Pottelsberghe de la Potterie (2013). Patent office governance and patent examination 

quality. Journal of Public Economics 104, 14–25. 

Saidi, F., and A. Žaldokas (2020). How does firms’ innovation disclosure affect their banking relationships? 

Management Science 67(2), 742–768. 

Sampat, B.N. (2010). When do applicants search for prior art? The Journal of Law & Economics 53(2), 399–416. 

Schankerman, M., and F. Schuett (2022). Patent screening, innovation, and welfare. The Review of Economic 

Studies 89(4), 2101–2148. 

Scotchmer, S. (2004). Innovation and Incentives. Cambridge, MA: MIT Press. 

Shu, T., X. Tian, and X. Zhan (2022). Patent quality, firm value, and investor underreaction: Evidence from patent 

examiner busyness. The Journal of Financial Economics 143(3), 1043–1069. 

Suh, P. (2023). Intellectual property rights and debt financing. The Review of Financial Studies 36(5), 1970–2003. 

Useche, D. (2014). Are patents signals for the IPO market? An EU–US comparison for the software industry. 

Research Policy 43(8), 1299–1311. 
 



 

27 

Tables 
 

Table 1. Summary statistics of all British patenting activity, 1899–1913  

Variable Pre-reform  Post-reform 
 Individuals Firms Sample Firms  Individuals Firms Sample Firms 
 (57,277) (3,107) (95)  (86,357) (7,189) (121)  

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
 

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
Patent stock 1.80 10.14 2.31 13.02 12.48 

(6.10) 
62.50 
(9.15) 

 1.95 7.36 2.91 15.26 20.64 
(12.58) 

89.93 
(17.55) 

Reference 4% 17% 8% 24% 15% 36%  9% 29% 9% 29% 19% 39% 
Void - - - - - -  0% 1% 0% 1% - - 
Not Granted 0% 1% 0% 3% - -  3% 16% 1% 11% 0% 4% 
Forward Citation 0.14 0.50 0.14 0.45 0.09 0.40  0.25 0.90 0.25 0.79 0.19 0.61 
Forced Reference - - - - - -  2% 15% 1% 10% 0% 4% 
 
Notes: ‘Pre-reform’ covers 1899–1904; ‘post-reform’ covers 1905–1913. ‘Individuals’ refers to patents held by a person, ‘Firms’ refers to patents held by any kind of commercial 
firm, and ‘Sample Firms’ refers to our population of patenting firms listed in the LSE. ‘Patent stock’ is the total number of patents held by each unique person or firm in the period 
in question. The numbers in the parentheses represent the patent stock when the ‘British Thomson-Houston’ company has been removed, as it is an outlier, having obtained over 
1,000 patents in our period of observation. ‘Reference’ is a crude measure of how many references each complete specification makes to other patents (e.g., ‘7%’ means that 7% 
of patents granted had at least one reference to another patent). ‘Void’ are the percentage of patents indicating the patent was void in the abstract text. ‘Not Granted’ refers to the 
percentage of patents where the sealing fee was listed as not paid in the abstract text. ‘Forward Citation’ is the average number of forward citations from future patents received 
by each patent. ‘Forced reference’ is the percentage of patents which contain a list of references to other specifications as appended by the Patent Office. 

Sources: Authors’ calculations using data from PATSTAT. 
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Table 2. Patenting statistics of listed patenting firms, 1899–1913  

Year Total Patents Granted  Total Citations 
 Mean Sum Max Min Count  Mean Sum Max Min Count 
1899 2.13 17 7 1 8  0.25 2 1 0 8 
1900 2.73 30 9 1 11  0.73 8 4 0 11 
1901 1.86 26 4 1 14  0.07 1 1 0 14 
1902 5.26 121 81 1 23  0.22 5 3 0 23 
1903 4.12 103 37 1 25  0.36 9 3 0 25 
1904 4.26 115 46 1 27  0.56 15 3 0 27 
1905 6.79 265 175 1 39  0.67 26 9 0 39 
1906 6.54 229 133 1 35  0.77 27 10 0 35 
1907 6.86 240 155 1 35  0.77 27 4 0 35 
1908 5.64 203 121 1 36  0.39 14 9 0 36 
1909 4.68 192 87 1 41  0.68 28 6 0 41 
1910 4.10 213 66 1 52  1.13 59 12 0 52 
1911 4.60 193 54 1 42  1.19 50 10 0 42 
1912 6.30 233 70 1 37  1.38 51 15 0 37 
1913 7.40 222 120 1 30  1.57 47 19 0 30 
Total 5.28 2,402 - - 455  0.81 369 - - 455 
 
Notes: Table reports both total patents granted, and the proportion of patents granted that received a citation in 
subsequent patent applications (forward citations from future inventions) for our sample of listed patenting firms. Mean, 
standard deviation, minimum, maximum and total number of firm-year observations are shown. 

Sources: Authors’ calculations using data from PATSTAT. 
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Table 3. Descriptive statistics of patenting and non-patenting firms (granted date)  
Panel A: Patenting firms 
Variable Pre-Reform (1899–1904)  Post-Reform (1905–1913) 
 N Mean Std. dev. Min Max  N Mean Std. dev. Min Max 
Total Assets 150 1,901,681 2,498,363 122,959 9,152,975  422 2,446,829 3,885,251 111,698 22,600,000 
Net Profit 150 94,853 136,633 -12,524 723,594  422 137,601 328,212 -152,132 3,028,278 
Retained Earnings 150 18,128 31,778 -49,762 191,074  422 38,605 84,728 -169,220 840,462 
Total Reserves 150 122,155 187,709 0.0 958,273  421 231,854 656,552 - 7,100,000 
Issued Share Capital 150 1,126,782 1,497,560 80,000 5,718,670  421 1,391,146 2,415,023 70,000 15,500,000 
            
Total Debt 150 548,934 845,140 1,262 3,383,415  422 691,042 1,079,207 - 8,658,410 
Other Debt 150 149,464 213,398 - 1,219,842  422 174,635 243,986 - 2,011,883 
Bond Debt 150 399,470 726,173 - 3,200,000  422 516,408 903,929 - 8,047,012 
Cash Total 150 69,580 134,359 - 815,662  422 92,649 147,533 - 1,184,712 
Total Debt/Total Assets 150 0.25 0.13 0.00 0.62  422 0.28 0.15 0.00 0.93 
            
Bond Debt/Total Assets 150 0.16 0.12 0.00 0.49  422 0.18 0.14 0.00 0.87 
Other Debt/Total Assets 150 0.09 0.07 0.00 0.31  422 0.10 0.08 0.00 0.55 
Bank Debt/Total Assets 150 0.01 0.02 0.00 0.13  422 0.01 0.02 0.00 0.19 
Trade Credit/Total Assets 150 0.08 0.06 0.00 0.31  422 0.09 0.07 0.00 0.53 
Maturity Ratio 145 0.03 0.06 -0.22 0.23  414 0.07 0.11 -0.32 0.94 
            
ROE 150 0.10 0.07 -0.03 0.46  421 0.09 0.08 -0.13 0.42 
ROA 150 0.06 0.04 -0.01 0.25  422 0.05 0.04 -0.06 0.24 
Tobin’s Q 150 0.92 0.46 0.31 4.70  419 1.01 3.90 0.00 75.38 
            
Age 150 12.95 9.65 2.00 40.00  422 16.73 11.33 1.00 59.00 
London HQ 150 0.49 0.50 0.00 1.00  422 0.40 0.49 0.00 1.00 
Family Controlled 150 0.41 0.49 0.00 1.00  422 0.44 0.50 0.00 1.00 
 
Continued overleaf… 
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Panel B: Non-patenting firms 
Variable Pre-Reform (1899–1904)  Post-Reform (1905–1913) 
 N Mean Std. dev. Min Max  N Mean Std. dev. Min Max 
Total Assets 767 887,108 1,231,543 54,743 14,700,000  1,170 969,268 1,344,650 76,243 19,900,000 
Net Profit 761 50,134 115,069 -57,150 2,339,787  1,161 52,504 140,691 -73,759 2,795,925 
Retained Earnings 759 8,698 26,432 -109,323 272,104  1,159 14,242 45,932 -187,729 836,234 
Total Reserves 756 54,945 119,977 - 1,650,000  1,147 90,239 258,118 - 5,400,000 
Issued Share Capital 767 537,055 701,737 39,930 5,852,240  1,165 565,605 778,703 50,000 10,000,000 
            
Total Debt 767 223,223 391,786 - 3,668,431  1,170 243,634 356,687 - 3,034,491 
Other Debt 767 62,796 90,568 - 945,673  1,170 81,819 110,389 - 942,805 
Debentures 767 160,428 344,150 - 3,200,000  1,170 161,815 293,436 - 2,250,000 
Cash Total 767 33,590 63,713 - 1,008,680  1,170 35,139 78,980 - 1,409,293 
Total Debt/Total Assets 767 0.24 0.16 0.00 0.66  1,170 0.24 0.16 0.00 0.78 
            
Bond Debt/Total Assets 767 0.15 0.15 0.00 0.60  1,170 0.15 0.15 0.00 0.61 
Other Debt/Total Assets 767 0.08 0.08 0.00 0.55  1,170 0.09 0.09 0.00 0.49 
Bank Debt/Total Assets 767 0.01 0.02 0.00 0.27  1,170 0.01 0.04 0.00 0.37 
Trade Credit/Total Assets 767 0.07 0.08 0.00 0.55  1,170 0.08 0.08 0.00 0.49 
Maturity Ratio 732 0.04 0.09 -0.42 0.92  1,121 0.06 0.18 -0.57 2.28 
            
ROE 761 0.09 0.10 -0.36 0.96  1,156 0.09 0.10 -0.12 1.50 
ROA 761 0.06 0.05 -0.29 0.49  1,161 0.05 0.05 -0.07 0.43 
Tobin’s Q 767 1.26 5.26 0.17 63.72  1,166 0.99 3.25 0.00 55.98 
            
Age 767 13.88 12.06 0.00 68.00  1,170 19.95 13.03 0.00 76.00 
London HQ 767 0.59 0.49 0.00 1.00  1,170 0.59 0.49 0.00 1.00 
Family Controlled 767 0.36 0.48 0.00 1.00  1,170 0.38 0.49 0.00 1.00 
            
Notes: This table shows the annual summary statistics of patenting and non-patenting firms before the introduction of patent examination (1899–1904) and after 
the introduction of patent examination in Britain in 1905 (1905–1913). ‘Pre-reform’, firms are only categorised as a ‘patenting’ firm once they have been granted 
an unexamined patent. ‘Post-reform’, firms are only categorised as a ‘patenting’ firm once they have been granted an examined patent. Mean, standard deviation, 
minimum, maximum and total number of firm-year observations are shown. See Appendix Table A2 for variable definitions and sources.  
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Table 4. Descriptive statistics of full sample, 1899–1913  

Variable N Mean Std. dev. Min Max 
Total Assets 2,509 1,248,413 2,134,057 54,743 22,600,000 
Net Profit 2,494 68,727 183,374 -152,132 3,028,278 
Retained Earnings 2,490 16,915 50,723 -187,729 840,462 
Total Reserves 2,474 105,488 337,971 0 7,100,000 
Issued Share Capital 2,503 729,341 1,285,480 39,930 15,500,000 
      
Total Debt 2,509 330,898 613,098 0.00 8,658,410 
Other Debt 2,509 95,659 150,085 0.00 2,011,883 
Debentures 2,509 235,239 513,748 0.00 8,047,012 
Cash Total 2,509 46,397 96,824 0.00 1,409,293 
Total Debt/Total Assets 2,509 0.25 0.16 0.00 0.93 
      
Bond Debt/Total Assets 2,509 0.16 0.14 0.00 0.87 
Other Debt/Total Assets 2,509 0.09 0.08 0.00 0.55 
Bank Debt/Total Assets 2,509 0.01 0.03 0.00 0.37 
Trade Credit/Total Assets 2,509 0.08 0.07 0.00 0.55 
Maturity Ratio 2,412 0.05 0.14 -0.57 2.28 
      
ROE 2,488 0.09 0.09 -0.36 1.50 
ROA 2,494 0.05 0.05 -0.29 0.49 
Tobin’s Q 2,502 1.07 3.99 0.00 75.38 
      
Age 2,509 17.14 12.59 0 76 
London HQ 2,509 0.55 0.50 0 1 
Family Controlled 2,509 0.39 0.49 0 1 
 
Notes: This table shows the annual summary statistics of all firms in our dataset from 1899–1913. Mean, standard 
deviation, minimum, maximum and total number of firm-year observations are shown. See Appendix Table A2 for 
variable definitions and sources. 
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Table 5. Comparison of average debt ratios, pre- versus post-reform  
Panel A: Patent Grant Date 

Variable Pre-Reform Post-Reform Difference  N 
Total Debt/Total Assets      
Patenting Firms 0.2483 0.2767 0.0284 ** 572 
Non-Patenting Firms 0.2374 0.2441 0.0066  1,937 
      
Bond Debt/Total Assets      
Patenting Firms 0.1609 0.1784 0.0175 * 572 
Non-Patenting Firms 0.1540 0.1512 -0.0028  1,937 
      
Other Debt/Total Assets      
Patenting Firms 0.0874 0.0984 0.0109 * 572 
Non-Patenting Firms 0.0834 0.0929 0.0095 * 1,937 
      
Bank Debt/Total Assets      
Patenting Firms 0.0081 0.0068 -0.0012  572 
Non-Patenting Firms 0.0086 0.0130 0.0044 *** 1,937 
      
Trade Credit/Total Assets      
Patenting Firms 0.0788 0.0914 0.0125 ** 572 
Non-Patenting Firms 0.0731 0.0783 0.0043  1937 
      
Panel B: Patent Filing Date 

Variable Pre-Reform Post-Reform Difference  N 
Total Debt/Total Assets      
Patenting Firms 0.2399 0.2765 0.0365 *** 655 
Non-Patenting Firms 0.2390 0.2431 0.0041  1,854 
      
Bond Debt/Total Assets      
Patenting Firms 0.1534 0.1763 0.0229 ** 655 
Non-Patenting Firms 0.1556 0.1511 -0.0045  1,854 
      
Other Debt/Total Assets      
Patenting Firms 0.0865 0.1002 0.0136 ** 655 
Non-Patenting Firms 0.0835 0.0920 0.0085 ** 1,854 
      
Bank Debt/Total Assets      
Patenting Firms 0.0074 0.0082 0.0008  655 
Non-Patenting Firms 0.0088 0.0126 0.0038 *** 1,854 
      
Trade Credit/Total Assets      
Patenting Firms 0.0787 0.0918 0.0131 ** 655 
Non-Patenting Firms 0.0737 0.0777 0.0040  1,854 
 
Notes: This table compares the average debt to assets ratios for patenting and non-patenting firms before and 
after the introduction of patent examination in 1905. ‘Pre-reform’ is the average debt to assets ratio for firms 
from 1899–1904. ‘Post-reform’ is the average debt to assets ratio for firms from 1905–1913. ‘Bond Debt’ is 
the total corporate bond/debenture borrowing; ‘Other Debt’ is debt excluding corporate bond borrowing; ‘Bank 
Debt’ is all bank borrowing; and ‘Trade Credit’ is all borrowing/credit from trade. Panel A uses the date a firm 
submits a patent application to identify a patenting firm. Panel B uses the date a patent is granted to identify a 
patenting firm. See Appendix Table A2 for variable definitions and sources. Significance of difference of means 
tests are indicated as *** p<0.01, ** p<0.05, * p<0.1.  
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Table 6. Effect of patent examination on access to total debt 
Variable (1) (2) (3) (4) (5) (6) (7) (8) 
Patenting Firm 0.001 0.035 0.035 0.035 0.013 0.013 0.030 0.021  

(0.012) (0.099) (0.091) (0.099) (0.101) (0.092) (0.100) (0.100) 
Examination Years -0.008 -0.008 -0.008 0.006 -0.009 -0.009 -0.010 -0.010  

(0.009) (0.008) (0.007) (0.014) (0.008) (0.007) (0.008) (0.008) 
Examination Effect 0.022* 0.024** 0.024*** 0.024* 0.024** 0.024*** 0.024** 0.027**  

(0.012) (0.011) (0.007) (0.013) (0.011) (0.007) (0.011) (0.011) 
Anticipation Patenting 

   
-0.015 

  
      

(0.015) 
  

  
Anticipation Years 

   
0.006 

  
      

(0.038) 
  

  
Anticipation Effect 

   
-0.004 

  
      

(0.013) 
  

  
ROA 

 
-0.393*** -0.393*** -0.393*** -0.433*** -0.433*** -0.429*** -0.318***   

(0.070) (0.047) (0.070) (0.069) (0.050) (0.069) (0.065) 
Total Reserves/Total Assets 

 
-0.466*** -0.466*** -0.464*** -0.459*** -0.459*** -0.461***    

(0.070) (0.034) (0.070) (0.072) (0.035) (0.072)  
(Total Reserves + Retained 
Earnings)/Total Assets 

      
 -0.390***       
 (0.066) 

Age 
 

-0.000 -0.000 -0.000 0.001 0.001 -0.000 0.001   
(0.007) (0.007) (0.007) (0.008) (0.007) (0.008) (0.008) 

ln (Issued Share Capital) 
 

-0.084*** -0.084*** -0.084*** -0.091*** -0.091*** -0.095*** -0.086***   
(0.021) (0.009) (0.021) (0.021) (0.009) (0.022) (0.022) 

Maturity Ratio 
    

0.036 0.036 0.032       
(0.039) (0.026) (0.039)  

Tobin’s Q       0.000         
(0.000)  

Constant 0.254*** 1.381*** 1.381*** 1.379*** 1.452*** 1.452*** 1.521*** 1.384***  
(0.008) (0.275) (0.135) (0.278) (0.278) (0.138) (0.285) (0.288)        

  
Observations 2,509 2,469 2,469 2,469 2,391 2,391 2,386 2,467 
R-squared 0.028 0.143 0.143 0.144 0.150 0.150 0.153 0.129 
Number of Firms 295 293 293 293 287 287 287 292 
Year FE YES YES YES YES YES YES YES YES 
Firm FE YES YES YES YES YES YES YES YES 
Clustered SE YES YES NO YES YES NO YES YES 

 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of patent 
examination on patenting firms’ debt financing. The dependent variable is Total Debt/Total Assets. ‘Patenting Firm’ is a 
dummy variable which =1 in years once a firm has obtained a granted unexamined patent before 1905, and/or a granted 
examined patent from 1905 onwards. ‘Examination Years’ is a dummy variable that =1 from 1905 onwards, identifying the 
new patent examination regime. ‘Anticipation Effect’ is an interaction to test any additional anticipatory effect of patenting 
after the announcement of patent examination legislation, but before its implementation in 1905 (i.e., covering 1903 and 
1904). See Appendix Table A2 for variable definitions and sources. (Clustered) robust standard errors (at the firm level) in 
parentheses; *** p<0.01, ** p<0.05, * p<0.1. 
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Table 7. Effect of patent examination on access to capital market (bond) debt  
Variable (1) (2) (3) (4) (5) (6) 
Patenting Firm -0.017* -0.017** -0.017*** -0.017* -0.017*** -0.018**  

(0.009) (0.008) (0.006) (0.009) (0.006) (0.009) 
Examination Years -0.009 0.008 0.008 0.002 0.002 -0.001  

(0.010) (0.074) (0.071) (0.077) (0.073) (0.076) 
Examination Effect 0.029** 0.031*** 0.031*** 0.030** 0.030*** 0.033***  

(0.013) (0.012) (0.005) (0.012) (0.005) (0.012) 
ROA 

 
-0.274*** -0.274*** -0.287*** -0.287*** -0.228***   

(0.056) (0.037) (0.060) (0.039) (0.052) 
Total Reserves/Total Assets 

 
-0.285*** -0.285*** -0.270*** -0.270***    

(0.059) (0.027) (0.059) (0.027)  
(Total Reserves + Retained 
Earnings)/Total Assets 

     
-0.237***      

(0.055) 
Age 

 
0.000 0.000 0.001 0.001 0.001   

(0.006) (0.005) (0.006) (0.005) (0.006) 
ln (Issued Share Capital) 

 
-0.065*** -0.065*** -0.070*** -0.070*** -0.066***   

(0.022) (0.007) (0.023) (0.007) (0.022) 
Maturity Ratio 

   
0.020 0.020      

(0.038) (0.021)  
Constant 0.161*** 1.020*** 1.020*** 1.084*** 1.084*** 1.021***  

(0.008) (0.281) (0.106) (0.289) (0.108) (0.288)       
 

Observations 2,509 2,469 2,469 2,391 2,391 2,467 
R-squared 0.022 0.109 0.109 0.110 0.110 0.099 
Number of Firms 295 293 293 287 287 292 
Year FE YES YES YES YES YES YES 
Firm FE YES YES YES YES YES YES 
Clustered SE YES YES NO YES NO YES 

 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of patent 
examination on patenting firms’ debt financing. The dependent variable is Bond Debt/Total Assets. ‘Patenting Firm’ is a 
dummy variable which =1 in years once a firm has obtained a granted unexamined patent before 1905, and/or a granted 
examined patent from 1905 onwards. ‘Examination Years’ is a dummy variable that =1 from 1905 onwards, identifying 
the new patent examination regime. See Appendix Table A2 for variable definitions and sources. (Clustered) robust 
standard errors (at the firm level) in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 
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Table 8. Effect of patent examination on access to non-capital market (other) debt  

Variable (1) (2) (3) (4) (5) (6) 
Patenting Firm 0.009 0.009 0.009* 0.008 0.008 0.008  

(0.005) (0.005) (0.005) (0.006) (0.006) (0.005) 
Examination Years 0.010 0.027 0.027 0.011 0.011 0.022  

(0.008) (0.072) (0.070) (0.072) (0.072) (0.071) 
Examination Effect -0.007 -0.007 -0.007 -0.006 -0.006 -0.006 
 (0.006) (0.006) (0.005) (0.006) (0.005) (0.006) 
ROA  -0.119** -0.119*** -0.146*** -0.146*** -0.090* 
  (0.051) (0.036) (0.054) (0.039) (0.048) 
Total Reserves/Total Assets  -0.181*** -0.181*** -0.189*** -0.189***  
  (0.051) (0.026) (0.053) (0.027)  
(Total Reserves + Retained 
Earnings)/Total Assets 

     -0.153*** 
     (0.046) 

Age  -0.000 -0.000 0.001 0.001 -0.000 
  (0.005) (0.005) (0.005) (0.005) (0.005) 
ln (Issued Share Capital)  -0.019 -0.019*** -0.021 -0.021*** -0.020 
  (0.012) (0.007) (0.013) (0.007) (0.012) 
Maturity Ratio    0.016 0.016  
    (0.024) (0.020)  
Constant 0.092*** 0.361** 0.361*** 0.368** 0.368*** 0.363** 
 (0.005) (0.163) (0.104) (0.170) (0.107) (0.165) 
       
Observations 2,509 2,469 2,469 2,391 2,391 2,467 
R-squared 0.023 0.049 0.049 0.053 0.053 0.045 
Number of Firms 295 293 293 287 287 292 
Time FE YES YES YES YES YES YES 
Firm FE YES YES YES YES YES YES 
Clustered SE YES YES NO YES NO YES 

 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of patent 
examination on patenting firms’ debt financing. The dependent variable is Non-Capital Market Debt/Total Assets. 
‘Patenting Firm’ is a dummy variable which =1 in years once a firm has obtained a granted unexamined patent before 
1905, and/or a granted examined patent from 1905 onwards. ‘Examination Years’ is a dummy variable that =1 from 
1905 onwards, identifying the new patent examination regime. See Appendix Table A2 for variable definitions and 
sources. (Clustered) robust standard errors (at the firm level) in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 
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Table 9. Effect of patent examination on access to bank debt, and trade credit  
Panel A: Bank debt 

Variable (1) (2) (3) (4) (5) (6) 
Patenting Firm 0.003* 0.003* 0.003 0.003* 0.003 0.003* 
 (0.002) (0.002) (0.003) (0.002) (0.003) (0.002) 
Examination Years 0.003 0.039 0.039 0.041 0.041 0.038 
 (0.006) (0.026) (0.040) (0.027) (0.041) (0.025) 
Examination Effect -0.007** -0.007** -0.007** -0.007** -0.007** -0.007** 
 (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) 
ROA  -0.069*** -0.069*** -0.067*** -0.067*** -0.060*** 
  (0.021) (0.020) (0.023) (0.022) (0.020) 
Total Reserves/Total Assets  -0.052** -0.052*** -0.053** -0.053***  
  (0.026) (0.015) (0.026) (0.015)  
(Total Reserves + Retained 
Earnings)/Total Assets 

     -0.047* 
     (0.024) 

Age  -0.002 -0.002 -0.003 -0.003 -0.002 
  (0.002) (0.003) (0.002) (0.003) (0.002) 
ln (Issued Share Capital)  -0.009 -0.009** -0.008 -0.008* -0.009 
  (0.007) (0.004) (0.007) (0.004) (0.007) 
Maturity Ratio    -0.006 -0.006  
    (0.012) (0.012)  
Constant 0.010*** 0.149* 0.149** 0.143 0.143** 0.151* 
 (0.004) (0.084) (0.059) (0.088) (0.061) (0.084) 
       
Observations 2,509 2,469 2,469 2,391 2,391 2,467 
R-squared 0.015 0.026 0.026 0.026 0.026 0.026 
Number of Firms 295 293 293 287 287 292 
Year FE YES YES YES YES YES YES 
Firm FE YES YES YES YES YES YES 
Clustered SE YES YES NO YES NO YES 

 
Continued overleaf… 

 
  



 

37 

Panel B: Trade credit 

Variable (7) (8) (9) (10) (11) (12) 
Patenting Firm 0.004 0.004 0.004 0.004 0.004 0.002 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.006) 
Examination Years 0.007 -0.022 -0.022 -0.041 -0.041 -0.011 
 (0.007) (0.064) (0.061) (0.065) (0.063) (0.009) 
Examination Effect 0.001 0.002 0.002 0.003 0.003 0.004 
 (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) 
ROA  -0.037 -0.037 -0.062 -0.062* -0.016 
  (0.045) (0.032) (0.047) (0.034) (0.042) 
Total Reserves/Total Assets  -0.135*** -0.135*** -0.143*** -0.143***  
  (0.037) (0.023) (0.039) (0.023)  
(Total Reserves + Retained 
Earnings)/Total Assets 

     -0.112*** 
     (0.034) 

Age  0.003 0.003 0.004 0.004 -0.011 
  (0.005) (0.005) (0.005) (0.005) (0.009) 
ln (Issued Share Capital)  -0.010 -0.010 -0.012 -0.012* -0.026 
  (0.009) (0.006) (0.009) (0.006) (0.064) 
Maturity Ratio    0.017 0.017 0.004 
    (0.020) (0.018) (0.005) 
Constant 0.081*** 0.194 0.194** 0.207* 0.207** 0.195 
 (0.004) (0.122) (0.091) (0.125) (0.093) (0.123) 
       
Observations 2,509 2,469 2,469 2,391 2,391 2,467 
R-squared 0.015 0.031 0.031 0.036 0.036 0.028 
Number of Firms 295 293 293 287 287 292 
Year FE YES YES YES YES YES YES 
Firm FE YES YES YES YES YES YES 
Clustered SE YES YES NO YES NO YES 

 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of patent 
examination on patenting firms’ debt financing. The dependent variable is Bank Debt/Total Assets in Panel A, and Trade 
Credit/Total Assets in Panel B. ‘Patenting Firm’ is a dummy variable which =1 in years once a firm has obtained a granted 
unexamined patent before 1905, and/or a granted examined patent from 1905 onwards. ‘Examination Years’ is a dummy 
variable that =1 from 1905 onwards, identifying the new patent examination regime. See Appendix Table A2 for variable 
definitions and sources. (Clustered) robust standard errors (at the firm level) in parentheses; *** p<0.01, ** p<0.05, * 
p<0.1. 
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Table 10. Effect of patent examination on the cost of debt, and on equity financing  

Variable (1) (2) (3)  
Weighted Average  

Debt Cost 
Total Common/ 

Total Assets 
Total Preference/ 

Total Assets 
Patenting Firm 0.033 0.002 0.011*  

(0.053) (0.006) (0.006) 
Examination Years -0.534 -0.009 0.059  

(0.814) (0.053) (0.054) 
Examination Effect 0.042 -0.013* -0.018**  

(0.030) (0.007) (0.008) 
ROA -0.494* -0.170*** -0.063  

(0.286) (0.064) (0.044) 
Total Reserves/Total Assets -0.044 -0.174*** -0.093* 

(0.457) (0.066) (0.052) 
Age 0.038 -0.002 -0.005  

(0.056) (0.004) (0.004) 
ln (Issued Share Capital) -0.134 0.063*** 0.048*  

(0.195) (0.023) (0.025) 
Constant 5.646** -0.378 -0.336  

(2.649) (0.298) (0.316)     

Observations 1,595 2,469 2,469 
R-squared 0.010 0.156 0.068 
Number of Firms 206 293 293 
Year FE YES YES YES 
Firm FE YES YES YES 
Clustered SE YES YES YES 
 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of 
patent examination on patenting firms’ debt financing. The dependent variable is the weighted average coupon 
payments on a firm’s issued bonds in column (1); Total Common Share Capital/Total Assets in column (2); and 
Total Preference Share Capital/Total Assets in column (3). ‘Patenting Firm’ is a dummy variable which =1 in 
years once a firm has obtained a granted unexamined patent before 1905, and/or a granted examined patent from 
1905 onwards. ‘Examination Years’ is a dummy variable that =1 from 1905 onwards, identifying the new patent 
examination regime. See Appendix Table A2 for variable definitions and sources. Clustered robust standard errors 
(at the firm level) in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 
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Table 11. Effect of patent examination on firm size 
Variable (1) (2) (3) (4) (5) 
Patenting Firm -0.041* -0.042* -0.037 -0.046* -0.029* 
 (0.022) (0.023) (0.025) (0.026) (0.015) 
Examination Years 0.226*** -0.193 -0.223 -0.185 -0.121 
 (0.037) (0.149) (0.154) (0.158) (0.105) 
Examination Effect 0.098*** 0.103*** 0.106*** 0.113*** 0.067*** 
 (0.031) (0.031) (0.032) (0.033) (0.018) 
ROA  0.005 0.145 -0.042 0.233* 
  (0.212) (0.166) (0.204) (0.120) 
Total Reserves/Total Assets  0.202    
  (0.185)    
ln (Total Reserves)   0.038*** 0.033*** 0.029*** 
   (0.011) (0.010) (0.007) 
ln (Retained Earnings)    0.021*** 0.013*** 
    (0.007) (0.004) 
ln (Issued Share Capital)     0.710*** 
     (0.028) 
Age  0.028** 0.029** 0.025** 0.014* 
  (0.012) (0.012) (0.013) (0.008) 
Constant 13.281*** 12.993*** 12.648*** 12.579*** 3.692*** 
 (0.025) (0.126) (0.142) (0.147) (0.364) 
      
Observations 2,509 2,471 2,165 2,036 2,035 
R-squared 0.173 0.168 0.254 0.272 0.664 
Number of Firms 295 293 280 264 264 
Year FE YES YES YES YES YES 
Firm FE YES YES YES YES YES 
Clustered SE YES YES YES YES YES 
 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of patent 
examination on patenting firms’ debt financing. The dependent variable is the natural log of the book value of Total 
Assets. ‘Patenting Firm’ is a dummy variable which =1 in years once a firm has obtained a granted unexamined 
patent before 1905, and/or a granted examined patent from 1905 onwards. ‘Examination Years’ is a dummy variable 
that =1 from 1905 onwards, identifying the new patent examination regime. See Appendix Table A2 for variable 
definitions and sources. Clustered robust standard errors (at the firm level) in parentheses; *** p<0.01, ** p<0.05, 
* p<0.1. 
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Figures 
 

Figure 1. Patent examiners employed by the Patent Office, 1899–1913 

 

Sources: Authors’ calculations using data published in the Reports of the Comptroller-General (1899–1913). 
 
  

0

50

100

150

200

250

300

1899 1900 1901 1902 1903 1904 1905 1906 1907 1908 1909 1910 1911 1912 1913

Assistant Examiners Deputy Examiners Examiners Supervising Examiners



 

41 

Figure 2. Patenting activity in the UK, 1899–1913 

 

Notes: Figure depicts the ratio of patents granted or ‘sealed’ each year against yearly total applications, yearly 
complete specification filings, and yearly provisional specification filings. The green vertical line indicates the 
date of Royal Assent of the Patents Act 1902 (18 December 1902); the red vertical line indicates the date from 
which the Patent Office undertook its first prior art search examinations (1 January 1905). 

Sources: Authors’ calculations using data published in the Reports of the Comptroller-General (1899–1913). 
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Figure 3. Debt/total assets ratio trends for patenting and non-patenting firms 

Panel A. Total debt/total assets Panel B. Bond debt/total assets 

 

 

 

 
 
Notes: This figure shows the trend of the average level of total debt-to-assets and total bond debt-to-total-assets for patenting and non-patenting firms, before and after patent 
examination was introduced in 1905. 

Sources: Authors’ calculations using data described in Section 3. 
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Appendices 
 

Table A1. Results of patent examination, 1905–1913 

Year Sealed Prior art search  Amendments following search 
  Anticipated Not 

anticipated 
 Amended by patentee Insertion of 

forced 
reference 

  Wholly Partly  Without 
hearing 

After 
decision 

1905 15,369 1,308 8,238 5,283  7,725 1,060 556 
1906 16,972 1,111 9,743 6,118  8,440 1,544 553 
1907 16,679 938 10,201 5,540  8,674 1,800 424 
1908 16,566 865 10,462 5,239  8,931 1,760 310 
1909 16,973 1,048 10,552 5,373  10,053 1,029 379 
1910 17,082 1,185 10,383 5,514  10,391 747 322 
1911 16,724 1,193 10,233 5,298  10,337 679 303 
1912 17,407 1,174 10,903 5,830  11,003 650 311 
1913 16,708 1,002 10,401 5,305  10,422 593 286 

 
Notes: ‘Sealed Patents’ refer to all patents where a complete specification has been granted and the sealing fee 
paid. ‘Wholly’ anticipated refers to a patent’s claims entirely matching a previous specification. ‘Partly’ anticipated 
refers to one or several of a patent’s claims matching previous specifications.  

Sources: Authors’ calculations using data published in the Reports of the Comptroller-General (1905–1913). 
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Table A2. Variable definitions and sources 

Variable Definition Sources 
Patenting Behaviour 

  

Patenting Firm =1 in years after a firm has a granted unexamined patent before 
1905, and/or a granted examined patent from 1905 onwards, = 0 
otherwise (year of accounts) 

PATSTAT 

Examination Years =1 if examination regime (1905-1913), = 0 otherwise (1899–1904) PATSTAT 
Examination Effect Interaction of Patenting Firm and Examination Years PATSTAT 
Anticipation Patenting =1 in 1903 or 1904 (after examination is announced but before 

introduction) after a firm has a granted patent, = 0 otherwise (year 
of accounts) 

PATSTAT 

Anticipation Years =1 if 1903 or 1904 (i.e., the years after examination announcement, 
but before policy implementation) 

PATSTAT 

Anticipation Effect Interaction of Anticipation Patenting and Anticipation Years PATSTAT 
Balance Sheet Items   
Total Assets  Book value of total assets Balance sheets 
Issued Share Capital Book value of total issued shares Balance sheets 
Total Debt Book value of total debt Balance sheets 
Bond Debt Book value of corporate bonds (debentures) Balance sheets 
Other Debt Total debt excluding bond debt Balance sheets 
Bank Debt Total bank borrowing Balance sheets 
Cash Total Total cash and cash equivalents Balance sheets 
Trade Credit Total credit from trade Balance sheets 
Total Reserves Total held in reserves and funds Balance sheets 
Net Profit Profit before distribution (after expenses incl. depreciation, interest)  Balance sheets 
Retained Earnings Accumulated net income or loss carried to following year Balance sheets 
Firm Characteristics   
Age  The number of years since incorporation SEYB 
London HQ =1 if firm is headquartered in London, = 0 otherwise SEYB 
Family Controlled =1 if family-controlled firm, =0 otherwise (family controlled if at 

least two listed Directors have the same surname, or the managing 
Director’s surname is in the Company’s name) 

SEYB 

Iron =1 if firm is in the Iron, Coal & Steel Sector, = 0 otherwise SEYB 
Balance Sheet Ratios 

  

Return on Assets (ROA) Net profit/total assets Balance sheets 
Return on Equity (ROE)  Net profit/total issued share capital (book value) Balance sheets 
Tobin’s Q  (Book value of debt + book value of preference equity + market 

value of common equity)/book value of total assets 
Balance sheets; 
SEDOL 

Maturity Ratio Retained earnings/ordinary equity (book value) Balance sheets; 
SEDOL 

Robustness Variables   
Weighted Average Debt Cost Weighted average coupon payments on a firm’s issued bonds Balance sheets 
Total Common/Total Assets Book value of total common shares issued/total assets Balance sheets 
Total Preference/Total Assets Book value of total preference shares issued/total assets Balance sheets 

 
Notes: PATSTAT = EPO’s PATSTAT Biblio (Autumn 2016 version); SEYB = Stock Exchange Yearbook; SEDOL = 
Stock Exchange Daily Official Lists. 

Sources: Balance sheets, SEYB and SEDOL are available at the Guildhall Library, London.  
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Table A3. Test of pre-reform trend differences  

Variable  (1) (2) 
 Total Debt/Total Assets Total Debt/Total Assets 
Patenting Firm 0.031 0.065 
 (0.047) (0.056) 
1900.AccountYear 0.007 0.006 
 (0.021) (0.020) 
1901.AccountYear 0.009 0.006 
 (0.021) (0.021) 
1902.AccountYear 0.005 0.004 
 (0.021) (0.021) 
1903.AccountYear 0.000 0.002 
 (0.020) (0.020) 
1904.AccountYear 0.006 0.009 
 (0.021) (0.020) 
Patenting#1900 -0.049 -0.062 
 (0.059) (0.071) 
Patenting#1901 -0.041 -0.046 
 (0.056) (0.067) 
Patenting#1902 -0.029 -0.049 
 (0.056) (0.065) 
Patenting#1903 -0.028 -0.062 
 (0.053) (0.063) 
Patenting#1904 -0.023 -0.064 
 (0.053) (0.062) 
   
Constant 0.234*** 0.233*** 
 (0.016) (0.015)    
Observations 917 917 
R-squared 0.001 0.002 
 
Notes: This table tests for differences in pre-trends for patenting and non-patenting firms, before the introduction of 
patent examination (1899–1904). The dependent variable is Total Debt/Total Assets. Independent variables include 
year dummy variables, a dummy variable identifying patenting firms, and year-patenting firm interactions. Column 
(1) uses the year of patent filing to identify a patenting firm; column (2) uses the year of patent grant to identify a 
patenting firm. See Appendix Table A2 for variable definitions and sources. Standard errors in parentheses; *** 
p<0.01, ** p<0.05, * p<0.1. 
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Table A4. Pooled analysis  
Variable (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
 

Total Debt Total Debt Bond Debt Bond Debt All Non-
Bond 

All Non-
Bond 

Bank Debt Bank Debt Trade Credit Trade Credit 

Patenting Firm -0.008 -0.009 -0.017* -0.017* 0.009 0.008 0.003* 0.003* 0.004 0.004 
 

(0.009) (0.009) (0.009) (0.009) (0.006) (0.006) (0.002) (0.002) (0.005) (0.005) 

Examination Years 0.029 0.015 0.001 -0.002 0.027 0.017 0.027 0.028 -0.006 -0.018 
 

(0.066) (0.067) (0.049) (0.051) (0.048) (0.048) (0.017) (0.018) (0.042) (0.043) 

Examination Effect 0.024** 0.024** 0.031** 0.030** -0.007 -0.006 -0.007** -0.007** 0.002 0.003 
 

(0.012) (0.012) (0.012) (0.013) (0.007) (0.007) (0.003) (0.003) (0.006) (0.006) 

ROA -0.393*** -0.433*** -0.274*** -0.287*** -0.119** -0.146** -0.069*** -0.067*** -0.037 -0.062 
 

(0.074) (0.074) (0.060) (0.064) (0.055) (0.057) (0.022) (0.025) (0.048) (0.050) 

Total Reserves/Total Assets -0.466*** -0.459*** -0.285*** -0.270*** -0.181*** -0.189*** -0.052* -0.053* -0.135*** -0.143*** 

(0.075) (0.076) (0.063) (0.063) (0.055) (0.057) (0.027) (0.028) (0.040) (0.041) 

Age -0.000 0.001 0.000 0.001 -0.000 0.001 -0.002 -0.003 0.003 0.004 
 

(0.008) (0.008) (0.006) (0.006) (0.006) (0.006) (0.002) (0.002) (0.005) (0.005) 

ln (Issued Share Capital) -0.084*** -0.091*** -0.065*** -0.070*** -0.019 -0.021 -0.009 -0.008 -0.010 -0.012 
 

(0.022) (0.022) (0.023) (0.024) (0.013) (0.013) (0.007) (0.007) (0.009) (0.010) 

Maturity Ratio 
 

0.036 
 

0.020 
 

0.016 
 

-0.006 
 

0.017 
  

(0.041) 
 

(0.041) 
 

(0.025) 
 

(0.013) 
 

(0.022) 

London HQ -0.179 0.282* -0.068 0.206* -0.110 0.077 -0.050* 0.042 -0.051 0.047 
 

(0.114) (0.149) (0.085) (0.113) (0.082) (0.106) (0.029) (0.038) (0.074) (0.095) 

Family Firm -0.270 -0.318 -0.218 -0.237 -0.052 -0.081 -0.034 -0.028 -0.035 -0.070 
 

(0.201) (0.205) (0.151) (0.158) (0.145) (0.145) (0.050) (0.052) (0.131) (0.132) 

Iron 
 

0.438*** 
 

0.264*** 
 

0.174*** 
 

0.094*** 
 

0.082*** 
  

(0.035) 
 

(0.028) 
 

(0.024) 
 

(0.008) 
 

(0.022) 

Constant 1.526*** 1.174*** 1.101*** 0.907*** 0.424*** 0.267 0.223** 0.120 0.190 0.132 
 

(0.277) (0.288) (0.291) (0.302) (0.161) (0.173) (0.086) (0.092) (0.119) (0.127) 
           

Observations 2,469 2,391 2,469 2,391 2,469 2,391 2,469 2,391 2,469 2,391 

R-squared 0.894 0.897 0.922 0.923 0.769 0.768 0.479 0.479 0.785 0.784 

Year FE YES YES YES YES YES YES YES YES YES YES 

Firm FE YES YES YES YES YES YES YES YES YES YES 

Clustered SE YES YES YES YES YES YES YES YES YES YES 

 
Notes: This table presents results of pooled regressions examining the introduction of patent examination and patenting 
firms’ debt financing. The dependent variable is Total Debt/Total Assets (columns 1 and 2); Bond Debt/Total Assets 
(columns 3 and 4); Non-Bond Debt/Total Assets (columns 5 and 6); Bank Debt/Total Assets (columns 7 and 8); Trade 
Credit Debt/Total Assets (columns 9 and 10). ‘Patenting Firm’ is a dummy variable which =1 in years once a firm has 
obtained a granted unexamined patent before 1905, and/or a granted examined patent from 1905 onwards. ‘Examination 
Years’ is a dummy variable that =1 from 1905 onwards, identifying the new patent examination regime. ‘Anticipation 
Effect’ is an interaction to test any additional anticipatory effect of patenting after the announcement of patent examination 
legislation, but before its implementation in 1905 (i.e. 1903 and 1904). See Appendix Table A2 for variable definitions 
and sources. Clustered robust standard errors (at the firm level) in parentheses; *** p<0.01, ** p<0.05, * p<0.1. 
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Table A5. Total debt/total assets analysis after adjusting control sample  

Variable (1) (2) (3) 
 PSM EB Never Patent  
Patenting Firm -0.008 -0.008  
 (0.008) (0.009)  
Examination Years 0.035 -0.029 0.061 
 (0.099) (0.161) (0.108) 
Examination Effect 0.024** 0.025** 0.026** 
 (0.011) (0.012) (0.012) 
ROA -0.393*** -0.424*** -0.378*** 
 (0.070) (0.113) (0.073) 
Total Reserves/Total Assets -0.466*** -0.522*** -0.478*** 
 (0.070) (0.117) (0.077) 
Age -0.000 0.006 -0.002 
 (0.007) (0.012) (0.008) 
ln (Issued Share Capital) -0.084*** -0.097*** -0.093*** 
 (0.021) (0.027) (0.023) 
Constant 1.381*** 1.528*** 1.510*** 
 (0.275) (0.357) (0.302) 
    
Observations 2,469 2,213 2,105 
Number of Firm 293 227 215 
R-squared 0.143 0.167 0.152 
Year FE YES YES YES 
Firm FE YES YES YES 
Clustered SE YES YES YES 
 
Notes: This table presents results of difference-in-differences panel regressions examining the introduction of 
patent examination and patenting firms’ debt financing. The regression analysis is conducted on matched control 
samples derived from: (1) a propensity score matching (PSM) procedure; (2) an entropy balancing (EB) 
procedure; (3) firms that never patented, neither in the pre- nor post-reform periods. The dependent variable is 
Total Debt/Total Assets. ‘Patenting Firm’ is a dummy variable which =1 in years once a firm has a granted 
unexamined patent before 1905, and a granted examined patent from 1905 onwards. ‘Examination Years’ is a 
dummy variable that =1 from 1905 onwards, identifying the new patent examination regime. Control variables 
for firm profitability, self-financing ability, size and age are included, as are firm and year controls. See Appendix 
Table A2 for variable definitions and sources. Clustered standard errors in parentheses; *** p<0.01, ** p<0.05, * 
p<0.1. 
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Table A6. Analysis using alternative firm profitability definition (ROE) 

Variable (1) (2) (3) (4) (5) 
 Total Debt/ 

Total Assets 
Bond Debt/ 
Total Assets 

Other Debt/ 
Total Assets 

Bank Debt/ 
Total Assets 

Trade Credit/ 
Total Assets 

Patenting Firm -0.009 -0.018** 0.009 0.003* 0.004 
 (0.008) (0.009) (0.005) (0.002) (0.005) 
Examination Years 0.031 0.006 0.025 0.038 -0.022 
 (0.099) (0.074) (0.072) (0.025) (0.064) 
Examination Effect 0.025** 0.032*** -0.007 -0.007** 0.002 
 (0.011) (0.012) (0.006) (0.003) (0.005) 
ROE -0.151*** -0.097*** -0.054* -0.034*** -0.015 
 (0.032) (0.023) (0.027) (0.012) (0.024) 
Total Reserves/Total Assets -0.458*** -0.278*** -0.180*** -0.051** -0.135*** 
 (0.070) (0.059) (0.051) (0.026) (0.037) 
Age 0.000 0.001 -0.000 -0.002 0.003 
 (0.008) (0.006) (0.005) (0.002) (0.005) 
ln (Issued Share Capital) -0.087*** -0.066*** -0.021* -0.009 -0.010 
 (0.021) (0.022) (0.012) (0.007) (0.009) 
Constant 1.399*** 1.024*** 0.375** 0.160* 0.196 
 (0.275) (0.286) (0.164) (0.085) (0.121) 
      

Observations 2,469 2,469 2,469 2,469 2,469 
R-squared 0.134 0.099 0.049 0.027 0.031 
Number of Firms 293 293 293 293 293 
Year FE YES YES YES YES YES 
Firm FE YES YES YES YES YES 
Clustered SE YES YES YES YES YES 

 
Notes: This table replicates key results from the paper’s main analysis, but substituting Return on Equity (‘ROE’) for 
Return of Assets (‘ROA’). ‘Patenting Firm’ is a dummy variable which =1 in years once a firm has obtained a granted 
unexamined patent before 1905, and/or a granted examined patent from 1905 onwards. ‘Examination Years’ is a 
dummy variable that =1 from 1905 onwards, identifying the new patent examination regime. ‘Anticipation Effect’ is 
an interaction to test any additional anticipatory effect of patenting after the announcement of patent examination 
legislation, but before its implementation in 1905 (i.e., covering 1903 and 1904). See Appendix Table A2 for variable 
definitions and sources. Clustered robust standard errors (at the firm level) in parentheses; *** p<0.01, ** p<0.05, * 
p<0.1. 
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Table A7. Analysis using patent filing date rather than grant date 

Variable (1) (2) (3) (4) (5) 
 Total Debt/ 

Total Assets 
Bond Debt/ 
Total Assets 

Other Debt/ 
Total Assets 

Bank Debt/ 
Total Assets 

Trade Credit/ 
Total Assets 

Patenting -0.011 -0.022** 0.012** 0.004* 0.007 
 (0.009) (0.009) (0.006) (0.002) (0.005) 
Examination Years 0.038 0.011 0.027 0.038 -0.020 
 (0.099) (0.074) (0.072) (0.025) (0.064) 
Examination Effect 0.026** 0.033*** -0.007 -0.004 -0.001 
 (0.011) (0.012) (0.006) (0.003) (0.006) 
ROA -0.391*** -0.270*** -0.121** -0.069*** -0.039 
 (0.070) (0.056) (0.051) (0.021) (0.045) 
Total Reserves/Total Assets -0.466*** -0.284*** -0.183*** -0.052** -0.136*** 
 (0.070) (0.059) (0.051) (0.025) (0.037) 
Age -0.000 -0.000 -0.000 -0.002 0.003 
 (0.007) (0.006) (0.005) (0.002) (0.005) 
ln (Issued Share Capital) -0.084*** -0.065*** -0.020 -0.009 -0.010 
 (0.021) (0.022) (0.012) (0.007) (0.009) 
Constant 1.385*** 1.022*** 0.363** 0.154* 0.192 
      
Observations 2,469 2,469 2,469 2,469 2,469 
R-squared 0.144 0.112 0.050 0.025 0.031 
Number of Firms 293 293 293 293 293 
Year FE YES YES YES YES YES 
Firm FE YES YES YES YES YES 
Clustered SE YES YES YES YES YES 

 
Notes: This table replicates key results from the paper’s main analysis, but using patent filing date rather than grant date 
in judging whether a firm was affected by the new patent examination regime. ‘Patenting Firm’ is a dummy variable 
which =1 in years once a firm has filed a patent before 1905, and/or a filed patent from 1905 onwards. ‘Examination 
Years’ is a dummy variable that =1 from 1905 onwards, identifying the new patent examination regime. ‘Anticipation 
Effect’ is an interaction to test any additional anticipatory effect of patenting after the announcement of patent 
examination legislation, but before its implementation in 1905 (i.e., covering 1903 and 1904). See Appendix Table A2 
for variable definitions and sources. Clustered robust standard errors (at the firm level) in parentheses; *** p<0.01, ** 
p<0.05, * p<0.1. 
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Table A8. Contrast analysis, pre- versus post-reform 

Aspect  Pre-Reform (Before 1905)  Post-Reform (After 1905)  Key Insight 

Patent Application 
Process 

 Patents granted based on 
simple formalities 
examination, with low fee. 

 Applications now subjected 
to prior art examination, 
with same low fee. 

 Increased barriers 
discouraged low-quality 
applications. 

Role of Patent 
Examiners 

 No substantial role in 
quality control beyond 
limited legal aspects. 

 Expert scientists employed 
as patent examiners to 
conduct prior art search 
and provide feedback. 

 Introduction of examiners 
institutionalised quality 
control, improving 
reputation of patent 
system. 

Patent Application 
Abandonment 
Rates 

 Rare abandonment as there 
was little scrutiny of 
patent claims. 

 Increased abandonment 
rates after examiners 
identified prior art 
conflicts. 

 Higher abandonment rates 
due to improved patent 
screening, ensuring more 
valuable patents 
proceeded to grant. 

Patent Quality  High number of low-quality 
patents, creating noise in 
innovation signals. 

 Increased quality through 
screening out of low-value 
non-novel patents. 

 Improved average patent 
quality helped public 
identify potentially 
valuable innovations. 

Signal to Investors  Weak signal of private 
value of invention due to 
lack of quality 
differentiation. 

 Stronger signal as examined 
patents demonstrated 
higher reliability and 
potential value. 

 Examination created 
stronger link between 
patents and firm 
innovation capabilities, 
boosting investor 
confidence. 

Debt Accessibility 
for Firms 

 Patenting firms showed 
similar debt-to-asset ratios 
as non-patenting firms. 

 Patenting firms now 
achieved higher debt-to-
asset ratios, particularly 
though using bond 
markets. 

 Examined patents acted as 
credible signals of 
invention quality, 
improving access to 
capital markets for 
innovative firms. 

Notes: Table summarises key arguments presented in text, contrasting pre- with post-reform patent system along 
several dimensions. 
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